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ABSTRACT
Background: Macular edema (ME) is a vision-threatening condition that commonly develops as a consequence 
of ocular diseases, including age-related macular degeneration, retinal vaso-occlusion of the central retinal 
vein and its branches, diabetic retinopathy, central serous chorioretinopathy, uveitis, retinitis pigmentosa, 
pseudophakia, ocular trauma, and drug toxicity. The treatment of ME remains challenging, although steroids 
and vascular endothelial growth factor inhibitors are available. Cost-effective therapy using a noninvasive 
administration route is required. This study aimed at reviewing the role of carbonic anhydrase inhibitors (CAIs) 
in the management of ME.
Methods: A literature search was conducted using PubMed/MEDLINE and Google Scholar for studies from 
January 2000 to March 2022. The following keywords were used in various combinations: “macular edema”, 
“carbonic anhydrase”, “carbonic anhydrase inhibitors”, “acetazolamide”, “dorzolamide”, and “brinzolamide”. 
Results: Articles with high or medium clinical relevance were selected for this  review. We found that multiple 
studies have demonstrated the relevance and efficacy rates of CAIs in the management of ME. Most published 
studies focused on acetazolamide and dorzolamide, with nearly all studies reporting therapeutic responses. 
Conclusions: ME is the leading cause of vision loss and requires noninvasive and cost-effective pharmacotherapy. 
With progress in the understanding of ME, particularly the role of carbonic anhydrase as a key driver, CAIs are 
the focus of research. Further optimization of the choice of CAIs and retinal bioavailability, potentially with 
nanoparticle formulations, is required to enable the effective management of ME. Further research is warranted 
to address the therapeutic effects of CAIs in different formulations.
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INTRODUCTION 
Macular edema (ME) is a leading vision-threatening condition that commonly develops as a complication of 
various eye diseases, including age-related macular degeneration, retinal vaso-occlusion, occlusion of the central 
retinal vein and its branches, diabetic retinopathy, central serous chorioretinopathy, uveitis, retinitis pigmentosa 
(RP), pseudophakia, ocular trauma, and drug toxicity [1-6]. 

ME manifests as swelling within or under the macula resulting from intercellular and intracellular fluid accumulation 
in the inner and outer plexiform retinal layers due to increased permeability [1-5]. The pathophysiology of ME 
involves a chain of inflammatory links in retinal microvascularity and the disintegration of tight junctions between 
cell walls. Various inflammatory mediators and cytokine growth factors are responsible for retinal swelling [2-5]. 
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ME may be an endpoint for conditions affecting the vessel wall, fluidics, and pumping actions in the neurosensory 
retina [2, 3]. It may manifest as diffuse ME due to generalized swelling of the macula or cystoid ME (CME) due 
to cyst formation in the petaloid pattern [2]. Advancements in ME therapy include intravitreal injections of 
antiangiogenics and intravitreal steroid implants [7]. However, the new modalities have disadvantages of side 
effects, unresponsiveness, the requirement of an unlimited number of injections, and low cost-effectiveness. 

Therefore, this study aimed at reviewing the role of carbonic anhydrase inhibitors (CAIs) in the management 
of ME.

METHODS
We conducted a literature search on PubMed/MEDLINE and Google Scholar for studies conducted from 
January 2000 to March 2022. The following keywords were used in various combinations: “macular edema”, 
“carbonic anhydrase”, “carbonic anhydrase inhibitors”, “acetazolamide”, “dorzolamide”, and “brinzolamide”. 

RESULTS
We found that studies have demonstrated the suitability and efficacy rates of CAIs in the management of ME. 
Most published studies have focused on acetazolamide and dorzolamide, with nearly all studies reporting 
therapeutic responses. Tables 1 [8-20] and 2 [10, 11, 15, 21-35] summarize studies on the efficacy of systemic 
and topical CAIs in ME, respectively.

Carbonic anhydrase (CA) is a prevalent enzyme in the body that acts as a mediator of inflammation. In 
addition to accumulation in the ciliary body epithelium, it is found in retinal cells, such as the retinal pigment 
epithelium (RPE), Muller cells, and red–green cones. Thus, it may be a potential therapeutic option [36-39]. 
The universal pathophysiology of CME is characterized by the suppression of K+ channels in Muller cells [40]

Table 1. Summary of included studies on the efficacy of systemic carbonic anhydrase inhibitor acetazolamide in the management 
of macular edema

Author (Year of Publication) Study design Diagnosis Therapeutic response

Lee and Gallemore (2021) [8] Case report SRF following macular hole 
repair

Persistence despite CAI administration 
and resolution by adding combined oral 
spironolactone and a topical NSAID.

