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BACKGROUND: To determine the outcome of Intravitreal Avastin (IVA) injections in patients with Macular Oedema (MO) in Uganda.
METHODS: We prospectively recruited patients presenting with MO at the Department of Ophthalmology of Mbarara University of
Science and Technology in Southern Uganda from November 2018 to April 2019. We treated them with intravitreal injection of
Bevacizumab (Avastin®) and followed them up for three consecutive months after the initial injection. We collected information on
baseline clinical presentation and 3 month outcomes. We performed a Student’s t-test to compare central macular thickness (CMT)
and best corrected visual acuity (BCVA) at baseline and at 3 months after IVA injections. We performed linear regression to test for
predictors of change in CMT and BCVA at 3 months.

RESULTS: We enroled 32 patients (35 eyes) of which 29 patients (32 eyes) completed the follow up. The mean age was 62.8 +11.8
years, and 53% were male. At 3 months after IVA, the mean CMT improved significantly from 426.90 + 135.9 um at baseline to
311.20 £+ 134.80 um (p = 0.0008). The mean BCVA improved from 0.70 + 0.38 at baseline to 0.38 + 0.36 logMAR units (p = 0.003). The
improvement in CMT and BCVA were more marked in patients who had Diabetic ME compared to other causes. A high baseline
CMT was a strong predictor of improvement in CMT at 3 months after IVA therapy. A worse baseline visual acuity was a predictor of
improvement in vision at 3 months after IVA.

CONCLUSIONS: IVA therapy results in anatomical and visual improvement at 3 months especially in patients with Diabetic MO.
Having a high baseline CMT was a predictor of good CMT outcome at 3 months while a worse vision at baseline was a predictor of
better visual outcome at 3 months.
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INTRODUCTION

Macular Oedema (MO) is an abnormal thickening of the macula
due to the accumulation of excess fluid in the extracellular space
of the retina [1]. MO occurs as a result of abnormal retinal vascular
permeability and break down of the blood-retinal barrier mainly
mediated by vascular endothelial growth factors (VEGF) and other
cytokines [2]. Weakened and blocked retinal vessels allow
extravasation and accumulation of fluid within the retinal tissue
at the macular area. It results in retinal hypoxia with over-
expression of VEGF, which in turn, will increase vascular
permeability and enhance MO [1-3].

MO is caused by a variety of ophthalmic conditions such as
diabetic retinopathy (DR), retinal vein occlusion (RVO), intraocular
inflammation (uveitis), and pseudophakia [1]. Diabetic macular
oedema (DMO) is the commonest type of MO. Globally, the
prevalence of DMO is estimated at 7.48%. In Africa, it has been
reported to be 3.2% in South Africa and 4.1% in Kenya [4]. These
estimates are expected to rise further with the increasing
prevalence of diabetes mellitus (DM) and the increased life
expectancy of DM patients [4].

MO may be treated with intravitreal injection of anti-VEGF
drugs. Bevacizumab (Avastin®; Genentech, South San Francisco,

California) is a recombinant humanised monoclonal IgG1 antibody
that binds to and inhibits the biologic activity of human VEGF. It is
an anti-VEGF drug approved by the Food and Drug Administration
for the treatment of metastatic colorectal, ovarian, and many other
cancers [5]. Avastin is currently used as an off-label drug in
intravitreal administration for the treatment of wet age-related
macular degeneration (ARMD), DMO, and cystoid macular oedema
(CMO). CMO is a variant of MO which is most commonly caused by
inflammatory processes within the eye that cause multiple cyst-
like (cystoid) areas of fluid to appear in the macula and cause
oedema. Several studies have reported the effectiveness of
Avastin in the treatment of MO caused by retinal vascular
disorders as well as ARMD [3, 6]. Avastin is widely used because
it is widely available, relatively cheap and comparable to other
approved anti-VEGF drugs (Ranibizumab and Aflibercept) [7].

In Uganda, a modest proportion of patients with MO are treated
with IVA. However, the response to this treatment in a
predominantly black population has not been systematically
presented. The purpose of this study was to determine the
outcomes of IVA injections in patients with MO in Uganda, three
months after treatment, and to investigate predictors of a good
response.
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METHODS

Ethics statement

This study adhered to the tenets of the Helsinki declaration. Approval of
the study was obtained from the institutional ethical committee (Ref:
MUREC 1/7) and informed consent was obtained from all patients before
enrolment.

