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Background: Anti-vascular endothelial growth factor (anti-VEGF) medicines have revolutionized DME and DR treatment. Despite
the worldwide use of anti-VEGFs, their use remains limited in Sudan. This study aimed to assess the impact of anti-VEGF
(ranibizumab and bevacizumab) injections in patients with diabetic macular oedema in Khartoum, Sudan.
Methods: An analytical comparative cross-sectional study was implemented in Alfaisal referral eye centre. A Standard questionnaire
was used to collect the variables related to the research objectives. Thirty-four patients were recruited; 16 patients under ranibizumab
(Lucentis) and 18 under bevacizumab (Avastin). Data were analyzed through SPSS 23, best-corrected visual acuity (BCVA) and
central retinal thickness (CRT) measurements were considered as main outcomes to evaluate the treatment effectiveness.
Results: Among the 34 participants, 64.7% were males and 35.3% were females, with an average age of 62 years and 13 years of long
standing diabetes. A total of 54 eyes received an average of 2.3 injections in an average of 7 months’ period. The mean BCVA before and
after treatment for both drugs respectively 0.19 min and 0.21 min was statistically correlated (p = 0.000). For patients under Lucentis, the
mean BCVA before and after medication was 0.20 min–0.24 min and 0.19–0.19 min for those who used Avastin. The mean central retinal
thickness (CRT), before and after treatment for both drugs, was 492.22µm–422.89µm, respectively, with a significant correlation (p =
0.003). For patients under Lucentis, the mean CRT decreased from 536.30 µm to 425.19 µm; it dropped from 453.16µm to 421.18µm for
patients under Avastin. About 79.4% (27/34) of the participants reported that injections were not affordable and 14.7% (5/34) complained
from shortage of one dose, regardless of which type of treatment. Glycaemia control, duration of treatment, type and frequency of
injections used were found to be the most contributing factors to the effectiveness of anti-VEGF medications.
Conclusion: Both anti-VEGF medications are effective in treating DME, Lucentis showed better improvements in BCVA and
macular thickness than Avastin. Policymakers in Sudan require urgent alternative strategies to increase access to these medications.
Keywords: ranibizumab, bevacizumab, anti-VEGFs, diabetes mellitus, diabetic retinopathy, diabetic macular edema

Introduction
Diabetes related retinopathy is the most common microvascular complication of diabetes mellitus and considered as
leading cause of visual impairment or blindness.

The global prevalence of diabetes related retinopathy (DR) is 27.0%; varying from 3.8% in the US to 17.2% in
Sudan.1–3 Diabetic macular edema (DME), Another important categorization of DR, occurs across all DR severity levels
of non-proliferative diabetic retinopathy (NPDR) and proliferative diabetic retinopathy (PDR). It represents the most
common cause of vision loss in patients with DR. The pathology of accumulation of fluid within the central portion of the
retina can occur in isolation without other signs of microangiopathy in the fundus; therefore, it is sometimes classified as

Clinical Pharmacology: Advances and Applications 2022:14 37–47 37
© 2022 Ahmedalgabri et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Pharmacology: Advances and Applications Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 14 September 2021
Accepted: 8 March 2022
Published: 5 April 2022

https://youtu.be/6c64zldJJWY
http://orcid.org/0000-0002-1893-0631
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com


a separate entity. DME and DR are tightly connected; hence, their pharmacological therapy affects both manifestations in
an interchangeable manner.4

VA test and optic comprehensive tomography (OCT) measurements are the most used modalities for monitoring
treatment responses in DR patients.4

Anti-VEGFs injections become the 1st line therapy for DR; they work against the vascular endothelial growth
factors in the retina to control the growth of abnormal blood vessels from the choroid which is the main pathological
problem of DR.4,5 The three anti-VEGF medicines used in DR and DME are Eylea® (aflibercept), Lucentis®

