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Background and Obijective: Central retinal vein occlusion (CRVO) is a common age-related
vascular retinal disorder and is a condition in which the main vein of the retina is blocked partially
or completely. This leads to macular edema (ME) and can cause blurred vision and loss of visual
function. The aim of this study is evaluating the prognostic factors of visual acuity (VA) and macular
thickness (MT) changes in response to intravitreal bevacizumab therapy.

Methods: In this historical cohort study, 107 patients with CRVO were examined and their
hypertension, hyperlipidemia and diabetes mellitus status were recorded. All of the patients were
treated with an intravitreal injection of 1.25 mg/0.05 ml bevacizumab. Visual acuity and macular
thickness were examined at baseline and at all follow-up visits. Follow-up examinations were
performed for three months and then VA and MT changes were analyzed.

Findings: After the intervention with bevacizumab, there was significant improvement in MT
(0.104+£0.13 versus 0.296+0.22) and VA (425.41+64 versus 325.94+51.82) (p<0.001, for both). The
improvement of MT in response to bevacizumab therapy in hyperlipidemic patients was significantly
less than patients with normal lipid profile (p=0.035). No significant relationship was found between
MT reduction and hypertension or diabetes mellitus. Also, no significant relationship was observed
between VA improvement and hyperlipidemia, hypertension, diabetes mellitus, age and gender.
Conclusion: Bevacizumab therapy was effective to successfully improve VA and MT.
Hyperlipidemia has prognostic value in bevacizumab therapy in CRVO patients.

Keywords: Retinal Vein Occlusion, Bevacizumab, Vascular Endothelial Growth Factor, Visual
Acuity.
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Introduction

Central retinal vein occlusion (CRVO) is a common age-related vascular retinal disorder and is
a condition in which the main vein of the retina is blocked partially or completely. This leads to macular
edema (ME) and can cause blurred vision and loss of visual function (1). Various factors are involved
in CRVO pathogenesis but its specific cause is still unknown. Blocks of central retinal vein due to
blood clots or reduced blood flow leads to CRVO development. Many studies approved that a large
number of conditions may increase the risk of CRVO such as high levels of blood glucose, high blood
pressure, increased levels of lipids profile, coagulation disorders and other predisposing factors for clot
formation (2-4).

Increased levels of vascular endothelial growth factor (VEGF) have been observed in vascular retinal
disorders like CRVO (5, 6). VEGF have many biologic effects including neovascularization, angiogenesis
and it may also induce macular edema by increasing the permeability of retinal vessels and disrupting the
blood-retina barrier, which leads to bleeding propensity. Therefore, VEGF inhibition could be a promising
treatment for CRVO. According to the results of the clinical trials, periodic intravitreal injections of an anti-
VEGF drug into the eye can decrease the newly blood vessel growth and swelling (7, 8).

Anti-VEGF drugs consist of bevacizumab (Avastin), ranibizumab (Lucentis), and aflibercept (Eylea).
However, treatment with anti-VEGF drug is temporary and re-injection is often needed. In the last two
decades, there is a lot of evidence of intravitreal injection of bevacizumab (Avastin) as a full-length,
humanized, anti-VEGF monoclonal antibody that leads to improved visual acuity (VA) and decreases
central retinal thickness (CRT) or macular thickness (MT) in CRVO (9, 10). The response to bevacizumab
therapy in some patients is weak or not effective, despite multiple intravitreal injections (11).

It is still unclear which factors play a role in determining the rate of response to bevacizumab therapy.
As earlier mentioned, diabetes, hypertension and hyperlipidemia are the risk factors for CRVO, and maybe
they can be effective on the response to the bevacizumab and in fact, they can be considered as potential
predictors of anti-VEGF therapy outcomes (12-14). In this study, we survey the role of some risk factors
such as hypertension, hyperlipidemia, and diabetes mellitus in response to intravitreal bevacizumab therapy
in CRVO patients.