Mackin et al. (2020) [9] Case series Idiopathic full-thickness 
macular hole with a diameter 
< 200 µm and CME

Hole closure with topical corticosteroids 
NSAIDs, and CAIs and oral CAIs.

Pepple et al. (2019) [10] Case series Uveitic or pseudophakic 
CME

Anatomical and visual improvement.

Bakthavatchalam et al. (2018) 
[11]

Systematic 
review

RP-CME Effective.

Lam et al. (2018) [12] Case report Pseudophakic CME with a 
macular hole

Resolution.

Borruat et al. (2018) [13] Case series MME in optic neuropathy Resolution with no change in visual function but 
recurrence after treatment cessation.

Pomykala et al. (2016) [14] Case report Recurrent RP-CSR Resolution.

Liew et al. (2015) [15] Cohort study RP-CME Improvement in OCT findings.

Chen et al. (2014) [16] Case series ME in macular telangiectasia 
type 2

Reduction in cystoid cavities and central macular 
thickness without change in visual acuity.

Apushkin et al.(2007) [17] Case series RP-CME Initial objective improvement in CME but 
recurrence in three of six patients after extended 
use of acetazolamide for 2–3 months.

Chung et al. (2006) [18] Case series RP-CME Improvement in OCT findings with variable 
recovery in BCVA.

Schilling et al. (2005) [19] Prospective Uveitis chronic CME Effective and safe.

Pikkel et al. (2002) [20] Non-randomized 
prospective 
comparative trial 

CSR Mean time of subjective visual improvement and 
clinical resolution shorter in CAI-treated than 
untreated eyes with a similar recurrence rate.

Abbreviations: SRF, subretinal fluid; CAI, carbonic anhydrase inhibitor; NSAID, non-steroidal anti-inflammatory drug; CME, 
cystoid macular edema; RP, retinitis pigmentosa; MME, microcystic macular edema; CSR, central serous retinopathy; OCT, 
optical coherence tomography; ME, macular edema; BCVA, best-corrected visual acuity.
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Table 2. Summary of included studies on the efficacy of topical carbonic anhydrase inhibitors in the management of macular 
edema

Author (Year of Publication) Study design Diagnosis Therapeutic response

Dorzolamide
Shimokawa et al. (2022) [21] Case series RP-CME Recurrence in 14 of 40 patients with 

a risk factor of a high baseline central 
subfield thickness.

Badawi et al. (2021) [22] Prospective, non-
randomized

Diabetic CME Effective and safe.

Kokame et al. (2021) [23] Case series Macular hole Resolution but recurrence in two of 
seven patients.

Liew et al. (2020) [24] Prospective, 
interventional, 
non-randomized, 
controlled study

Chronic CSR Rapid resolution in the treatment group 
but a similar change in BCVA at 3 
months.

Pepple et al. (2019) [10] Case series Uveitic or pseudophakic 
ME

Anatomical and visual improvement.

Marques and Sousa (2019) [25] Case report Macular hole with 
multiple intraretinal cysts

Complete closure of the macular hole 
after 1 month with no significant change 
in VA due to the long-standing
nature of the hole.

Kim et al. (2018) [26] Case report CME in 
hydroxychloroquine 
retinopathy

Case 1, resolution in both eyes with no 
recurrence and improvement in VA.
Case 2, resolution in both eyes and 
improvement in VA at 5 months, 
with recurrence at 2 months after 
discontinuations and resolution with 
restarting the eye drop.

Dwivedi and Tiroumal (2018) [27] Case report Paclitaxel-related CME Resolution in both eyes and 
improvement in BCVA.

Bakthavatchalam et al. (2018) [11] Systematic review RP-CME Effective.

Lima-Gomez et al. (2015) [28] Prospective, double 
blind, experimental, 
comparative study

DME after 
photocoagulation

Effective.

Lemos Reis et al. (2015) [29] Randomized clinical 
trial

ME in RP and Usher 
syndrome 

Improvement in BCVA.

Liew et al. (2015) [15] Cohort study RP-CME Improvement in OCT findings.

Ikeda et al. (2013) [30] Case series RP-CME Effective.

Ikeda et al. (2012) [31] Case series RP-CME Effective.

Genead and Fishman (2010) [32] Case series CME in RP and Usher 
syndrome

Anatomical and visual improvement.

