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AbsTrACT
background/aims To compare the efficacy of 
combined intravitreal injection of bevacizumab and a 
Rho-kinase inhibitor, fasudil (intravitreal bevacizumab 
(IVB)/intravitreal fasudil (IVF)), with IVB alone for centre-
involving diabetic macular oedema (DME).
Methods In this prospective randomised clinical trial, 
44 eyes with centre-involving DME were randomised 
into two groups. The combined group received three 
consecutive injections of IVB (1.25 mg) and IVF (50 µM/L) 
monthly, while the monotherapy group received only one 
IVB (1.25 mg) injection per month for 3 months. Changes 
in best-corrected visual acuity (BCVA) and central 
macular thickness (CMT) were compared between the 
two groups at months 3 and 6. The primary outcome 
measure was the mean change in BCVA at month 6.
results Mean BCVA was significantly improved in 
both groups at month 3 (P<0.001), but it persisted up 
to month 6 only in the IVB/IVF group. Improvement of 
BCVA was greater in the IVB/IVF group at both time 
points (P=0.008, P<0.001). In the IVB/IVF and IVB 
groups, 54.5% versus 10% of the eyes gained≥15 
ETDRS letters at month 6 (P=0.026). Between months 
3 and 6, mean BCVA significantly decreased by 5±7 
ETDRS letters in the IVB group (P=0.002), while no 
significant deterioration was observed in the IVB/IVF 
group. Corresponding with the BCVA changes, CMT 
was significantly reduced in both groups at month 3 
(p=0.006, p<0.001) but this reduction sustained only in 
the IVB/IVF group up to month 6 (p<0.001).
Conclusion Adjunctive intravitreal injection of a 
Rho-kinase inhibitor may enhance and prolong the 
therapeutic effects of anti-vascular endothelial growth 
factor drugs for centre- involving DME.

InTroduCTIon
Diabetic macular oedema (DME) is the leading cause 
of decreased vision in patients with diabetes.1Cur-
rently, anti-vascular endothelial growth factor 
(VEGF) agents are the main treatment modality 
for DME.2This type of treatment, however, has 
some limitations. One of the principal mechanisms 
leading to an increase in retinal vessel permeability 
in patients with diabetes is endothelial cell damage. 
VEGF inhibition alone cannot control local inflam-
mation and stop the endothelial damage induced by 
leucocytes.3 4

An in vitro study showed that upregulation of 
the Rho/Rho kinase (ROCK) pathway in diabetes 
promotes leucocyte adhesion to the microvascu-
lature by affecting the expression of the adhesion 
molecules.5 A recent clinical study demonstrated 
that the serum levels of tumour necrosis factor 
(TNF)-α and its receptors were significantly 
elevated in patients with diabetes. TNF-α-in-
duced increased intercellular adhesion molecule-1 
(ICAM-1) expression was significantly suppressed 
by ROCK inhibitors.6

Fasudil, as a ROCK inhibitor, has been shown 
to inhibit leucocyte-induced endothelial damage in 
both in vitro and in vivo studies.7 8 Two previous 
human studies have demonstrated the safety and 
efficacy of intravitreal injection of fasudil in patients 
with severe DME.9 10

The present pilot clinical trial was conducted to 
compare the efficacy of combined intravitreal injec-
tion of fasudil and bevacizumab with the efficacy of 
intravitreal injection of bevacizumab alone in the 
management of severe DME.

MeThods
Participants
In this prospective randomised controlled trial 
(RCT), 44 eyes of 44 patients with diabetes 
mellitus type 2 were recruited at Labbafinejad 
Medical Center, Tehran, Iran, from October 2014 
to December 2015. Eyes with severe DME and 
best-corrected visual acuity (BCVA) <70 ETDRS 
letters equal to 20/40 Snellen visual acuity were 
included in this pilot RCT. Severe DME was defined 
as centre-involving macular oedema and central 
subfield macular thickness≥350µm associated with 
large cystoid changes with or without neurosensory 
detachment.10 11 Patients with active proliferative 
diabetic retinopathy and those with a history of 
vitrectomy were excluded from the study. In addi-
tion, eyes with a history of intravitreal bevacizumab 
(IVB) injection and/or macular laser photocoagula-
tion (MPC) during the past three months and eyes 
with a history of cataract surgery within the past 
six months were excluded. Furthermore, patients 
with glaucoma, vitreous haemorrhage, significant 
media opacity, traction on the macula or age-re-
lated macular degeneration were not included in 
this RCT. Pregnant women and patients with serum 
creatinine≥3mg/dL were excluded as well. This 
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study was registered at  ClinicalTrials. gov with the registration 
number NCT01823081.