Methods

After being approved by the Ethics Committee of Babol University of Medical Sciences with code
IR.MUBABOL.HRI.REC.1398.145, this historical cohort study was conducted among 107 patients with
CRVO who were conferred to the Ophthalmology center of Ayatollah Rouhani Hospital affiliated to Babol
University of Medical Sciences from 2014 to 2020. Informed written consent form was collected from each
patient and the experimental application of bevacizumab was explained in detail to each patient and all of
them agreed with it. Patients were only included if they had no other ocular disease and were not previously
treated for retinal vein occlusions. Inclusion criteria were sudden vision loss, vascular tortuosity and
dilatation in four quadrants of retina found by fundoscopy. Exclusion criteria included the presence of
diabetic retinopathy, age-related macular degeneration and retinal detachment.

Before injection, all patients underwent some ophthalmological examination, including VA and optic
coherence tomography (OCT). Macular evaluation was performed using Stratus OCT (Carl Zeiss Meditec
Inc., Dublin, CA, USA) and MT was measured using Retinal Map analysis protocol. The same situation
was selected for MT measurement before and after intervention based on the characteristic morphology of
the retinal vessels. Also, an accurate history of the underlying diseases and medications was obtained from

Journal of Babol University of Medical Sciences, 2022; 24(1): 179-188


http://dx.doi.org/10.22088/jbums.24.1.179
https://dor.isc.ac/dor/20.1001.1.15614107.1401.24.1.23.9

[ DOR: 20.1001.1.15614107.1401.24.1.23.9]

[ DOI: 10.22088/jbums.24.1.179 ]

The Correlation between Predictive Factors and Intravitreal Bevacizumab .../ S. A. Rasoulinejad, et al 181

each patient including blood pressure, blood glucose and lipid profile to determine hypertension (blood
pressure>140/90 mm Hg), hyperlipidemia (cholestrol>200 mg/dL, triglyceride>150 mg/dL) and diabetes
(fasting plasma glucose >126 mg/dL) in CRVO patients.

Then, patients were treated with an intravitreal injection of 1.25 mg/0.05 ml bevacizumab (Avastin®,
Roche, Germany) in the distance of 3-4-millimeter of limbus (3 mm in aphakia and pseudophakia patients,
and 4 mm in phakic patients) under sterile conditions. To prevent unwanted infections, antibiotics were
prescribed for a week, starting three days before the injection. Follow-up examinations was performed for
three months.

Statistical analysis was performed with SPSS 21.0 software. VA was converted to logMAR to analysis
and MT was evaluated in micrometers (um) for all patients. Quantitative variables are described with
Mean£SD and qualitative variables as percentages. T-test was performed to evaluate changes in VA and
MT with 95% CI. Multivariate analysis of covariance (MANCOVA) was employed to compare the variables
in the presence of risk factors and Wilks’ Lambda was used for multivariate analysis. Correlation between
VA and MT before and after bevacizumab intervention was calculated using Pearson correlation. The level
of significance was set at p<0.05 for all statistical tests.

Results

A total of 107 eyes in 107 patients were reviewed (n=107). The age of patients ranged from 32 to 84
years and the average age of the patients was 57.37+10.698 years. 54 (50.5%) of them were female and 53
(49.5%) were male. In this study, 90 (84.1%) of patients had hypertension, 58 (54.2%) of them had
hyperlipidemia and 41 (38.3%) had diabetes mellitus (Table 1).

Table 1. Patients characteristics and the changes of MT and VA before and after intervention

Parameters .
Patients (n=107) | p-value
Number (%) or Mean£SD
Gender
Female 54(50.5)
Male 53(49.5)
Age (year) 57.37+10.69
Risk factors
Hypertension 90(84.1)
Hyperlipidemia 58(54.2)
Diabetes mellitus 41(38.3)
Macular Thickness (um)
Before injection 425.41+64 <0.001"
After injection 325.94+51.82
Visual Acuity (LogMAR)
Before injection 0.104+0.13 <0.001"
After injection 0.296+0.22

*Macular thickness and visual acuity were significantly improved compared with before injection.
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Moreover, there was significant difference in MT and VA before and after the intervention with
bevacizumab (p<0.001, for both). The mean MT of patients before intervention was 425.41+64 pm and after
intravitreal injection significantly decreased into 325.94451.82 pm. Also, the mean VA of patients increased
after intravitreal injection of bevacizumab (p<0.001), indicating that bevacizumab therapy was effective to
successfully improve the VA and MT. Univariate analysis in hyperlipidemic patients injected with
bevacizumab showed that the response to treatment (MT reduction) was significantly less than other risk
factors (p=0.035) (Table 2).