Design

This was a prospective cohort study conducted at Mbarara University and
Referral Hospital Eye Centre (MUHREC), Mbarara, South-Western Uganda.
All patients presenting to MURHEC with MO from November 2018 to April
2019 were recruited.

Case definition

MO was defined as a central macular thickness (CMT) of above 250 um or a
perifoveal thickness of above 320 um as determined by Optical Coherence
Tomography ([OCT] [cirrus HD-OCT 500, carl Zeiss, Germany]). All patients
who had retinal changes were subjected to OCT screening for MO by any
ophthalmologist in the clinic. Those who had MO were sent to the
principal investigator for further examination and assessment of eligibility
criteria.

Inclusion
We included all individuals aged 18 and above with OCT evidence of MO.

Exclusion

We excluded all patients with other retinal visual impairing conditions such
as glaucoma, optic atrophy, retinitis pigmentosa and macular dystrophies;
all patients whose fundus assessment was impossible due to media
opacity and those who had received laser therapy.

Variables

We collected data on demographics and also on past medical and ocular
history. Random blood sugar was measured. All participants underwent full
ocular examination including Best Corrected Visual Acuity (BCVA) using
Snellen’s chart and recorded as logMAR, intraocular pressure (IOP)
measurement with Goldman applanation, slit lamp biomicroscopy and
dilated fundoscopy using a 90D lens. The OCT testing using a spectral-
domain OCT (Cirrus HD-OCT 500, Carl Zeiss, Germany) was perfomed
thereafter. The cause of MO was determined clinically, after a dilated
fundoscopy, by the principal investigator, and confirmed by a medical
retina specialist. Participants were then treated with Avastin in the
operating theatre. The main outcome measures were CMT and BCVA at
3 months after the IVA injections. Vision was classified as “Normal vision”
>6/9, “mild visual impairment (VI)” 6/12-6/18, “moderate VI" 6/18-6/60,
“severe VI" 6/60-3/60 and, “Blind” 3/60 [8].

IVA procedure

In the operating room, tetracaine 1% was instilled in the patient’s eye.
Then the eye was prepared with 5% povidone iodine irrigation in the
fornices. An injection of 1.25mg/0.05mL of Avastin was given using a
tuberculin syringe and 30-gauge needle at 3.5 to 4 mm posterior to the
limbus. A prophylactic topical antibiotic (ciprofloxacin 0.3%, 1 drop qid)
was given for five days after the IVA.

Follow up

All participants were reviewed monthly for three months. Full ocular
examination including BCVA and OCT testing were repeated on each visit.
On each monthly visit, additional IVA injection was given to those whose
MO had not resolved.

Data analysis

Stata version 13.0 was used. Baseline characteristics were presented in
mean (SD) or proportions in a table. The causes of MO were calculated as
proportions. A Student’s t-test was used to compare mean CMT and BCVA
at the baseline with those of 3 months after IVA treatment. For purposes of
analysis, an improvement in CMT was taken as the difference between
CMT at 3 months (cmt3) versus baseline (cmt0), i.e. cmtO - cmt3 to give a
positive value if improved, zero if no change and a negative value if
worsened. Improvement in vision was taken as the diferrence between
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logMAR vision at 3 months (va3) versus baseline (va0), i.e. va0 - va3 to give
a positive value if improved, zero if no change and a negative value if
worsened. Univariable linear regression was used to analyse for baseline
factors associated with a change in CMT and vision at 3 months. Factors
with a crude p value of < 0.1 were included in the multivariable model and
a back stepwise approach used to retain factors with p less than 0.05.

RESULTS
During the study period, we enroled 32 patients (35 eyes). Three
patients were lost to follow up, and 29 (32 eyes) completed the
study. The baseline characteristics are given in Table 1. The mean
age was 62.8 + 11.8 years, 53% were male. Most of our participants
were either diabetic (24/32) or hypertensive (20/32) and 13/32
were hypertensive and diabetic. The mean baseline CMT was
426.9 £ 135.9 um and BCVA was 0.7 + 0.38 logMAR. DR and RVO
were the commonest causes of MO accounting for 53.1% and
25.0% respectively.

