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Abstract
Background: Calcium dobesilate (CaD) had been used in the treatment of diabetic retinopathy (DR) due to
its potential in protecting against retinal vascular damage. However, it did not reduce the risk of
development of diabetic macular edema (DME). The aim of this study was to investigate the effect of
CaD plus intravitreal ranibizumab in the treatment of DME.

Methods: This retrospective, observational, consecutive case control study enrolled patients newly
diagnosed with DME who received intravitreal ranibizumab (IVR) administration with 3-monthly loading
dose injection followed by pro re nata (3+PRN) regimen with or without CaD orally daily for at least 12-
month follow-up. Medical records and optical coherence tomography (OCT) results were reviewed and
compared at baseline and at 3, 6, and 12 months after injection.

Results: A total of 102 eyes from 102 patients were enrolled in this study. Fifty-four patients received IVR
combined with CaD orally (IVR+CaD group), while forty-eight patients received IVR solely (IVR group). No
statistically significant differences were found in the general condition of patients between the two
groups at baseline (P > 0.05). At every follow-up, 3, 6 and 12 months after injection, the best corrected
visual acuity (BCVA) improved and the central macular thickness (CMT) decreased in both groups when
compared with those at baseline (P < 0.05), while there were no significant differences in BCVA
improvement and CMT reduction between the two groups (P > 0.05). The mean number of ranibizumab
injections in R+C group was significantly lower than that in R group (5.4 ± 1.1 injections versus 6.7 ± 1.6
injections, P<0.05) within 1-year treatment. No adverse events were found in neither groups.

Conclusions: Adding oral CaD to intravitreal ranibizumab was demonstrated to have similar effectiveness
and safety for improving visual function and restoring the anatomy of the retina in macular with fewer
injections in DME patients.

Background
Diabetic macular edema (DME), characterised by exudative fluid accumulation in the macula, is the
leading cause of visual impairment in patients with diabetes mellitus (DM)[1, 2]. The blood retinal barrier
(BRB) is vital for maintaining the normal structure and function of the retina, and DME is caused by its
failure[3]. The disruption of BRB is associated with an increase in the level of vascular endothelial growth
factor (VEGF), intercellular adhesion molecule-1 (ICAM-1), interleukin-6 (IL-6), monocyte chemotactic
protein-1 (MCP-1), and other inflammatory factors[3]. Therefore, anti-VEGF[4, 5] and other anti-
inflammatory agents[6] become the main treatment way to deal with DME after laser photocoagulation.
Although intravitreous aflibercept, bevacizumab, or ranibizumab had been proved to improve vision
function in eyes with center-involved DME in a comparative effectiveness randomized clinical trial
conducted by Diabetic Retinopathy Clinical Research Network [7], there were still a significant number of
patients with poor response to anti -VEGF treatment or without sustained improvement in visual acuity.
Although VEGF inhibitor therapy had been shown to be a cost-effective treatment for DME that had
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reduced the incidence of vision loss and could reduce the associated economic and social cost[8],
continuous intravitreal injection treatment also brings a high economic burden to patients, especially in
developing countries. Therefore, intravitreal anti-VEGF agents in combined with other therapy, such as
intravitreal triamcinolone acetonide[9], or Rho-kinase inhibitor[10], or methotrexate[11], subthreshold
micropulse laser[12, 13], macular grid laser photocoagulation[14], sub-tenon steroid injection[15], or
switching anti-VEGF treatment to intravitreal dexamethasone implant[6, 16–18], was investigated in DME
patients.

Calcium dobesilate (CaD) is a vascular protective drug that has been used in DR treatment in past
decades[19–21] by its effect in preventing the oxidative stress and inflammation[22]. It can protect blood
vessels and improve circulation by lowering blood viscosity, inhibiting platelet activity and reducing
capillary permeability[23, 24]. Nonetheless, the potential beneficial effects of CaD on DME patients when
combined with intravitreal anti-VEGF agents was still not clear. Therefore, in this study, we investigated
the effectiveness and safety of combined therapy of CaD with anti-VEGF agents in patients with DME.
The primary outcome of this study was BCVA and CMT change after the treatment and the second
outcome was the number of ranibizumab injections administered during the follow-up period.

Methods

Patient selection
A retrospective, observational, case control study was conducted on patients with treatment-naive center-
involved DME (CIDME), who received intravitreal ranibizumab treatment in the department of
ophthalmology, Changyi Peoplie's Hospital with one-year follow-up period. Patients with type 2 diabetes
mellitus and clinically significant DME, according to the criteria developed by ETDRS[25] were included in
the study, and the flowchart (Fig. 1) indicated the protocol to select the patients.