Table 2. The relationship between variables (MT or VA) and risk factors in response to
bevacizumab therapy

Multivariate Analysis Univariate Analysis
Source N Macular Thickness Visual acuity
Wilks” Lambda | p-value Partial Eta Squared | p-value | Partial Eta Squared | p-value

Gender 0.986 0.496 0.012 0.282 0.006 0.448
Hypertension 0.991 0.633 0.008 0.376 0.003 0.56
Hyperlipidemia 0.921 0.017 0.044 0.035 0.019 0.169
Diabetes mellitus 0.988 0.555 0 0.932 0.012 0.284
Age 0.982 0.405 0.003 0.561 0.018 0.186

In the other words, MT after intravitreal injection of bevacizumab of hyperlipidemic patients was
significantly higher than patients without hyperlipidemia (p=0.015) (Figure 1-A) and the MT changes
(AMT) before and after treatment in hyperlipidemic patients was less than patients without hyperlipidemia.
Also, the multivariate analysis found a significant association between variables of VA and MT and
hyperlipidemia (p=0.017).

The average relative percentage change (y) of MT improvement in hyperlipidemic patients was -21.42%,
meaning that MT on average decreased by 21.42% in patients with hyperlipidemia, but the average relative
percentage change of MT reduction in patients without hyperlipidemia was -24.24%. Therefore, due to
the obvious difference between the average relative percentage changes, the improvement of MT in
response to bevacizumab therapy in hyperlipidemic patients was less than patients with normal lipid profile
(Figure 2-A).

Considering the response to intravitreal injection of bevacizumab, no significant relationship was found
between MT reduction and hypertension (p=0.376) or diabetes mellitus (p=0.932) (Table 2). Also, there
was no significant difference in MT reduction rate after treatment with bevacizumab in positive and negative
patients in terms of hypertension (p=0.750) and diabetes (p=0.181) (Figure 1-B and 1-C). Relative
percentage change of reduction rate of MT analysis showed no obvious difference in average relative
percentage change (y) between negative and positive cases in terms of hypertension (y in negative
cases= -21.56%, y in positive cases= -22.38%) (Figure 2-B), and diabetes mellitus (y in negative
cases= -22.91%, y in positive cases= -21.55%) (Figure 2-C). In addition, there was no significant relation
between age (p=0.282) or gender (p=0.561) and MT changes. Finally, the results revealed that there was no
significant influence of hypertension and diabetes as risk factors on MT improvement in response to
bevacizumab injection. Only hyperlipidemia played a significant role in reducing MT and outcome of
treatment.
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Figure 1. Comparison of macular thickness changes in the presence or absence of risk factors. A) Hyperlipidemia;
MT after intravitreal injection of bevacizumab of hyperlipidemic patients was significantly more than the patients without hy perlipidemia

(p=0.015). B) Hypertension; there was no significant difference in MT after intravitreal injection of bevacizumab between the patients with

hypertension and patients with normal blood pressure (p=0.750).C) Diabetes mellitus; there was no significant difference in MT after

