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Purpose: Diabetic macular edema (DME) is a major cause of vision loss in diabetes. This systematic review and meta-analysis aimed 
to evaluate the efficacy and safety of intravitreal bevacizumab (IVB) combined with topical timolol-dorzolamide versus dorzolamide 
alone in DME patients.
Patients and Methods: A literature search was conducted across multiple databases until March 2024. Randomized controlled trials 
(RCTs) comparing IVB (1.25 mg, monthly) with topical dorzolamide-timolol (twice daily) or dorzolamide alone (twice daily) were 
included. Primary outcomes assessed were best-corrected visual acuity (BCVA), central macular thickness (CMT), and intraocular 
pressure (IOP) at various intervals.
Results: Four RCTs involving 98 patients (150 eyes) were analyzed, with a mean age of 57.9 years and a female predominance 
(55.1%). The subgroup meta-analysis indicated a weighted mean difference (WMD) in BCVA of −0.125 [95% CI: −0.21 to −0.041]. 
The IVB+D group showed no significant difference in WMD compared to the IVB and IVB+TD groups. IOP measurements revealed a 
WMD of −1.244 mmHg [95% CI: −2.548 mmHg to 0.06 mmHg], with a significant increase in the IVB group compared to the IVB+D 
and IVB+TD groups. CMT analysis showed a WMD of −78.875 μm [95% CI: −118.606 μm to −39.145 μm], with no significant 
differences among groups.
Conclusion: Concurrent IVB with topical timolol-dorzolamide or dorzolamide alone demonstrated similar efficacy in improving 
BCVA and CMT in DME patients. However, the IVB+TD combination resulted in a more significant reduction in IOP compared to 
IVB alone.
Keywords: diabetic macular edema, intravitreal bevacizumab, anti-vascular endothelial growth factor, retinal disorders, timolol- 
dorzolamide

Introduction
Diabetic macular edema (DME) is a serious complication of diabetes mellitus characterized by excessive accumulation of 
fluid within retinal layers of the macula. DME is the leading cause of vision loss among individuals with diabetes.1–3 

Concurrent with the alarming global escalation in the prevalence of diabetes mellitus, the therapeutic burden associated 
with DME has increased exponentially.2 Epidemiological investigations have demonstrated the prevalence of DME in 
diabetic patients to vary between 1.4% and 14.3%.4–6
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The pathophysiology of diabetic macular edema (DME) is intricate, involving a multifaceted interplay of intercon
nected mechanisms. Chronic hyperglycemia, a hallmark of diabetes, can cause increased vascular permeability and 
disruption of the blood-retinal barrier, resulting in the accumulation of fluid in the retinal tissue.7,8 Moreover, empirical 
evidence has demonstrated that inflammatory processes, characterized by the upregulation of chemokines and cytokines, 
contribute to the development and progression of DME.8,9 Notable inflammatory mediators involved in DME include 
vascular endothelial growth factor (VEGF), interleukins (ILs), matrix metalloproteinases (MMPs), and tumor necrosis 
factor (TNF).8,9 Furthermore, oxidative stress and impaired autoregulation of retinal blood flow have also been 
implicated in the pathogenesis of DME.9

Clinically, DME is characterized by macular thickening, the presence of hard exudates, and a decline in visual acuity. 
The severity of symptoms can vary, ranging from subtle changes in vision to significant vision impairment that 
significantly impacts daily functioning.8,10 Individuals with DME may encounter symptoms such as blurred vision, 
metamorphopsia, and challenges with central vision-dependent tasks like reading and driving.8,10

The mainstay of treatment for DME is intravitreal anti-vascular endothelial growth factor (anti-VEGF) therapy. The 
introduction of anti-VEGF agents has revolutionized the treatment of DME by largely replacing retinal laser treatment as 
the primary intervention.2,11 However, limitations such as incomplete treatment response, high costs, and safety concerns 
related to frequent injections have resulted in suboptimal outcomes.12,13