Overall, the mean CMT at 3 months decreased by 115.7
(£203.05) pm, (p =0.0008). A total of 11/32 (34.4%) achieved a
CMT of less than or equal to 250 um. Of these, one required 2

Table 1. Baseline Characteristics of the study participants, N = 32.
Characteristics n %
Gender

Male 17 53.41%
Female 15 46.9%
Education

None & Primary 13 40.6%
Secondary 9 28.1%
Tertiary 10 31.3%
Comorbidity*

Diabetes Mellitus only 1 34.4%
Hypertension only 7 21.9%
Hypertension & Diabetes 13 40.6%
Renal disease 3 9.4%
Hyperlipidemia 1 3.1%
Heart disease 1 3.1%
Baseline BCVA

Mild VI (< 6/9 to 6/18) 7 21.9%
Moderate VI (< 6/18 > 6/60) 19 59.4%
Severe VI (< 6/60) 6 18.7%
Pattern of MO

Diffuse 12 37.6%
Cystoid 10 31.2%
Sub Retinal Fluid 10 31.2%
Clinical Cause

Diabetic Retinopathy 17 53.1%
Hypertensive Retinopathy 12.5%
Post-Operative MO 9.4%
Retinal Vein Occlusion 25.0%
IVA treatment

2 Injections 4 12.5%
3 Injections 28 87.5%

BCVA best corrected visual acuity, LogMAR logarithm of minimum angle of
resolution, CMT central macular thickness, OCT optical coherence
tomography, ERM epiretinal membrane, VI Visual impairment, MO macular
oedema. *The totals on comorbidity exceed 100% because some patients
had more than one condition.
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injections and ten required 3. There was an improvement in BCVA
in 22/32 (68.7%) eyes from the baseline with a mean difference of
0.34(+0.60) logMAR units (p = 0.003). Of these, 16/22 (72.7%) had
normal vision and 6/22 (27.3%) had moderate impairment.
Evolution of CMT and BCVA is shown in Figs. 1 and 2.

Changes in CMT and BCVA across the different pathologies are
presented in Table 2. A significant improvement in CMT was
observed in patients with RVO while a significant improvement in
BCVA was observed in patients with DR.

Table 3 shows predictors of a change in CMT after IVA. After
adjusting for potential confounders, having a high CMT at baseline
was associated with an improvement in CMT at 3 months
(adjusted coefficient 0.86 [95% Cl 0.48-1.24], p < 0.001).

Table 4 shows predictors of improvement in BCVA after IVA.
After adjusting for confounders, having smoked and baseline
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500
£ 400 \
3
= 300 o —
= 200
S
S 100

Baseline Month 1 Month2 Month 3
—e—CMT

Fig. 1 Evolution of CMT during follow ups.
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BCVA were the strongest predictors of improvement in vision at
3 months (adjusted coefficient 0.37 [95% Cl 0.14-0.60], p = 0.003)
and (adjusted coefficient 1.18 [95% Cl 0.86-1.50], p <0.001)
respectively.

We examined the relationship between improvement in BCVA
at 3 months and resolution of the CMT (Fig. 3). As CMT reduced,
BCVA improved.

DISCUSSION

MO is a sight-threatening condition that affects most commonly
diabetic patients, and it is a leading cause of visual loss among
working-age individuals globally [3, 9]. MO occurs in a wide variety
of pathologic conditions and represents the final common
phenotype of several pathophysiologic processes that involve
the damage of retinal vessels and disruption of the inner BRB
[1, 10]. In this study, we found that MO was commonly caused by
DR (53.1%) and RVO (25.0%) as reported by many other studies
[4,11,12].

Our study assessed the effect of IVA therapy for MO at three
months. We found that overall, IVA therapy resulted in both
anatomical and functional improvement at three months after
treatment. Our study was different from most in that is considered
all causes of MO compared to other studies that focused on
outcomes of IVA in either DMO or RVO.