(ranibizumab) and Avastin® (Bevacizumab); in Sudan the two last are the ones available. Corticosteroids represent
a fundamental alternative for treating DR5 but most often as a second choice level. The indication of steroids may
be considered in patients who have a history of a major cardiovascular event as clinical trials confirmed that anti-
VEGFs are contraindicated to those patients. Steroids can also be used in non-responders to anti-VEGF or in
patients who are not willing to come for monthly injections.5,6 Focal-Grid Laser treatment, an effective treatment
option in the past, is not anymore used in standard care in the era of anti-VEGF injections.6 However, the
International Council of Ophthalmology (ICO) stated that Focal laser is indicated for DME and DR if intraocular
injections of anti-VEGF agents are not available or it can be applied earlier to areas of persistent retinal thickening
in eyes unresponsive to anti-VEGF treatment, in intermediate and low-resource settings, and this has been the usual
practice in Sudan.7,8

This study aimed to evaluate the outcomes of anti-VEGFs injection in Sudanese patients of diabetic macular edema and
to find the most contributing factors to this outcome. As well as, assessing the accessibility of patients to these injections.

Materials and Methods
An analytical facility based cross-sectional study was implemented in Alfaisal referral eye centre from December 2019 to
March 2020; this referral eye centre with four retinal ophthalmologists administers in monthly average of 50 anti-VEGF
injections to patients with various retinal conditions. A written permission was obtained from institutional review
committee of the University of Medical Sciences and Technology and a well verbal informed consent was obtained
from the health professionals and all of the patients who were interviewed.

All patients with diabetic related retinopathy who presented to the clinic were included and other types of
retinopathies were excluded. 34 patients were recruited with 16 patients under Lucentis® (Ranibizumab) and 18
under Avastin® (Bevacizumab). A standardized pretested questionnaire was used to collect data from patients who
were treated with the two anti-VEGFs concerned. The data collected include the characteristics of the patients, their
visual acuity (BCVA) and central retinal thickness (CRT), information on additional treatment (Laser) was also
recorded. The patients were also interviewed regarding their improvement post treatment as well as the availability
and affordability of the treatment.

Pre and post treatment measures of BCVA and CRT, which are referred to baseline and most recent measurements,
were extracted from medical files. Both BCVA and CRTwere considered to be the main outcomes that evaluate treatment
effectiveness. Visual acuity was measured with Snellen chart BCVA and then converted into its decimal equivalents in
minutes for statistical purposes. Central retinal thickness (precisely of the fovea in the macula) was obtained by
a Heidelberg OCT which gives a cross-sectional imaging of the retina, that directly measures optical reflectivity in the
z-plane (depth of the retina), with high-axial resolution (10–14 µm).

Data were computerized in Epi Info 7 and analysed through SPSS 23. Descriptive statistics were performed to
summarize the collected data, chi square tests were used to test associations between categorical variables and correlation
analysis estimated the associations between numerical variables. Changes on visual acuity before and after treatment
were tested through paired t-test. Multinomial regression was performed to establish the relationship between vision
outcomes and a set of predictors for BCVA and for OCT measurements. All the performed statistical tests were
considered significant when p <0.05.

https://doi.org/10.2147/CPAA.S338926

DovePress

Clinical Pharmacology: Advances and Applications 2022:1438

Ahmedalgabri et al Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Results
Characteristics of the Study Participants
The participants were predominantly males (64.7%, 22/34), females were 35.3% (12/34). Their age ranged from 40 to 91
years with a median of 62 years. Professionally more than half (52.9%, 18/34) of the participants were working, 26.5%
(9/34) were not working and 20.6% (7/34) were retired.

All the patients were diagnosed with type 2 diabetes, which they were experiencing for 3 to 40 years with a median
duration of their condition of 13 years. Their glycaemia control (HA1C) ranged from 5.8 mg to 11.0 mg with a median of
8.0 mg. Of the 34 participants, co-morbidities were absent in 17.7% (6/34) and presents in 82.3% (28/34) with 56% (19/
34) suffering from hypertension alone or associated to another disease.