The effectiveness of intravitreal anti-VEGF therapy depends on its distribution, either directly to the vitreous body or 
indirectly affecting the retinal layers through the aqueous humor.13 The drug is typically cleared through the anterior 
chamber outflow, which may lead to limited efficacy as the drug is washed out rapidly.14,15 To address this, prolonging 
the half-life of anti-VEGF agents by administering antiglaucoma drugs (such as carbonic anhydrase inhibitors and beta- 
blockers) concomitantly has been explored.16,17 This approach aims to enhance efficacy and improve clinical outcomes 
by reducing the turnover of aqueous humor.16,17

A growing body of evidence has compared the efficacy and safety of the combined approach of concurrent 
administration of intravitreal bevacizumab with topical timolol-dorzolamide or dorzolamide alone in patients with 
DME.18–23 However, to our knowledge, other anti-VEGF agents have not been extensively investigated in clinical trials 
for this specific combination approach. Therefore, a systematic review and meta-analysis is warranted to synthesize the 
available evidence and draw a comprehensive conclusion. Herein, we aim to systematically analyze the efficacy and 
safety of concurrent administration of intravitreal bevacizumab with topical timolol-dorzolamide or dorzolamide alone in 
patients with DME.

Materials and Methods
Literature Search Strategy
A systematic review and meta-analysis, registered with PROSPERO (ID:CRD42024527799), were conducted in accor
dance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.24 The 
following electronic databases were comprehensively searched: MEDLINE, Cochrane Library, Scopus, Registry of 
controlled Trials, Web of Science; using relevant keywords “diabetic macular edema”, “DME”, “bevacizumab”, 
“timolol”, “dorzolamide” from inception till 26 March 2024. All published articles were considered with no restrictions 
in terms of language or publication period. Further, we manually scanned the bibliography of retrieved articles for 
additional relevant studies.

Eligibility Criteria and Study Selection
We included studies with the following criteria: (a) randomized controlled trials (RCTs) that compared IVB (1.25 mg, 
monthly injection) with topical dorzolamide-timolol (twice daily) or dorzolamide alone (twice daily); (b) patients > 18 
yrs, who had any type of diabetes, clinically significant DME and receiving naïve treatment; (c) reported data on any of 
the following outcomes: best-corrected visual acuity (BCVA), central macular thickness (CMT), intraocular pressure 
(IOP) at various weeks endpoints; (d) treatment duration at least 3 months. Articles were excluded if: (1) non-randomized 
controlled trials or comparative interventional case series; (2) studies with DR without macular edema or studies of 
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macular edema due to causes other than DR; (3) macular edema related to recent intraocular surgery or other procedures; 
(4) studies that compared IVB or T or TD with different intervention; (5) studies that concerned with non-ocular 
outcomes or non-DME patients; (6) history of ocular surgery, coexistence of ocular diseases including glaucoma, 
significant cataract which affected patients’ vision, retinal diseases or vitreoretinal interface abnormalities; (7) severe 
comorbidities, uncontrolled diabetes mellitus, uncontrolled hypertension, history of cerebrovascular accident or arterial 
thromboembolic event; (8) history of any treatment for DR at any time or history of retinal photocoagulation. Duplicates 
were removed using Mendeley software and retrieved references were screened in two stepwise manner: titles/abstracts 
screening for matching our inclusion criteria, followed by a full-text appraisal of relevant articles for eligibility to meta- 
analysis. Each step was performed by two independent reviewers.

Data Extraction
Each type of dataset was extracted independently by two authors. Discrepancies were settled through discussion and 
consensus among the reviewers. The extracted data involved the study ID (name of the first author and year of 
publication), location, study design, major inclusion criteria, major exclusion criteria, various intervention groups 
(arm, dosage, number of injections and the interval in-between), number of patients, number of eyes and follow up 
duration, baseline characteristics for each intervention arm of enrolled patients (age, sex, type of DME), and Treatment 
outcome measures.

Data Synthesis and Quality Assessment
The primary outcomes of interest were best corrected visual acuity (BCVA), central macular thickness (CMT), 
intraocular pressure (IOP). These outcomes were extracted at baseline, 4, 8, and 12 weeks, as well as one-month post- 
treatment, to assess both short-term and long-term efficacy across treatment groups. The final measurements from Fazel 
et al and Sadr et al were collected at 12 weeks, while those from Fekri et al and Mirshahi et al were obtained one-month 
post-treatment.20–23 Means and standard deviations (SDs) for BCVA, CMT, and IOP at each endpoint were calculated 
per eye.