Eligible subjects underwent comprehensive ophthalmic exam-
ination including BCVA assessment, anterior segment evaluation 
and tonometry. Meticulous fundus examination was conducted 
using a non-contact 78 D lens. Spectral-domain optical coher-
ence tomography (SD-OCT-1000; Topcon, Tokyo, Japan) with a 
6×6mm 3D macular scan protocol was performed. The correct 
location of the central fovea was determined by an expert retina 
specialist using the colour fundus images. OCT was performed at 
baseline and at months 3 and 6. Fluorescein angiography (FAG, 
Heidelberg Engineering, Germany) was performed at baseline. 
The FAG images were evaluated according to the consensus of 
two independent graders blinded to the experimental treatments; 
the graders defined macular ischaemia as a foveal avascular zone 
(FAZ) wider than 1000µm and/or broken perifoveal capillary rings 
at the borders of the FAZ with distinct areas of capillary non-per-
fusion within one disc diameter of the foveal centre in the transit 
phase of FAG.12 Based on these criteria, diabetic macular isch-
aemia was identified as absent or present. The agreement between 
the two graders was κ=75.6% (95%CI 55.6% to 95.76%).

The eligible eyes were randomly assigned into two groups: 
the combined (IVB/intravitreal injection of fasudil (IVF)) group 
and the monotherapy (IVB) group. The monotherapy group 
received only intravitreal injection of 1.25mg/0.05mL bevaci-
zumab (Avastin, made for F. Hoffmann-La Roche, Basel, Swit-
zerland, by Genentech, San Francisco, USA). In the combined 
group, however, intravitreal injection of 50µM per L/0.05mL 
fasudil (Asahi Kasei Pharma, Tokyo, Japan) and 1.25mg/ 0.05mL 
bevacizumab was performed with two different syringes and via 
separate routes, followed by anterior chamber paracentesis. 
Intravitreal injections were performed under sterile conditions 
3.5and 4 mm from the limbus in pseudophakic and phakic eyes, 
respectively.

In each group, three consecutive intravitreal injections were 
performed monthly. Then, follow-up was done up to month 6 
with no further injections. At months 3 and 6, BCVA and CMT 
were recorded and compared with the baseline measurements 
of each group. Based on the evaluation performed at month 6, 
retreatment with IVB injection was done if needed.

Main outcome measures
The primary outcome measure of this study was the mean 
change in BCVA at month 6 compared with the baseline value. 
The mean change in BCVA at month 3, the per cent of eyes 
gaining 15 ETDRS letters or more at months 3 and 6 and the 
mean changes in CMT at months 3 and 6 were secondary 
outcome measures. In addition, ocular complications especially 
intraocular inflammation and increased intraocular pressure and 
systemic side effects mainly hypotension and thromboembolic 
events were considered as secondary outcome measures.

sample size
To have a power of 90% to detect a difference of 10 ETDRS 
letters between the two study groups when the SD of BCVA in 
both groups was assumed to be 10 ETDRS letters, 21 eyes in 
each group was needed. Anticipating possible loss to follow-up, 
a total of 44 eyes (22 per group) were recruited and each eye 
was randomly assigned to one of two parallel groups in a 1:1 
allocation ratio.

randomisation
The permuted-block randomisation method was used, with 
the block length varied from 2 to 6. Random allocation was 

performed by a biostatistician blinded to the clinical informa-
tion. The random allocation sequence itself was generated by a 
computer program and concealed from the investigators.