Participants Under Treatment
The participants, all are diabetic retinopathy patients, more than half (53.0%, 18/34) were using Avastin®, 38.2% (13/34)
had Lucentis® and 8.8% (3/34) shifted from Avastin to Lucentis. For standardizing the treatment scheme of the
participants, the pharmacological treatment of the participants was regrouped in two groups Avastin and Lucentis. The
average of their treatment duration regardless of the drug type was found to be seven months.

From the 34 participants in this study the total number of affected eyes, which received the treatment was found to be
54 eyes. The number of anti-VEGF injections varied across the eyes. It ranged from 1 to 6 injections for the right eye
with average of 2.4 injections±1.4 and from 1 to 5 for the left eye with a mean injection of 2.2±1.4 (Figure 1). Figure 1
also displayed that the median number of injection was the same 2 injections for the right eye regardless the type of
pharmacological treatment. However, in the left eye, the median number of injection was lower (1 injection per eye) for
Lucentis and the median number of injection for Avastin was 2. In the overall, the average number of injections received
in the 54 eyes was 2.3 injections (95% [CI: 1.9–2.7]).

Regarding the side effects and safety related the pharmacological treatment, 94.2% (32/34) of the participants had
minor side effects, serious side effects were recorded in 2.9% (1/34) of the participants and one (2.9%) participant
experienced both minor and severe side effect. Of the 16 participants treated with Lucentis, none presented a severe side
effect. Of 18 participants who received Avastin injections, 88.8% (16/18) experienced no serious side effects, they were
5.6% (1/18) who presented with serious side effects and 5.6% who experienced both minor and serious side effects.

Laser Treatment Used by the Study Participants
The need of additional laser treatment was investigated in the study population, 55.9% (19/34) of the participants
underwent additional laser intervention whereas the remaining 44.1% (15/34) did not need it. The proportion in need of
laser intervention was higher (61.1%, 11/18) in the group under Avastin, whereas 50% (8/16) of those using Lucentis
received laser. However, there was no statistically significant association (Pearson chi-square=0.424, p=0.515) between
the type of pharmacological treatment and the need of laser intervention.

For those who were in need of laser intervention, the timing for receiving the therapy before or after the pharmacological
treatment in respectively 42.1% (8/19), and 15.8% (3/19) of the participants received Laser intervention before and after
(both) their respective pharmacological treatment. Table 1, revealed that there was no statistically significant association
(Likelihood Ratio=1.957, p=0.376) between the type of pharmacological treatment and the time of the Laser intervention.

Of the 11 participants who had Laser intervention after pharmacological treatment (8 after and 3 before and after) as
displayed by Table 1, there were 36.4% (4/11) under Lucentis and 63.6% (7/11) under Avastin. The majority (54.5%, 6/11) of
them had to receive the laser therapy because the pharmacological treatment failed to maintain their vision and 45.5% (5/11)
for stabilizing their retinopathy; however, there was no statistically significant association (Fisher’s Exact Test= 0.652,
p=0.652) between the pharmacological treatment and the reasons for administering Laser therapy after pharmacological.

Effectiveness of the Pharmacological Treatment
Comparison of BCVA Before and After Pharmacological Treatment
The BCVA of each eye was first measured using the Snellen chart then it was converted into its decimal equivalents.
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The details in Table 2 showed that the mean BCVA for all eyes before treatment was 0.19 min (95% [CI: 0.12–0.26]);
it increased to 0.21 min (95% [CI: 0.07 −0.36]) after treatment; this mean varied from 0.19 min ± 0.18 for Avastin to 0.24
min ± 0.17 for Lucentis.

Despite the higher mean observed in the group of patients who used Lucentis, indicated that Lucentis improved
BCVA better than Avastin, the paired t-test which confirmed the changes in visual acuity before and after treatment
revealed these changes were not statistically significant.