The quality of the studies was assessed using the Joanna Briggs Institute appraisal.25 The main objective of this 
checklist is to evaluate the methodological quality and the possibility of bias in the design and conduct and analysis of 
studies.

Statistical Analysis
Stata (StataCorp. 2024) was used for all statistical analyses. Continuous variables were presented as weighted means (effect 
size of means) and 95% confidence intervals (CIs), while categorical variables were presented as frequencies and 
percentages. All meta-analyses were conducted using the random-effects model.26,27 Subgroup analysis of weighted 
mean difference and 95% CI was performed to assess differences among intervention groups.28,29 Heterogeneity among 
studies was evaluated using the Chi-square (χ2) test and the Higgins I2 test.30 A two-tailed p-value of <0.05 was considered 
statistically significant for all statistical analyses. Egger’s test in addition to funnel plots were used to assess publication bias 
among included papers, and no bias was detected (all showed a p-value of > 0.05; Supplementary Figure 1a–c).31

Results
Study Selection
The initial literature search of databases yielded a total of 635 articles (Figure 1). After removing duplicates, we were left 
with 623. By reviewing titles and abstracts, 546 studies were excluded. Seventy-seven papers were then retrieved and 
assessed for inclusion through a full text review process. Ultimately, 73 did not meet our inclusion criteria and were 
subsequently excluded. Therefore, four articles, categorized as level II evidence, were included in the analysis.20–23
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Demographics and Clinical Characteristics
Our cohort includes a total of 98 patients that were diagnosed with diabetic macular edema, who received IVB alone, 
IVB+D, or IVB+TD. The overall weighted mean age of the entire cohort was 57.9 years [95% CI: 50.4 years – 65.6 
years, p = 0.98], with an overall female predominance (n = 54/98, 55.1%). A total of 150 eyes underwent the clinical 
trials, with 75/150 (50.0%) eyes had IVB alone, 41/150 (27.3%) eyes had IVB+D, and 34/150 (22.7%) eyes had IVB 
+TD. See Table 1 for further details.

Intervention Outcomes
In the subgroup meta-analysis, the overall weighted mean difference (WMD) in best-corrected visual acuity (BCVA) 
between groups was −0.125 [95% CI: −0.21 to −0.041]. The IVB+D group had a non-significantly different WMD 
[−0.05, 95% CI: −0.225 to 0.125] compared to both the IVB group [WMD: −0.094, 95% CI: −0.191 to 0.002] and the 
IVB+TD group [WMD: −0.206, 95% CI: −0.430 to 0.019, p = 0.56; Figure 2].

In terms of intraocular pressure (IOP), the subgroup meta-analysis revealed an overall WMD of −1.244mmHg [95% 
CI: −2.548mmHg to 0.06mmHg]. The IVB group demonstrated a statistically significant increase in IOP [WMD: 
0.069mmHg, 95% CI: −0.554mmHg to 0.693mmHg] compared to both the IVB+D group [WMD: −1.274mmHg, 95% 

Figure 1 PRISMA flowchart for articles screening process.
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Table 1 Overall Demographic and Clinical Data of the Included Studies

Study 
(Country)

Study 
Design

Intervention Inclusion Criteria Exclusion Criteria DME 
definition

No. of 
patients

Female 
No. (%)

Mean 
age 
(SD)

Total 
No. 
of 
Eyes

Total No. of 
Eyes Per 
Intervention 
(#)

Intervention 
Dose

Intervention 
Frequency

Follow-up 
(latest)

Fazel et al, 
2020 
(Iran)21

Randomized 
contralateral 
clinical trial

IVB+D ● Patients with bilat
eral DME

● BCVA between 
20/50 and 20/200

● CMT greater than 
300 microns on 
OCT, with differ
ence less than 25% 
between both eyes

● Pregnancy or Breast feeding
● History of allergy to 

medications
● Significant macular diseases 

(foveae atrophy foveae scar, 
etc).