intravitreal injection of bevacizumab between diabetic and non-diabetic patients (p=0.181).
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Figure 2. Comparison of the relative percentage changes of macular thickness in the presence or absence of risk
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According to results of analysis, no significant relationship was observed between VA improvement
and risk factors including hyperlipidemia (p=0.169), hypertension (p=0.56) and diabetes mellitus
(p=0.284). Also, age (p=0.186) and gender (p=0.448) had no effect on VA improvement. Also, there
was no significant difference between VA changes after injection of bevacizumab in positive and
negative patients in terms of hyperlipidemia (p=0.299) hypertension (p=0.447) and diabetes (p=0.327)
(Figure 3-A, 3-B and 3-C). Comparison of relative percentage change in VA changes demonstrated no
considerable differences in y between negative and positive cases of hyperlipidemia (y in negative
cases= 200, y in positive cases= 300) (Figure 4-A), hypertension (y in negative cases= 166.6667, y in
positive cases= 200.00) (Figure 4-B), and diabetes mellitus (y in negative cases= 200, y in positive
cases= 250) (Figure 4-C). Therefore, results showed that there was no significant influence of risk factors
including hyperlipidemia, hypertension and diabetes mellitus on VA improvement in response to
bevacizumab therapy.
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Figure 3. Comparison of visual acuity changes in the presence or absence of risk factors.
A) Hyperlipidemia; there was no significant difference in VA changes after injection of bevacizumab between
hyperlipidemic patients and non-lipidemic patients (p=0.299). B) Hypertension; no significant relevance in VA changes after
injection of bevacizumab was observed in patients with hypertension and patient with normal blood pressure (p=0.447). C)
Diabetes mellitus; no significant difference in VA changes in response to bevacizumab therapy was found in diabetic patients
and patient without diabetes (p=0.327).
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Figure 4. comparison of the relative percentage changes of visual acuity in the presence or absence of
risk factors. A) Hyperlipidemia; Mean and range of relative percent change of VA after intravitreal injection of
bevacizumab in hyperlipidemic patients showed no considerable difference between hyperlipidemic and non-lipidemic
patients. B) Hypertension; there was no obvious difference in average relative percentage change in VA changes between
negative and positive cases of hypertension. C) Diabetes mellitus; there was no obvious difference in average relative
percentage change in VA between diabetic patients and patients without diabetes.

Discussion

In recent two decades, intravitreal injection of bevacizumab has become common in the treatment of
CRVO. Various studies proved that anti-VEGF therapy can improve the vascular retinal diseases like CRVO
(15-18). However, the response rate is not the same in all patients, some of them are responding weaker or
show no response (19-22). Our analysis demonstrated that bevacizumab can improve vision by reducing the
MT and increasing the VA (p<0.05, for both). Some situations and risk factors can effect CRVO
pathogenesis (23-26) and response rate to bevacizumab therapy; so we can predict the treatment outcome
by presence of these risk factors which are known as predictive factors. Our findings showed that the
response to treatment (MT reduction) was significantly lower in hyperlipidemic CRVO patients compared
to healthy CRVO patients (p=0.035). Thus, hyperlipidemia reduces the response to treatment and can be a
predictive factor for response to bevacizumab therapy in CRVO patients. Some similar studies have been
conducted to evaluate prognostic factors of response to intravitreal bevacizumab therapy of CRVO and
many of them introduced age (27, 28) and central retinal thickness (CRT) or VA as prognostic predictors in
bevacizumab therapy in CRVO patients (29). Ach et al. found that younger patients with lower CRT at
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baseline show significantly better response to treatment (30). In addition, Daien et al. found that early
injections of bevacizumab in young patients leads to a significant improvement in VA (31) but in our study,
age and gender had no prognostic value for treatment outcome and we considered MT and VA changes as
a major criterion for evaluating the response rate to the bevacizumab therapy.

Chen et al. showed a significant association between primary open-angle glaucoma, retinal vasculitis,
pseudotumor cerebri hypercoagulable state, history of deep vein thrombosis/pulmonary embolism and
hyperlipidemia, and CRVO. They found that hyperlipidemia is a risk factor to develop CRVO (OR 3.60,
p=0.003) (14). Our findings showed no significant correlation between diabetes mellitus and CRVO.
Despite our finding, in a meta-analysis, Wang et al. introduced diabetes mellitus as a risk factor for
CRVO (4).

Of course, our study had some shortcomings, including its retrospective nature, lack of a control group,
small sample size, and short follow-up but despite these limitations, our results are promising and increased
our understanding about the effective factors in response to bevacizumab therapy in CRVO patients.
According to our results, reducing hyperlipidemia can increase the response to bevacizumab therapy. Future
studies can identify other risk factors in response to anti-VEGF therapy such as underlying diseases like
hypothyroidism, renal failure, liver diseases, obesity, coagulation diseases and heart failure or medications
like hormonal drugs, corticoids, thiazides, aspirin, anti-allergic drugs and so on.
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