A correlation analysis was performed to assess the strength of association between visual acuity changes before and after
treatment. The changes in BCVA of the right eyes were statistically significant (p=0.000) and the association was found to be

A B

C D

Figure 1 Frequency of injections received per eye and median number of injections per pharmacological treatment. (A) Number of anti-VEGFs injections used by the right
eyes of patients. (B) Number of anti-VEGFs injections used by the left eyes of patients. (C) Median number of injections for each drug across the right eyes. (D) Median
number of injections for each drug across the left eyes.
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strong before and after treatment (0.802). On the other hand, the changes in the BCVA of the left eyes had an intermediate
association (R2=0.635) before and after treatment; nonetheless these changes were statistically significant (p=0.000).

Comparison of OCT Measurements Before and After Pharmacological Treatment
Regarding the OCT measurements, the mean for both drugs before treatment was 492.22 µm ±167.98 then improved to
422.89 µm ±169.70 after treatment; this mean varied from 421.18 µm ±174.12 for Avastin to 425.19 µm ±171.54 for
Lucentis. As detailed in Table 3

Testing the correlation between OCT measurements and the pharmacological treatment revealed a statistically
significant differences in the thickness of the eyes before and after treatment with respectively R2 =0.552 for right
eyes and 0.557 for left eyes with a p-value of respectively of 0.003. This association was statistically confirmed by the
results a paired samples t-test, which revealed a significant paired differences.

Table 1 Time of Laser Administered by Type of Pharmacological Treatment in the Study Population (n=19)

Pharmacological
treatment

Laser treatment

Before % After % Before and
after

% Total p-value

Lucentis 4 50.0 2 25.0 2 25.0 8
Avastin 4 36.4 6 54.5 1 9.1 11 0.376

Total 8 8 3 19

% 42.1 42.1 15.8 100.0

Abbreviation: n, number of patients who received additional laser therapy.

Table 2 Comparison Between Visual Acuity in Decimal Equivalent Before and After Treatment by Type of Anti-VEGFs Used

Visual acuity 95% CI for the mean

Anti-VEGF Eyes Mean SD SEM Lower Upper Min Max

Right BCVA before

treatment

Lucentis 11 0.22 0.18 0.05 0.10 0.34 0.03 0.66

Avastin 16 0.17 0.12 0.03 0.10 0.23 0.02 0.50
Total 27 0.19 0.15 0.03 0.13 0.25 0.02 0.66

Left BCVA before

treatment

Lucentis 13 0.18 0.11 0.03 0.12 0.25 0.02 0.33
Avastin 14 0.20 0.19 0.05 0.10 0.31 0.02 0.66

Total 27 0.19 0.15 0.03 0.13 0.25 0.02 0.66

BCVA before
treatment

Lucentis 24 0.20 0.14 0.04 0.11 0.29 0.02 0.50
Avastin 30 0.19 0.15 0.04 0.10 0.27 0.02 0.58
Total 54 0.19 0.15 0.03 0.13 0.25 0.02 0.66

Right BCVA after

treatment

Lucentis 12 0.27 0.18 0.05 0.15 0.39 0.05 0.66

Avastin 15 0.19 0.19 0.05 0.09 0.29 0.02 0.66
Total 27 0.22 0.18 0.04 0.15 0.30 0.02 0.66

Left BCVA after
treatment

Lucentis 12 0.22 0.16 0.04 0.12 0.32 0.05 0.50
Avastin 15 0.19 0.17 0.05 0.09 0.29 0.02 0.66

Total 27 0.20 0.16 0.03 0.14 0.27 0.02 0.66

BCVA after
treatment

Lucentis 24 0.24 0.17 0.05 0.14 0.35 0.05 0.58
Avastin 30 0.19 0.18 0.05 0.09 0.29 0.02 0.66
Total 54 0.21 0.17 0.03 0.15 0.28 0.02 0.66

Note: The bolded BCVA measurements below the dash line indicating the total number of right and left assessed eyes.
Abbreviations: BCVA, best corrected visual acuity; SD, standard deviation; SEM, standard error of the mean; CI, confidence interval; Min, minimum value recorded for
BCVA; Max, maximum value recorded for BCVA.
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Satisfaction of Patients Towards Pharmacological Treatment
Of the 34 patients who were asked about their status following treatment, half reported that they were improved and half
did not, with a no statistically significant difference (p= 0.634) between improvement of the type of Anti-VEGF and the
satisfaction of the participants.