● Other causes of macular 
edema (uveitis, or other ocu
lar inflammatory diseases, 
neovascular glaucoma, epiret
inal membrane)

● History of ocular surgery
● Coexistence of ocular dis

eases including glaucoma
● Significant media opacity or 

Opaque media
● Monocularity
● Severe comorbidities
● Uncontrolled diabetes
● Uncontrolled hypertension
● History of cerebral vascular 

accident
● Active ocular infection

Central- 
involving 
DME (with 
CMT> 250 
µm

16 10 (62.5) 62 
(13)

32 IVB (16) 
IVB+D (16)

IVB: 
1.25 µg 
D: 
2%

For 3 months: 
IVB: 1 
injection/ 
month 
D: 
Twice daily

Monthly (3 
months after 
starting the 
intervention)

Sadr et al, 
2024 
(Iran)22

Randomized 
contralateral 
clinical trial

IVB+D ● Treatment-naïve 
diabetic patients 
with bilateral cen
tral involving-DME 
with CMT >250 µm

● History of any previous laser 
photocoagulation and/or 
intraocular surgery /injection

● Pregnancy
● Breastfeeding
● Non-center-involving DME
● History of glaucoma
● Presence of any other retinal 

disease affecting the macula 
other than DME

● History of allergy to carbo
nic anhydrases compounds

● Age below 18 years
● Patients who failed to attend 

follow-up or experienced 
unbearable side effects

Central- 
involving 
DME (with 
CMT> 250 
µm

25 12 (48.0) 56.6 
(7.97)

50 IVB (25) 
IVB+D (25)

IVB: 1.25 mg/ 
0.05 mL 
D: 2%

For 3 months: 
IVB: 1 
injection/ 
month 
D: 
Three times 
daily

Monthly (3 
months after 
starting the 
intervention)

(Continued)
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Table 1 (Continued). 

Study 
(Country)

Study 
Design

Intervention Inclusion Criteria Exclusion Criteria DME 
definition

No. of 
patients

Female 
No. (%)

Mean 
age 
(SD)

Total 
No. 
of 
Eyes

Total No. of 
Eyes Per 
Intervention 
(#)

Intervention 
Dose

Intervention 
Frequency

Follow-up 
(latest)

Fekri et al, 
2024 
(Iran)23

Randomized 
placebo 
controlled 
clinical trial

IVB+TD ● At least 18 years 
of age

● CMT of more than 
300 μm per OCT 
scan

● BCVA less than 
20/30 and equal or 
more than 20/200.

● Proliferative DR
● glaucoma
● ME not related to DR
● a history of recent PRP or 

cataract surgery (within the 
last 4 months), or other 
intraocular surgeries (except 
uncomplicated cataract 
surgery)

● Pregnant or breastfeeding
● History of allergic reaction 

toTD
● Use of systemic beta- 

blockers
● Uncontrolled hypertension.
● Poor glycemic control FBS > 

250 mg/dl or HbA1C > 9%)

Central- 
involving 
DME 
(with 
CMT> 300 
µm)

46 25 (54.3) IVB: 
58.5 
(8.4) 
IVB 
+TD: 
60.4 
(7.7)

46 IVB (23) 
IVB+TD (23)

IVB: 1.25 mg/ 
0.05 mL 
D: 2% 
T: 0.5%

For 3 months: 
IVB: 1 
injection/ 
month 
TD: 
Twice daily

Monthly (4 
months after 
starting the 
intervention)
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Mirshahi 
et al, 2019 
(Iran)20

Randomized 
contralateral 
clinical trial

IVB+TD ● 18 years old with 
type 1 or 2 
diabetes,

● BCVA worse than 
20/32

● Definite retinal 
thickening due to 
DME on clinical 
examination invol
ving the center of 
the macula assessed 
to be the main 
cause of visual loss

● Retinal thickness 
measured on SD- 
OCT 300 mm in 
the central subfield.