This study adhered to the tenets of the Declaration of Helsinki and was approved by the Ethics
Committee of Changyi People's Hospital. Informed consent was obtained from all of the patients or their
guardians before initiation of intravitreal pharmacotherapy. The medical records were retrospectively
reviewed after approval was received from the Institutional Review Board, Changyi People's Hospital.

Data collection
The clinical data retrieved from medical records included demographic information, general medical
history, history of any previous ocular conditions, previous treatments for DME. All participants underwent
a detailed ophthalmologic examination, including best corrected visual acuity (BCVA), slit-lamp
biomicroscopy, intraocular pressure measurement, fundus examination under pupil dilation, and macular
scan by SD-OCT (Cirrus HD-OCT with software version 6.0; Carl Zeiss Meditec, Dublin, CA, USA), before
the treatment and at each follow-up. The central macular thickness (CMT) was defined as the retinal
thickness of the central 1.0 mm at OCT B-scan.
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In addition, the occurrence of any complications during the perioperative period and postoperative follow-
up were also analyzed for safety evaluation.

Treatment protocol
A 3 + PRN regimen was used in this study. After 3-monthly loading dose injection of intravitreal
ranibizumab (IVR), patients received re-injection if needed. The criteria for re-injection was similar as
described previously[26]. At each visit, patients underwent visual acuity assessment and OCT scan for
macular thickness assessment. If BCVA and OCT were stable for 2 consecutive visits, reinjection was
suspended, while if worsening of BCVA (> 5 letter loss) or OCT (increase > 10%) was noticed at follow-up,
reinjection was given.

In IVR group, patients received IVR injection only as mentioned above, while in IVR + CaD group, patients
received capsules of CaD (1500 mg per day in three divided doses of 500 mg) besides IVR injection.

Statistical analysis
All data were analyzed using the SPSS (version 11.5, SPSS Inc., Chicago, IL, USA). BCVA measurements
were converted to logMAR equivalents for statistical analysis. Pearson chi-square test was used for
comparative analyses of categorical variables. The independent sample t-test and paired t-test were
employed to analyze changes in BCVA and CFT. For all statistical tests, p < 0.05 was considered
significant.

Results
Between January 2017 and March 2020, 102 patients (mean age of 57.72 ± 9.91, rang of 42-69 years)
were enrolled in the present study, which 63 patients (61.76%) were male and 39 patients (38.24%) were
female. Fifty-four patients, who received IVR combined with CaD orally, were referred as IVR+CaD group,
while forty-eight patients, who received IVR solely, were referred as IVR group.

Table 1 shows the baseline characteristics for the study population. There was no significant difference
between the two groups in terms of gender, age, history of smoking and drinking, other comorbidities
except diabetes, the course of diabetes and HbA1c.

As shown by table 2, after IVR administration with 3-monthly loading dose injection, the BCVA (logMAR)
significantly increased from 0.35±0.12 to 0.24±0.09 (p＜0.05) in IVR group and increased from 0.32±0.15
to 0.23±0.10 (p＜0.05) in IVR+CaD group, and the BCVA maintained satisfactory during the treatment until
the end of the follow-up in both groups. Meantime, the CMT significantly decreased from 427±172 μm to
286±69 μm (p＜0.05) in IVR group and decreased from 412±185 μm to 277±92 μm (p＜0.05) in IVR+CaD
group, and the CMT also maintained during the treatment until the end of the follow-up in both groups.
No significant difference was found in BCVA and CMT between two groups at baseline and every follow-
up period.
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Within one year of IVR treatment by 3+PRN regimen, the mean injection number in IVR group was 6.7 ±
1.6, which was significantly more than that in IVR+CaD group (5.4 ± 1.1, p＜0.05).

As for complications during the treatment, there were no ocular complications, such as endophthalmitis,
vitreous hemorrhage, and retinal detachment, and no serious systemic adverse events such as cerebral
infarction or myocardial infarction in neither groups. 

Discussion
DME, also considered as diabetic maculopathy, is one of the most important causes of vision loss among
people with diabetes around the world[2]. Although the advent of anti-VEGF agents has greatly improved
the treatment effect of DME patients, and intravitreal injection of anti-VEGF agents has become the first
line therapy for DME, there are still some patients who response poorly to the treatment.