Of the 54 eyes treated with Anti-VEGF injections, 51.9% (28/54) had a mean best corrected visual acuity in decimal
equivalent of 0.318 min± 0.172 in the improved eyes; the mean BCVAwas lower (0.103 min ±0.079) in the eyes without
improvement post treatment (48.1%, 26/54). On the contrary, the mean central retinal thickness of 367.430 µm ± 121.583
in the group of the participants who reported an improvement following treatment increased to 482.615 µm ± 197.081 in
those who did not have an improvement as revealed by Table 4.

Table 3 Comparison of OCT Measurements in nm Across the 2 Types of Anti-VEGFs Used

OCT measurements 95% CI for the
mean

Anti-VEGF Eyes Mean SD SEM Lower Upper Min Max

Right eye OCT before treatment Lucentis 11 504.45 125.48 37.83 420.16 588.75 359.00 711.00
Avastin 16 478.31 179.74 44.94 382.54 574.09 222.00 747.00

Total 27 488.96 157.69 30.35 426.58 551.34 222.00 747.00

Left eye OCT before treatment Lucentis 13 568.15 199.96 55.46 447.32 688.99 294.00 889.00
Avastin 14 428.00 128.36 34.31 353.89 502.11 260.00 642.00

Total 27 495.48 178.28 34.31 424.96 566.01 260.00 889.00

OCT before treatment Lucentis 24 536.30 162.72 46.65 433.74 638.87 326.50 800.00
Avastin 30 453.16 154.05 39.62 368.22 538.10 241.00 694.50
Total 54 492.22 167.98 32.33 425.77 558.68 241.00 818.00

Right eye OCT after treatment Lucentis 11 427.00 149.20 44.99 326.77 527.23 273.00 780.00
Avastin 16 421.00 152.95 38.24 339.50 502.50 210.00 780.00

Total 27 423.44 148.55 28.59 364.68 482.21 210.00 780.00

Left eye OCT after treatment Lucentis 13 423.38 193.88 53.77 306.22 540.55 233.00 800.00
Avastin 14 421.36 195.30 52.20 308.59 534.12 215.00 783.00

Total 27 422.33 190.85 36.73 346.84 497.83 215.00 800.00

OCTafter treatment Lucentis 24 425.19 171.54 49.38 316.50 533.89 253.00 790.00
Avastin 30 421.18 174.12 45.22 324.05 518.31 212.50 781.50
Total 54 422.89 169.70 32.66 355.76 490.02 212.50 790.00

Note: The bolded OCT measurements below the dash line indicating the total number of right and left assessed eyes.
Abbreviations: OCT, optical coherence tomography; SD, standard deviation; SEM, standard error of mean; CI, confidence interval; Min, minimum value recorded for OCT;
Max, maximum value recorded for OCT.

Table 4 Satisfaction of Patients by Vision Improvement Through Ophthalmological Measures (n=54)

Measures of vision improvement n Mean SD SEM p-value

BCVA after treatment Yes 28 0.318 0.172 0.046

No 26 0.103 0.079 0.022

54 <0.05
CRT after treatment Yes 28 367.430 121.583 32.494

No 26 482.615 197.081 54.661

54 425.023 159.332 43.577 >0.05

Abbreviation: n, total number of assessed eyes.
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Compliance to Prescribed Pharmacological Treatment
The compliance of the participants was measured through two questions: (i) Having regular follow up visits and (ii)
Taking the medications according to the timetable prescribed. So participants were labelled as compliant when the two
above questions were answered “Yes”. 91.2% (31/34) of the participants were compliant and the remaining 8.8% (3/34)
were non-compliant.