blinding
BCVA evaluation and OCT were performed by a trained optome-
trist who was blinded to both the randomisation and the findings 
of the previous follow-up examinations. In addition, statistical 
analysis was performed on the coded data by a biostatistician 
who was blinded to the treatment conditions.

statistical analysis
Mean, SD, frequency and per cent were used to present data. 
To compare variables at baseline, the t-test, Mann-Whitney U 
test, χ2 and Fisher’s exact test were used where appropriate. In 
addition, the changes in BCVA and CMT from baseline were 
compared between the two groups by t-tests. Analysis of covari-
ance (ANCOVA) was used to compare the values of BCVA and 
CMT adjusted for the baseline at 3 and 6months. To compare the 
per cent of eyes gaining 15 ETDRS letters or more between the 
two groups, we used log-binomial regression analysis. In addi-
tion, a generalised estimating equation (GEE) model was used 
to compare the results throughout the study period, adjusting 
for the baseline values and other possible confounder variables. 
Changes within groups were evaluated by a linear mixed model, 
and multiple comparisons were performed by the Bonferroni 
method. All statistical analyses were performed in SPSS (V.23.0, 
IBM). P values <0.05 were considered statistically significant.

resulTs
A total of 44 eyes of 44 patients were assessed for eligibility. 
Of 44 patients, 22 (50%) were male. Patients’ mean age was 
57.9±8.4 years (range: 44–75 years). Two patients (two eyes) of 
the IVB group did not complete the 6-month follow-up; there-
fore, statistical analysis was performed on 42 eyes.

There was no statistically significant difference between the 
two groups regarding baseline parameters (table 1). The mean 
baseline BCVA in the IVB/IVF group was 48±17 ETDRS letters 
(approximately equal to 20/120 Snellen visual acuity) which 
significantly improved at month 3 (60±10 ETDRS letters; equal 
to 20/60; p<0.001) and month 6 (62±12 ETDRS letters; equal to 
20/60; p<0.001). In the IVB group, however, the improvement 
of BCVA was observed only at month 3 (from 57±16 ETDRS 
letters (20/70 Snellen visual acuity) at baseline to 63±11 ETDRS 
letters (20/60 Snellen visual acuity) at month 3 (p<0.001)). No 
significant visual improvement was noticed at month 6 compared 
with baseline in this group (p>0.99) (table 2). Improvement of 
mean BCVA at months 3 and 6 was significantly higher in the 
IVB/IVF group than in the IVB group (p=0.008 and p<0.001, 
respectively). Of 22 eyes in the IVB/IVF group, 9 (40.9%) eyes 
gained≥15 ETDRS letters at month 3; the corresponding value 
was 4 out of 20 eyes (20.0%) in the IVB group. This visual gain 
increased to 12 (54.5%) eyes in the IVB/IVF group but decreased 
to 2 (10.0%) in the IVB group at month 6 (relative risk=5.4, 
95%CI 1.2 to 24.4, p=0.026), (table 2). Between months 3 and 
6, mean BCVA significantly decreased by 5±7 ETDRS letters in 
the IVB group (p=0.002), while no significant deterioration was 
observed in the IVB/IVF group (p>0.99; figure 1).

CMT changes in both groups were in line with BCVA findings 
at both time points. Although CMT significantly decreased in 
both groups at month 3 (p=0.006, p<0.001), this reduction was 
statistically significantly more pronounced in the IVB/IVF group 
than in the IVB group (p<0.001) (table 3). At month 6, the mean 
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Table 1 Baseline characteristics of the IVB and IVB/IVF groups

Parameter Total

Group

P valuesIVb IVb/IVF

Age (years)

  Mean±SD 57.9±8.4 58.9±8.8 57.1±8.2 0.568*

  Median (range) 57.5(44–75) 60(44–75) 57(44–75)

Sex

  Male 22(52.4%) 12(60.0%) 10(45.5%) 0.346†

  Female 20(47.6%) 8(40.0%) 12(54.5%)

Stage of DR

  Moderate NPDR 20(47.7%) 13(66.7%) 7(31.8%) 0.121‡

  Severe NPDR 12(28.5%) 3(16.7%) 9(40.9%)