Fishman and Apushkin (2007) [33] Case series RP-CME Sustained improvement in OCT 
findings in at least one eye of of eight 
patients,both eyes of four patients, with 
recurrence in both eyes of two patients, 
sustained improvement in one eye, 
and recurrent CME in the fellow eye 
of two patients. Clinically significant 
improvement in VA of at least one eye in 
three patients.

Grover et al. (2006) [34] Prospective, non-
randomized clinical 
trial

RP-CME Effective but follow-up required because 
of the rebound phenomenon.

Brinzolamide
Alkin et al.  (2013) [35] Retrospective  cohort 

study
RP-CME  Improvement in OCT findings, with no 

significant change in BCVA.
Abbreviations: RP, retinitis pigmentosa; CME, cystoid macular edema; CSR, central serous retinopathy; BCVA, best-corrected 
visual acuity; ME, macular edema; VA, visual acuity; DME, diabetic macular edema; OCT, optical coherence tomography.
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and increased synthesis of CA-1 and vascular endothelial growth factor, leading to inflow and outflow 
dysregulations in the macular zone at the Henle’s fiber and inner nuclear layers, respectively [40]. In diabetes, 
retinal and subretinal fluid accumulation due to hypercapnia and elevated CAs relax tight cell junctions between 
the RPE and remnant retinal layers [41, 42].

CAIs move fluid from the retina into the choroid through the RPE by acidifying the subretinal space [36, 39]. 
The decongestant effect of CAIs is achieved by subretinal space acidification and accelerated fluid hydrodynamics 
through the RPE [43-45]. The inflammatory process causes vascular and RPE leakage, which manifests as CME. 
Systemic CAIs subside CME by increasing ion and fluid transports from the retina. Owing to their effect on 
bicarbonate-coupled ion transport and vessel dilatation, reduced serum K+ levels could cause dehydration [40].

DISCUSSION
Systemic CAIs in ME
Systemic CAIs have been established as a treatment modality for ME, although systemic side effects have been 
widely reported [36-38]. Acetazolamide enables fluid pumping from the subretinal space to the choroids 
through the RPE [39]. It is effective in resolving pseudophakic CME and closing full-thickness macular hole 
[12]. In similar select cases with remnant subretinal fluid after topical combination therapy, including steroids, 
non-steroidal anti-inflammatory drugs (NSAIDs), and dorzolamide, acetazolamide was added to accentuate the 
effect. Holes closed with topical corticosteroids, NSAIDs, CAIs, and oral CAIs [9].

In the case of dome-shaped maculopathy and macular hole, which were surgically repaired, acetazolamide 
was administered postoperatively for 2 months to facilitate fluid resorption. However, subretinal fluid persisted 
despite CAI administration and was resolved by adding combined oral spironolactone and topical NSAIDs [8]. 
Acetazolamide resulted in anatomical and visual improvements in refractory pseudophakic and uveitis-related 
CME [10, 46].

A pilot study on the treatment of diabetes-related CME with acetazolamide had limitations in eligible patients 
and follow-up duration [47]. Improved fluorescein angiography and perimetric findings suggested the efficacy of 
acetazolamide, despite only slight vision improvement.

Pikkel et al. [20] reported the effect of acetazolamide on the course of central serous retinopathy (CSR) 
in a prospective non-randomized trial comparing 15 acetazolamide-treated and 7 untreated (control) CSR 
cases with a 24-month follow-up and found that acetazolamide treatment accelerated the speed of recovery. 
However, it did not affect the endpoint vision or recurrence rate of CSR [20]. In contrast, acetazolamide has 
been used in patients with optic neuropathy accompanied by microcystic ME [13]. Monitoring retinal layer 
thickness by optical coherence tomography (OCT) during treatment showed decreased thickness in all 14 
eyes of the 11 patients, although visual acuity (VA) remained unchanged and ME recurred after treatment 
cessation.

Recurrent CSR associated with RP has been successfully treated with acetazolamide [14]. Positive anatomical 
outcomes, including reduced central macular thickness and macular cystic cavities, have been documented in 
macular telangiectasia, despite unchanged VA. Retinal thickness decreased in cases treated with acetazolamide, 
unlike those treated with methazolamide [16].

A recent multicenter prospective study comparing dexamethasone implants and oral acetazolamide in RP-
related CME demonstrated a lower efficacy of CAIs, but the results required further assessment [48].