When we disaggregated the effect of IVA by diagnosis, we
found that with a modest change in CMT, IVA improved the BCVA
significantly among patients with DMO. Many studies have
previously reported the good effect of IVA in DMO for both CMT

BCVA and BCVA [3, 13-15]. However, some of those studies followed up
0.8 patients for a longer period (6months) [3, 9]. Improvement in
vision is an important expectation among almost all patients with
x 06 visual impairment that seek eye care services. In our setting, this
§ s strengthened our evidence of benefits of IVA for treatment of
o0 DMO: it is effective, cheap, available and affordable to our
S population compared to other approved VEGF drugs. In many
resource limited settings in sub-Saharan Africa, using IVA could
0 facline Momth 1 Montha  Month 3 reduce _the Igurden of visual.impairment among DM patients
presenting with MO, at least in the 3 months window that we
=—@= BCVA studied. Although we did not collect data on quality of life, we
2. vcaion of 5V darng fllow ups.
Table 2. CMT and BCVA at 3 months after IVA.
Aetiologies Baseline SD Month 3 SD Difference P value
Overall
CMT 426.9 135.9 311.2 134.8 115.7 0.0008
BCVA 0.7 0.38 0.38 0.36 0.34 0.003
Diabetic retinopathy
CMT 402.41 121.56 325.64 152.86 76.76 0.1228
BCVA 0.74 0.33 0.34 0.31 0.40 0.0019*
Retinal vein occlusion
CMT 406.50 175.56 244.63 38.98 161.88 0.0311*
BCVA 0.75 0.49 0.39 0.46 0.36 0.2729
Hypertensive retinopathy
CMT 571.75 69.30 421.50 152.03 150.25 0.0962
BCVA 0.93 043 0.40 0.32 0.53 0.1766
Post-operative CMO
CMT 426.67 66.12 259.67 82.07 167.00 0.1869
BCVA 0.30 0.17 0.57 0.55 -0.27 0.5471

P value generated using the student’s t-test, CMT Central Macular Thickness in pm, BCVA Best Corrected Visual Acuity in LogMAR, CMO cystoid macular

oedema.
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Table 3. Predictors of a change in CMT at 3 months after Intravitreal Avastin Injection, n = 32.

Variable

Age*

Sex (being female)*

Alcohol intake

History of smoking

Diabetes

Hypertension*

Previous eye surgery

BMI (for every increase in one unit)
RBS (for every increase in one unit)
Exudates*

Haemorrhage

Cotton wool spot*

Pattern of Macular Oedema
Cystoid

Diffuse

Diagnosis*

Other causes

DMO

Post cataract

Retinal Vascular Occlusion

Baseline CMT (for every increase in 1)*
Baseline BCVA (for every increase in 0.1 logMAR)

Univariate analysis

Coefficient
1.01
9.37
87.1
—194
—624
135
—31.3
—1.09
-11.4
—161
81.7
—149

—62.4

1
—735
16.75
11.6
0.84
58.6

(95% CI)
(—4.51-6.53)
(=119-138)
(—87.1-261)
(—146-107)
(—193-68.5)
(12.8-259)
(=174-111)
(=12.1-14.3)
(—28.7-5.83)
(—420-98)
(—43.5-207)
(—26.7-30.3)

(—189-64.2)

(—277-130)
263-297)
(—212-236)
(0.48-1.21)
(—63-210)

Multivariate analysis

p-value adjusted Coefficient
0.712
0.883
0.315
0.757
0.338
0.032
0.658
0.868
0.186
0.0214
0.193
0.016

0.322

0.635

<0.001 0.86
0.478

(95% CI) p-value

(0.48-1.24) <0.001

BCVA best corrected visual acuity, BMI Body Mass Index, CMT central macular thickness, LogMAR logarithm of maximum angle of resolution, RBS Random Blood
Sugar. *Factors with crude p value of less than 0.1. In the model, all factors were adjusted for age, sex and baseline CMT.

Table 4. Predictors of a change in BCVA at 3 months after Intravitreal Avastin Injection, n = 32.