● diabetic nephropathy
● history of any ocular and 

other systemic disorders 
except diabetes mellitus

● history of any ocular surgery
● Allergy of allergy to 

medications
● Significant cataract which 

affected patients’ vision
● Epiretinal membrane or 

vitreoretinal interface 
abnormalities

● Proliferative DR
● History of intravitreal injec

tion for treatment DME.
● Patients with active or 

regressed PDR
● History of retinal photocoa

gulation, either for DME or 
PDR

● Systolic blood pressure was 
>180 mmHg or diastolic 
blood pressure was 
>110 mmHg,

● Myocardial infarction and 
other cardiac event requiring 
hospitalization

● Cerebrovascular accident 
and transient ischemic attack

● Treatment for acute conges
tive heart failure

● HbA1c more than 8.5 or 
FBS test was more than 250.

Central- 
involving 
DME 
(with 
CMT> 300 
µm)

11 7 (63.6) 54.2 
(8.5)

22 IVB (11) 
IVB+TD (11)

IVB: 1.25 mg/ 
0.05 mL 
D: 2% 
T: 0.5%

For 3 months: 
IVB: 1 
injection/ 
month 
TD: 
Twice daily

Monthly (4 
months after 
starting the 
intervention)

Abbreviations: IVB, intravitreal bevacizumab; D, topical dorzolamide; T, Timolol; TD, topical timolol–dorzolamide; IVB+D, intravitreal bevacizumab with topical dorzolamide; IVB+TD, intravitreal bevacizumab with topical timolol– 
dorzolamide; DME, diabetic macular edema; ME, macular edema; BCVA, best corrected visual acuity; CMT, central macular thickness; OCT, optical coherence tomography; DR, diabetic retinopathy; PRP, pan-retinal photocoagulation; 
FBS, fasting blood sugar; HbA1C, hemoglobin A1c; SD, standard deviation.
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CI: −4.696mmHg to 2.147mmHg] and the IVB+TD group [WMD: −3.441mmHg, 95% CI: −4.101mmHg to 
−2.78 mmHg, p < 0.01; Figure 3]. Further pairwise comparisons revealed no significant difference between the IVB 
vs the IVB+D groups or the IVB+D vs the IVB+TD groups (p = 0.45 and p = 0.22, respectively). However, the pairwise 
comparison between the IVB vs IVB+TD groups did show statistical significance (p < 0.01).

Figure 2 Forest plots of mean change in BCVA measurements. 
Abbreviations: BCVA, best corrected visual acuity; IVB, intravitreal bevacizumab; IVB+D, intravitreal bevacizumab with topical dorzolamide; IVB+TD, intravitreal 
bevacizumab with topical timolol–dorzolamide; SD, standard deviation; CI, confidence interval.
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Subgroup meta-analysis demonstrated an overall WMD of −78.875µm in central macular thickness (CMT) [95% CI: 
−118.606µm to −39.145µm]. There was no statistically significant difference between the WMD of the IVB group 
[−74.533µm, 95% CI: −86.756µm to −8.31µm], the IVB+D group [WMD: −88.9µm, 95% CI: −151.056µm to 
−26.744µm], and the IVB+TD group [WMD: −113.606µm, 95% CI: −197.59µm to −29.622µm, p = 0.27; Figure 4].

Figure 3 Forest plots of mean change in IOP measurements. 
Abbreviations: IOP, intraocular pressure; IVB, intravitreal bevacizumab; IVB+D, intravitreal bevacizumab with topical dorzolamide; IVB+TD, intravitreal bevacizumab with 
topical timolol–dorzolamide; SD, standard deviation; CI, confidence interval.
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Discussion
Our systematic review and meta-analysis aimed to evaluate the treatment plan for diabetic macular edema (DME) by 
comparing the effects of intravitreal bevacizumab (IVB) alone versus IVB combined with timolol-dorzolamide or 
dorzolamide drops.