The long-term effect (mean follow-up of 3.1 years) of acetazolamide therapy in uveitis-related CME was 
evaluated in 33 eyes treated with acetazolamide monotherapy for quiet uveitis and 19 eyes treated with systemic 
anti-inflammatory therapy in addition for chronic uveitis [19]. Both groups showed significantly increased VA, 
with relatively better results in eyes with quiet uveitis [19]. Levin et al. found active uveitis at presentation with 
uveitic ME to be a good prognostic factor. Studies have shown a strong correlation between visual improvement 
and subsidence of the anterior chamber or vitreous cells and vitreous haze over time [49]. Ranibizumab is 
another potential treatment option for refractory ME in quiet uveitis, with a report of improved vision and 
central retinal thickness at 3 and 6 months without side effects [50].

Recent OCT studies on acetazolamide use in uveitic or pseudophakic CME demonstrated anatomical and 
visual benefits [10]. CME in RP causes vision loss in 10%–50% of patients [51-56]. Anti-CA antibodies and 
CME [57] were correlated in patients with RP with CME (hereafter referred to as “RP-CME”), confirming the 
efficacy of CAIs in RP-CME. The efficacy of acetazolamide in vision improvement has been inconsistent in some 
retinal dystrophies [58]. CME showed initial objective improvement in a case series of RP-CME. However, 
extended use of acetazolamide for 2–3 months caused a recurrence of CME in three of six patients [17]. 



Carbonic anhydrase inhibitors and macular edema

Med Hypothesis Discov Innov Ophthalmol. 2022; 11(1)38

A retrospective study [15] on systemic and topical CAIs in RP-CME documented positive OCT changes 
in 28% of the eyes of patients treated with acetazolamide compared to 40% of the eyes of patients treated 
with topical dorzolamide. Predictive factors for success in therapy were autosomal recessive RP and increased 
central macular thickness at presentation [15]. Acetazolamide (125 or 250 mg/day for 4–12 months) in 
patients with RP improved OCT-diagnosed CME, with variable recovery in best-corrected VA [18].

Topical CAIs in ME
The efficacy of topical monotherapy with CAIs has been reported in several conditions [59]. The effect of CAIs 
on retinal edema has been shown in RP with Usher syndrome [32]; choroideremia [60]; syndromic retinal 
dystrophies, such as Alström syndrome [61]; CME after cataract extraction [62]; and serous retinal detachment 
secondary to a dome-shaped macula [63]. 

The efficacy of several topical CAIs has been evaluated. A prospective, non-randomized clinical trial 
[34] involving 15 patients with RP-CME who received dorzolamide thrice daily for at least 4 weeks found 
dorzolamide to be effective. However, a rebound phenomenon was observed in some patients with long-term 
therapy, indicating the necessity of a careful follow-up. In a study limited by the small sample size and short 
follow-up duration, dorzolamide was effective in patients with RP [33].

The effect of topical dorzolamide on VA and CME verified by OCT was assessed in 32 patients with RP and 
Usher syndrome using a long-term follow-up [32]. Central foveal thickness reduced in most patients, and vision 
improved in one-third of the patients. Similarly, the prolonged use (> 1 year) of dorzolamide was effective in RP-
CME, supporting its use as a first-line treatment [30, 31]. A systematic review [11] demonstrated the efficacy of 
oral (acetazolamide and methazolamide) and topical (dorzolamide and brinzolamide) CAIs in RP-CME, with 
priority to acetazolamide as the most potent agent, replaced by dorzolamide only in cases of systemic side effects 
due to oral therapy. Salvatore et al. [64] showed that CAIs are effective in retinal dystrophies, although not in all.

A meta-analysis concluded that CAIs significantly reduced central macular thickness in RP-CME, 
although the effect on VA was controversial and warranted multicenter prospective randomized controlled 
trials [65]. A retrospective study showed gradually decreased efficacy of 1.0% topical dorzolamide in RP-
CME, highlighting increased baseline central subfield thickness as a poor prognostic factor for relapse of 
edema [21]. Dorzolamide improved best-corrected VA in patients with RP or Usher syndrome with OCT-
diagnosed ME [29].

A double-blind comparative study was performed on dorzolamide use in patients with diabetes with focal 
ME who underwent photocoagulation. In eligible patients with diabetic ME and focal leakage, the pigment 
epithelium was unaltered, and the retina was overhydrated [28]. Three weeks after photocoagulation, the patients 
were randomly assigned to the study group treated with dorzolamide thrice daily for 3 weeks, and the control 
group treated with placebo. Dorzolamide was effective in reducing retinal thickness compared to placebo. The 
authors argued that microaneurysm closure by preliminary photocoagulation could facilitate fluid outflow into 
the choroid by topical CAIs [28]. Fluid is also excreted from neighboring capillaries with increased capacity 
owing to vasodilation after photocoagulation. This procedure contributes to the gene expression of angiotensin 
II receptor type 2 in the retina [66]. Venous dilation is caused by CAIs [67] and is more prominent with 
dorzolamide use than with acetazolamide [68]. 