CaD (calcium 2,5-dihydroxybenzenesulfonate) is a vascular protective drug which has been proved to
have beneficial effects in vascular diseases such as chronic venous insufficiency and haemorrhoids[27]
and is extensively used to treat diabetic retinopathy[28–30], choronic venous insufficiency[31] and
multiple microangiopathic diseases[32]. In previous studies, the potential mechanisms of CaD improving
microcirculation and reducing micro-vascular injury had been investigated as follows[21]: (1) reducing
platelet aggregation caused by thrombin or collagen[33]; (2) significantly protecting peritoneal vascular
from reactive oxygen species (ROS) effects of penetration[34]; (3) inhibiting capillary permeability[35]; (4)
alleviating the chronic inflammatory state and improving endothelial cell function[36, 37]; (5) reducing
endothelial shedding by the synthesis and release of nitric oxide (NO)[38]; (6) reducing platelet
aggregation by inhibiting prostaglandin and reduce erythrocyte aggregation and viscosity of
suspension[24]; (7) down-regulating the expression of VEGF and fibroblast growth factor (FGF) to inhibit
vascular endothelial cell proliferation[39]; (8) restoring autophagy by inhibiting the
VEGF/PI3K/AKT/mTOR signaling pathway[40]. Therefore, based on these mechanisms mentioned above,
CaD should be effective in the treatment of macular edema. However, in previous studies on the
treatment of DME, CaD was found to show neither effect on reducing the risk of development of DME[27],
nor statistically significant difference when compared with placebo in respect to combining with laser
photocoagulation on the macular thickness in DME patients[41]. These results made it controversial for
the role of CaD in the treatment of macular edema. When we reviewed the literatures about the treatment
of CaD for DME, we found that both the two studies were published relatively early, which were earlier
than the wide application of anti-VEGF agents in clinic, and no studies had explored the effectiveness and
safety of oral CaD combined with anti-VEGF treatment. Therefore, our findings, for the first time, showed
that compared with anti-VEGF monotherapy, CaD combined with anti-VEGF agents had the similar effect
in improving visual function and reducing the CMT in DME patients, and it could reduce the number of
intravitreal injection and decrease the economic burden during the 1-year follow-up period.

So far, although the exact mechanism of DME is still unclear, abnormally increased levels of VEGF and
inflammatory mediators, and subsequently the breakdown of BRB was considered to play vital role in the
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formation of macular edema in diabetes[2]. Accordingly, with the emergence of anti-VEGF and anti-
inflammatory agents, they gradually became the first-line treatment[42, 43] or treatment with good
prospects[44, 45]. The effect of CaD on down-regulating VEGF and inhibiting VEGF-related pathways
might have a synergistic effect with the inhibition of VEGF by anti-VEGF agents[46]. This might partly
explain why oral CaD alone has no therapeutic effect on DME, but it can reduce the number of intravitreal
injections when combined with anti-VEGF agents within 1-year follow-up period. In addition, this kind of
treatment combination was safe proved by the present study. Neither systemic, nor local complication
was found during the treatment. The result showed that although CaD inhibited the expression of VEGF
by cooperating with anti-VEGF agents, and therefore prolonged the treatment duration of anti-VEGF
agents, but it did not increase the risk of treatment secondary to VEGF inhibition. This might explain why
the application of CaD alone has no effect in the treatment of DME on the other hand.

Conclusions
In conclusion, oral CaD combined with intravitreal ranibizumab was demonstrated to have similar
effectiveness and safety as anti-VEGF monotherapy for improving visual function and restoring the
anatomy of the retina in macular with fewer injections in DME patients. Adding oral CaD might be a
feasible way to reduce injection number and decrease the economic burden of treatment in DME patients
who received anti-VEGF therapy.
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Tables
Table 1: Baseline characteristics of total study population


 IVR (n=48) IVR+CaD (n=54) p value

gender (male/female) 31/17 32/22 ＞0.05

age (years) 56.91±9.41 58.35±10.26 ＞0.05

smoking (yes/no) 28/20 29/25 ＞0.05

drinking (yes/no) 19/29 25/29 ＞0.05

comorbidity (yes/no) 17/31 18/36 ＞0.05

course (years) 10.51±4.37 11.05±5.14 ＞0.05

HbA1c (%) 7.45±2.03 7.81±1.92 ＞0.05

Table 2 Changes of CMT and BCVA after the treatment

BCVA (logMAR) CMT (μm)

IVR (n=48) IVR+CaD (n=54) p value IVR (n=48) IVR+CaD (n=54) p value

Baseline 0.35±0.12 0.32±0.15 ＞0.05 427±172 412±185 ＞0.05

At 3 month 0.24±0.09* 0.23±0.10* ＞0.05 286±69* 277±92* ＞0.05

At 6 month 0.26±0.11* 0.25±0.08* ＞0.05 275±73* 271±80* ＞0.05

At 12 month 0.25±0.13* 0.24±0.11* ＞0.05 269±77* 249±87* ＞0.05

* represent p＜0.05 when compared with corresponding parameters at baseline.

Figures
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Figure 1

The flowchart indicated the protocol how to select the patients in this study.