  Regressed PDR 10(23.8%) 4(16.7%) 6(27.3%)

Macular ischaemia

  No 27(63.3%) 15(75.0%) 12(55.0%) 0.442§

  Yes 15(36.7%) 5(25.0%) 10(45.0%)

Previous IVB injections 
(%)

  No 14(33.3%) 6(30%) 8(36.4%) 0.662†

  Yes 28(66.7%) 14(70%) 14(63.6%)

Previous IVB injections (n)

  Mean±SD 2.2±2.1 2.6±2.5 2±1.9 0.447‡

  Median (range) 2(0–8) 2(0–8) 1(0–6)

Previous MPC sessions

  Mean±SD 0.6±1.3 0.5±1.4 0.7±1.2 0.523‡

  Median (range) 0(0–5) 0(0–5) 0(0–4)

Previous IVT injections (%)

  No 38(90.5%) 16(77.8%) 22(100.0%) 0.142§

  Yes 4(9.5%) 4(22.2%) 0(0.0%)

FBS (mg/dL)

  Mean±SD 184.4±75.3 181.3±69.6 186.7±81.5 0.854*

  Median (range) 167(82–359) 163(104–359) 167(82–359)

Creatinine (mg/dL)

  Mean±SD 1.09±0.27 1.1±0.16 1.08±0.33 0.831*

  Median (range) 1(0.6–1.83) 1.05(0.88–1.4) 1(0.6–1.83)

  HbA1c

  Mean±SD 7.9±1.4 7.4±1 8.2±1.5 0.188*

  Median (range) 7.9(5.8–10.3) 7.5(5.8–8.8) 8.7(6.3–10.3)

  BUN (mg/dL)

  Mean±SD 22.69±5.41 25.93±3.58 20.25±5.62 0.190*

  Median (range) 23(13–29) 26.8(22–29) 21(13–26)

*Based on t-test.
†Based on χ2 test.
‡Based on Mann-Whitney test.
§Based on Fisher’s exact test.
BUN, blood urea nitrogen; DR, diabetic retinopathy; FBS, fasting blood sugar; 
IVB, intravitreal injection of bevacizumab;IVB/IVF, intravitreal injection of both 
bevacizumab and fasudil; IVT, intravitreal injection of triamcinolone acetonide; 
MPC, macular photocoagulation; NPDR, non-proliferative diabetic retinopathy; PDR, 
proliferative diabetic retinopathy.

CMT reduction in the IVB group was no longer statistically 
significant compared with the baseline value (p>0.99). In the 
IVB/IVF group, however, this statistically significant reduction 
persisted (p<0.001) (table 3). Between months 3 and 6, mean 
CMT changed in opposite directions in the two groups: it showed 
an increase in the IVB group from 439±112to 509±120µm 
(p=0.018), whereas its decreasing course continued with a 
reduction from 373±100 to 356±119µm (p=0.664) in the IVB/
IVF group (figure 2).

According to GEE analysis, the IVB/IVF group showed 5.2 
ETDRS letters more visual improvement (95%CI 1.1 to 9.3, 
p=0.013) and 107µm more CMT reduction (95%CI 54 to 160, 
p<0.001) than the IVB group over the 6-month study period.

The simultaneous effects of all baseline parameters on BCVA 
and CMT were also evaluated using GEE analysis, which showed 
a positive relationship between the baseline BCVA and the BCVA 
assessed throughout the study period (p<0.001). In addition, 
eyes with macular ischaemia showed, on average, 7.3 (95%CI 
5.9 to 8.7, p<0.001) ETDRS letters lower BCVA than eyes with 
no macular ischaemia, adjusted for the factors mentioned in 
table 1.

Regarding the CMT, the baseline CMT was positively related 
to the CMT measured throughout the study period (p<0.001). 
CMT was 83µm (95%CI 47 to 120, p<0.001) higher in eyes 
with macular ischaemia than in eyes with no macular ischaemia, 
adjusted for all baseline parameters. Other factors were not 
significantly related to BCVA and CMT during the study period 
(p>0.05).