A study on the impact of monotherapy with 2% topical dorzolamide thrice daily for 1 month on VA and 
central macular thickness in diabetic CME showed significant improvement in VA and decline in central macular 
thickness at 3 months [22]. The authors advocated the use of dorzolamide in diabetic CME, emphasizing its 
safety, efficacy, and affordability. However, this was the first study on monotherapy with dorzolamide for diabetic 
CME, and further large-scale randomized controlled trials are required.

A prospective non-randomized comparative trial involving 18 dorzolamide-treated (over 3 months) and 15 
untreated (control) patients with CSR evaluated the effect of dorzolamide on the course of chronic CSR [24]. 
The results showed that dorzolamide treatment for CSR facilitated subjective and objective recovery without 
affecting visual functions. In another study, dorzolamide showed an anti-inflammatory effect on ME resorption 
in patients with epiretinal membrane who underwent simultaneous vitrectomy, phacoemulsification, and 
intraocular lens implantation [69]. The authors documented a substantial decrease in central macular thickness 
after dorzolamide use at 1 month and a mean aqueous flare at 2 weeks postoperatively. The anti-inflammatory 
effect of dorzolamide on proinflammatory cytokine interleukin-6 has been investigated [69, 70].  Hypothesizing 
that a macular hole results from the hydration of the retina in addition to the vitreous and internal limiting 
membrane tractional forces. Su et al. [71] treated patients with small (< 300 μm) full-thickness macular holes 
with topical dorzolamide-timolol for 1 month and demonstrated hole closure.

https://www.sciencedirect.com/topics/medicine-and-dentistry/acetazolamide
https://www.sciencedirect.com/topics/medicine-and-dentistry/diabetic-macular-edema
https://www.sciencedirect.com/topics/medicine-and-dentistry/microaneurysm
https://www.sciencedirect.com/topics/medicine-and-dentistry/angiotensin-ii-receptor-type-2
https://www.sciencedirect.com/topics/medicine-and-dentistry/angiotensin-ii-receptor-type-2
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Dorzolamide efficacy in hydroxychloroquine retinopathy-related CME was assessed in two cases with 
well-documented therapeutic responses [26]. Similar results were obtained in the case of CME related to the 
chemotherapeutic drug paclitaxel, suggesting that topical dorzolamide may have therapeutic value for resorption 
of edema and recovery of vision [27]. 

A retrospective study [35] assessed whether or not the topical application of 1% brinzolamide in RP-CME 
could improve vision. The results showed no positive effects; however, central macular thickness decreased. 
Brinzolamide in combination with difluprednate 0.05% and nepafenac 0.1% was effective in CME cases 
related to Irvine-Gass syndrome, diabetic retinopathy, and branch retinal vein occlusion [62]. Dorzolamide 
or brinzolamide in combination with ketorolac and prednisolone acetate is effective in full-thickness macular 
hole management [9]. Another study [72] reported encouraging results, particularly in small holes with CME, 
consistent with studies by Marques and Sousa [25] and Kokame et al. [23].

The consensus is that CAIs are a promising and viable therapeutic option for ME. This review included only 
clinical studies on the management of ME using systemic and topical CAIs. The limitations of the included 
studies were the small sample size and unavailability of double-blind randomized multicenter studies. 
Further, the limitation of this review is that it is a narrative review. Considering the low permeability of 
CAIs through the retinal barrier [73], future pharmaceutical studies are required on increased drug retinal 
bioavailability through improved solubility and nanoparticles as nanocarriers [74], followed by randomized 
controlled studies on their efficacy and outcomes in ME.

CONCLUSIONS
ME commonly develops in several ocular diseases that require noninvasive, cost-effective pharmacotherapy. 
With progress in the understanding of ME, particularly the role of CA as a key driver, CAIs are the focus of 
research. To date, most published studies have focused on acetazolamide and dorzolamide, with nearly all studies 
reporting therapeutic responses. However, further optimization of the choice of CAIs and retinal bioavailability, 
potentially with nanoparticle formulations, is required to enable the effective management of ME. 
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