Anti-VEGF intraocular injections, such as bevacizumab, are widely recognized as effective treatments for DME.12,32 

However, some patients exhibit resistance or a suboptimal response to anti-VEGF therapies.13,33 This phenomenon may 
be attributed to factors such as elevated anterior chamber outflow, which can expedite the clearance of anti-VEGF agents 
from the aqueous humor.13–15 Several studies have investigated the efficacy of combining anti-VEGF treatments with 
aqueous suppressant eye drops for managing macular edema, yielding mixed results.18,20–22

In our study, we compared three treatment groups for DME, all of which demonstrated significant improvements in 
best-corrected visual acuity (BCVA) and central macular thickness (CMT) at the final follow-up compared to baseline 

Figure 4 Forest plots of mean change in CMT measurements. 
Abbreviations: CMT, central macular thickness; IVB, intravitreal bevacizumab; IVB+D, intravitreal bevacizumab with topical dorzolamide; IVB+TD, intravitreal bevacizumab 
with topical timolol–dorzolamide; SD, standard deviation; CI, confidence interval.
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measurements. The most notable reduction in CMT was observed in the group receiving IVB combined with timolol- 
dorzolamide, followed by the IVB plus dorzolamide group, and lastly, the IVB-only group. Although the addition of 
timolol-dorzolamide showed better BCVA and CMT outcomes compared to the other two groups, the differences were 
not statistically significant. This is illustrated in Figures 1 and 2.

Intraocular pressure (IOP) measurements at the final follow-up indicated a decrease from baseline in the groups 
receiving topical drops, while the IVB-only group exhibited increased IOP levels, as shown in Figure 3. Notably, the IOP 
results in the IVB + timolol-dorzolamide group displayed high heterogeneity, likely due to variations in dosing 
frequencies of topical dorzolamide. For example, Sadr et al employed a regimen of three daily drops, whereas Fazel 
et al used a twice-daily schedule.21,22

In the discussion DME treatment, it is important to address the phenomenon of post-injection intraocular pressure 
(IOP) spikes. Intravitreal injections, including those of bevacizumab (IVB), can cause transient elevations in IOP 
immediately following the procedure. This spike in pressure is typically short-lived but can be a concern, especially in 
patients with pre-existing glaucoma or those at risk for optic nerve damage.34 The addition of topical IOP-lowering 
medications, such as timolol-dorzolamide or dorzolamide alone, to the treatment regimen may help mitigate these post- 
injection IOP spikes.34

Our study specifically focused on randomized controlled trials (RCTs) involving DME patients. While multiple 
studies have explored the effectiveness of carbonic anhydrase inhibitors, such as dorzolamide, in treating macular edema 
from various causes, our findings contribute uniquely to the understanding of DME treatment.35–40 Beyond its role as an 
aqueous suppressant, dorzolamide may also reduce macular edema by enhancing fluid transport through the retinal 
pigment epithelium and increasing choroidal blood flow.41,42 Additionally, beta-blockers, which serve as aqueous 
suppressants, may exert a downregulatory effect on VEGF and mitigate hypoxic conditions in the retina, as demonstrated 
in experimental animal studies.43

Despite the insights gained from our research, several limitations warrant consideration. The small sample size and 
the limited number of studies included in our analysis poses a significant constraint, primarily due to the underutilization 
of aqueous suppressant drops as adjunctive therapy to IVB in clinical practice. Consequently, the restricted number of 
eligible studies that met our inclusion criteria may limit the generalizability of our findings. Furthermore, during the 
statistical analysis, we noted the absence of demographic data for each intervention group. This lack of information 
hindered our ability to assess the homogeneity of the groups, which is crucial for drawing reliable comparisons and 
conclusions.

Nonetheless, our study provides valuable insights into the potential benefits of incorporating aqueous suppressant 
drops with IVB in managing DME. Future research should aim to address these limitations by conducting larger 
randomized trials with diverse participant populations and standardized treatment protocols.

Conclusion
In conclusion, our meta-analysis suggests that the addition of a combination drop containing a beta-blocker and a 
carbonic anhydrase inhibitor may enhance BCVA, CMT, and IOP outcomes more effectively in DME patients than either 
the addition of only a carbonic anhydrase inhibitor or the use of IVB alone. However, the observed improvements with 
IVB combined with timolol-dorzolamide were not statistically significant. The additional benefits of using a topical 
aqueous suppressant alongside IVB for DME treatment remain uncertain, complicating the ability to discern whether the 
observed effects are primarily attributable to IVB, the beta-blocker, or the carbonic anhydrase inhibitor.
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