An exploratory analysis of the subgroup with macular isch-
aemia revealed that visual improvement in the IVB group was 
4±7 ETDRS letters compared with 12±5 ETDRS letters in the 
IVB/IVF group at month 3, with a statistically significant differ-
ence between the two groups (p=0.020). At month 6, the IVB 
group lost 7±8 ETDRS letters, while the IVB/IVF group gained 
11±7 ETDRS letters compared with the baseline (p<0.001). 
CMT changes in this subgroup were consistent with the BCVA 
changes comparing the two groups at month 6 (p=0.007). No 
ocular or systemic adverse events were observed in the study 
groups.

dIsCussIon
This pilot randomised clinical trial examining severe cases of 
centre-involving DME demonstrated significant improvements 
of BCVA and reductions of CMT after three intravitreal injec-
tions in both the bevacizumab monotherapy and combined beva-
cizumab and fasudil groups 3 months after the first injection. 
However, the beneficial effects of treatment on both BCVA and 
CMT were statistically and clinically more significant in the 
combined group than in the monotherapy group. The treat-
ment effect decreased gradually in the monotherapy group and 
returned to near-baseline values in terms of BCVA and CMT 
within 3 months after the cessation of intravitreal injection. 
However, the beneficial therapeutic effects on BCVA and CMT 
persisted up to month 6 in eyes receiving combined IVB and 
fasudil. In addition to the difference in mean BCVA changes in 
favour of the combined group, the proportion of cases gaining 
15 or more ETDRS letters was clinically more pronounced in 
the combined group than in the monotherapy group at both time 
points, reaching a statistically significant difference at month 6.

DME has a complex pathogenesis.2In addition to the upreg-
ulation of VEGF, inflammation has also a crucial role in 
increasing retinal vascular permeability in patients with diabe-
tes.13–15In vitro and in vivo studies have shown that inhibition 
of the ROCK pathway via intravitreal injection of fasudil effec-
tively suppresses increased intercellular adhesion molecule-1 
(ICAM-1) expression and leucocyte adhesion to retinal endo-
thelial cells in diabetic animals.16 17Moreover, fasudil prevents 
endothelial damage even when leucocytes are firmly adhered 
to the endothelium via restoration of endothelial nitric oxide 
synthase (eNOS) phosphorylation.18

The 3-month results of the current RCT showed significant 
improvement of anatomical and functional outcomes compared 
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Table 2 Best-corrected visual acuity (ETDRS) after intravitreal injection in the IVB and IVB/IVF groups

Time point Total

Group

difference

95%CI

P valuesIVb IVb/IVF lower upper

Baseline

  Mean±SD 52±19 57±16 48±17 9 −1 19 0.086*

Month 3

  Mean±SD 62±11 63±11 60±10 −7 −12 −2 0.003†

Change (baseline—3)

  Mean±SD 9±7 7±6 12±6 −5 −9 −1 0.008*

  ≥15 ETDRS letters 13(31.0%) 4(20.0%) 9(40.9%) −20.9 −49.7 7.9 0.150‡

  P-Within§ <0.001 <0.001

Month 6

  Mean±SD 60±13 58±13 62±12 −13 −24 −1 0.029†

Change (baseline—6)

  Mean±SD 7±11 1±10 13±9 −12 −18 −6 <0.001*

  ≥15 ETDRS letters 14(33.3%) 2(10.0%) 12(54.5%) −44.5 −70.7 −18.4 0.006‡

  P-within§ >0.99 <0.001

*Based on t-test.
†Adjusted for the baseline, based on analysis of covariance.
‡Based on logistic regression.
§Based on linear mixed model, multiple comparison considered by Bonferroni method.
IVB, intravitreal injection of bevacizumab; IVB/IVF, intravitreal injection of both bevacizumab and fasudil.