Variable

Age*

Sex (being female)*

Alcohol intake*

History of smoking*

Diabetes

Hypertension

Previous eye surgery

BMI (for every increase in one unit)
RBS (for every increase in one unit)
Exudates

Haemorrhage

Cotton wool spot

Pattern of Macular Oedema
Cystoid

Diffuse

Diagnosis

Other causes

DMO

Post cataract

Retinal Vascular Occlusion

Baseline CMT (for every increase in 1)
Baseline BCVA (for every increase in 0.1 logMAR)*

Univariate analysis

Coefficient
—0.01
0.01
0.65
0.67
0.82
0.02
—0.11
0.02
—0.01
0.05
—0.01
0.05

0.10

1

0.13
—0.79
—0.16
—0.001

1.30

(95% CI)

(—=0.03-0.12)
(—0.44-0.45)

(0.75-1.21)

(0.30-1.03)
(—0.38-0.54)
(—0.45-0.49)
(—0.60-0.39)
(—0.02-0.68)
(—0.07-0.05)
(—0.88-0.97)
(—0.46-0.44)
(—0.40-0.50)

(—0.35-0.55)

(—0.82-0.56)
(—1.73-0.16)
(—0.92-0.59)

(—0.002-0.002)

(0.97-1.63)

Multivariate analysis

p-value adjusted Coefficient

0.451
0.976
0.028
0.001 0.37
0.718
0.945
0.665
0.321
0.722
0.920
0.976
0.821

0.647

0.332

0.784
<0.001 1.18

(95% CI) p-value

(0.14-0.60) <0.003

(0.86-1.50) <0.001

BCVA best corrected visual acuity, BMI Body Mass Index, CMT central macular thickness, LogMAR logarithm of maximum angle of resolution, RBS Random Blood
Sugar. *Factors with crude p value of less than 0.1. In the model, all factors were adjusted for age, sex and baseline vision.

SPRINGER NATURE

Eye (2022) 36:45-50



[ °
L °
e
— °
°
° [
e e
h’)' -
/,_/_./r’.’__'/_
° ° °
[ ° °

o+ ° ° ° °

°

°
[
°
°
= [ ]
T T T T T T
-600 -400 -200 0 200 400

cmt_diff

[ va_dif Fitted values |

Fig. 3 Change in best corrected visual acuity versus change in
central macular thickness. Y-axis shows change in BCVA and X-axis
shows change in CMT.

patients with keratitis showed that an improvement in vision was
associated with improved quality of life [16].

Conversely, although there was a marked improvement in CMT
in patients with ME due to RVO, this was not associated with a
corresponding improvement in BCVA. Although both improve-
ment in CMT and BCVA have been reported in other studies for
RVO, this was not the case in our setting [6, 17]. Of note, our study
had few numbers of patients with RVO (eight patients) and five of
them had central retinal vein occlusion (CRVO) which usually has a
poor visual prognosis.

We also analysed for baseline factors associated with an
improvement in CMT or BCVA at 3 months. Our study found that
having a high baseline CMT was associated with an improvement
of CMT at three months after IVA injection. Patients who had a
high baseline CMT could more likely achieve great improvement
at three months of the treatment. Few studies that investigated
predictors of changes in CMT at three months post IVA therapy
have reported age (<60 years), a low baseline CMT, presence of
sub foveal fluid, OCT pattern of MO, and glycaemic control as
significant factors of change in CMT [6, 13, 18]. However, the
factors influencing the change in CMT after IVA treatment for MO
remain variable. There could be some other unknown individual-
related factors such as genetic, life style, race, environment which
need to be identified through a large scale study.

Our study found that baseline BCVA was the strongest predictor
of visual improvement at three months after IVA treatment.
Patients who had severe visual impairement at baseline were
more likely to have a marked improvement in vision at three
months. Other studies have reported duration of MO before the
treatment, OCT pattern of MO and glycaemic control as predictors
of improvement in vision. Previous laser treatment was reported
as a negative predictor of visual improvement [17, 18].

Strengths and limitations of the study

DR is a rising problem in sub-Saharan Africa, the positive findings
of the effect of IVA in improving vision among patients with DMO
provide some evidence for advocacy for access to treatment in
such resource limited settings. However, it was generally a smaller
study with a shorter follow up period.

Conclusion

IVA resulted in significant visual and anatomical improvement in MO
three months after treatment. Improvement in vision was most
marked among patients with DMO, compared to other causes of MO.
In patients with RVO, however, although there was an improvement
in CMT, there was no corresponding improvement in vision. A high
baseline CMT was a strong predictor of CMT improvement whereas a
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worse baseline vision was a strong predictor of visual improvement
at three months after the treatment.

Recommendations

Based on these preliminary findings, a larger scale study of the
effectiveness and cost-effectiveness of Avastin for diabetic MO in
Uganda is warranted to optimise patient selection.
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