Figure 1 Mean and its 95% CI for the best-corrected visual acuity (BCVA) of the two groups at 3-month and 6-month follow-ups. IVB, intravitreal 
bevacizumab; IVF, intravitreal injection of fasudil.

with the baseline in both study groups; however, the beneficial 
effects of treatment were significantly more prominent in the 
combined group compared with the monotherapy group. More 
importantly, after the cessation of injections, BCVA and CMT 
returned to the baseline in the monotherapy group, while the ther-
apeutic effects persisted up to 6months in the combined group. 
These findings may be due to the additional effects of fasudil via 
a VEGF-independent mechanism. The increased sustainability of 
the treatment effects in addition to the enhanced functional and 

anatomical improvements may be the most pronounced aspects 
of this type of combination therapy.

The results of our study revealed that eyes with macular isch-
aemia had less favourable visual outcomes than other eyes with 
DME, which is in agreement with previous studies.19 20 Eyes 
with macular ischaemia which received the combination of IVB 
and IVF experienced significantly better visual and anatomical 
outcomes than eyes that underwent IVB injection alone. This 
finding may be attributable to the ROCK inhibition-induced 
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Table 3 Central macular thickness after intravitreal injection in the IVB and IVB/IVF groups

Parameter Total

Group

difference

95%CI

P valuesIVb IVb/IVF lower upper

Baseline

  Mean±SD 528±100 511±96 543±102 −33 −94 30 0.558*

Month 3

  Mean±SD 405±109 439±112 373±100 95 51 139 <0.001†

Change (baseline—3)

  Mean±SD −123±88 −72±83 −170±64 98 51 144 <0.001*

  P-within‡ 0.006 <0.001

Month 6

  Mean±SD 429±141 509±120 356±119 192 136 248 <0.001†

Change (baseline—6)

  Mean±SD −100±136 0±87 −191±105 191 129 253 <0.001*

  P-within‡ >0.99 <0.001

*Based on t-test.
†Adjusted for the baseline, based on analysis of covariance.
‡Based on linear mixed model, multiple comparison considered by Bonferroni method.
IVB, intravitreal injection of bevacizumab; IVB/IVF, intravitreal injection of both bevacizumab and fasudil.

Figure 2 Mean and its 95% CI for the central macular thickness (CMT) of the two groups at 3-month and 6-month follow-ups. IVB, intravitrea 
linjection of bevacizumab; IVF, intravitreal injection of fasudil.

vasodilation secondary to increased eNOS.21 In addition, ROCK 
inhibition may reduce the endothelial cell damage by adhered 
leucocytes, explaining the short-term beneficial effects of fasudil 
in eyes with DME associated with macular ischaemia.

Previous in vivo studies showed that intravitreal injection 
of up to 100 µM/L fasudil in rat eyes did not cause apparent 
electrophysiological or morphological changes in the retinal 
tissues.22 In addition, our previous case series revealed the safety 
of intravitreal injection of fasudil in patients with diabetes.9 10 
These studies showed no significant intraocular inflammation 
or retinal toxicity in eyes receiving intravitreal fasudil. In addi-
tion, these studies demonstrated that combined intravitreal 
injection of bevacizumab and fasudil resulted in a significant 

visual improvement and CMT reduction in eyes with severe and 
refractory DME.9 10 Similarly, no adverse events were observed 
in patients undergoing intravitreal injection of combined bevaci-
zumab and fasudil in the current study.

In order not to deprive the patients of an established treat-
ment, this pilot RCT was designed to assess the additive effects 
of an intravitreal ROCK inhibitor in combination with a VEGF 
inhibitor in the first step. With the observation of its beneficial 
additive effects, the efficacy of intravitreal fasudil alone in the 
treatment of DME may be evaluated in the future studies.

The shortcomings of this study included lack of FAG data 
at months 3 and 6, short follow-up period and no evaluation 
of the possible effects of combined fasudil and bevacizumab 
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on the superficial and deep macular plexus using OCT 
angiography.

In summary, this pilot RCT showed that using an intravit-
real ROCK inhibitor as an adjunct to IVB is likely to promote 
the efficacy and increase the durability of anti-VEGF drugs in 
the treatment of severe DME. Larger clinical trials with longer 
follow-ups are recommended. Further studies are also needed to 
assess the pharmacokinetics of intravitreal fasudil.
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