Of the 3 participants who were not compliant, 66.7% (2/3) surprisingly reported that their vision improved while only
48.8% (15/31) of the participants who were compliant declared that their vision improved following the received
treatment; however, this difference was not statistically significant (p = 0.5). According to the treatment received,
66.7% (2/3) of the non-compliant patients were under Avastin and 33.3 (1/3) were under Lucentis. The complaints were
51.6% (16/31) under Avastin and 48.4% (15/31) were under Lucentis. Despite, the higher proportion under Avastin in the
two groups of compliance, a no statistically significant association (p =0.545) was found between compliance and
reported improvement.

Availability and Affordability of the Pharmacological Treatment from the Perspectives
of Patients
Availability of Pharmacological Treatment
Of the 34 participants, 14.7% reported shortage of one dose of injection which was not experienced by 85.3.%. Fisher’s
Exact Test revealed no statistically significant association between availability of medications and types of anti-VEGFs
with a p-value of 0.2.

Affordability of Pharmacological Treatment
The affordability of the treatment was assessed through three main questions related to socioeconomic status of the
participants, the financial access to the medicine and how participants coped to get the treatment. Socioeconomic
classification showed that most of the participants (73.5% 25/34) were in the average socioeconomic group, 23.4% (8/
34) had a low socioeconomic status and the remaining 2.9% (1/34) fell in the high socioeconomic group. The financial
access to the medication was measured through two questions, participants were asked (i) if the injection was affordable
to them and (ii) if they have ever missed a dose because of its cost. Only 20.6% (7/34) of the participants reported that
the injections were affordable to them. Nonetheless, 67.6% (23/34) had never missed any dose because of its cost.

Likelihood ratio test revealed a no statistically significant association (p=0.069) between missed dose because of high
cost, reported affordability of the injections and the different types of anti-VEGFs used. Coping mechanism of the
participants to get their medications is displayed on Table 5.

Table 5 How Participants Coped to Get the Treatment

Source of getting the medicine Number %

Health Insurance 9 26.6
Children 6 17.6

Children & Relatives 5 14.7
By My Own 4 11.8

Spouse 3 8.8

Health insurance and relatives 2 5.9
By my own and relatives 2 5.9

By my own, friends and Charity 1 2.9

Spouse and relatives 1 2.9
Relatives and charity 1 2.9

Total 34 100
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Impact of Pharmacological Treatment on Diabetic Macular Edema
Assessment of Pharmacological Treatment on Visual Acuity Measured in Decimal Equivalent
The visual acuity of participants measured in Snellen and converted in decimal equivalent in minute, was regrouped in
three categories: the near normal vision (0.33–0.66 min), moderate low vision (0.16–0.25 min) and ≤ severe low vision
(0.01–0.100). The near normal vision was considered as the reference group in the multinomial model for predicting the
impact of pharmacological treatment based on eight explanatory variables which were namely type of anti-VEGF,
frequency of the injections used, age of the participant, duration of the diabetes mellitus, level glycaemia control
(HA1C), comorbidities, affordability of the medications and treatment duration. Then the odds ratio (OR) was estimated
for each of the eight variables as the average of both eyes; the same principle was applied to the calculation of the
confidence intervals for the OR.

In the overall, within the eight predictors, the glycaemia control and the type of anti-VEGFs used had the highest
contribution on the change of visual acuity.

Assessment of Pharmacological Treatment on Optical Coherence Tomography Measures
The retinal thickness was assessed through Optical Coherence Tomography (OCT) measures which was broke in three
groups ≤250–449 µm (64.8%, 35/54), 450–699 µm (25.9%) and ≥700 µm (9.3%). A multinomial regression was
performed to establish the relationship between central retinal thickness (outcome variable with reference group ≤250–
449 µm) and four predictors. The duration of treatment and frequency of injections used were found to be the most
contributors to the decrease in central retinal thickness.

Discussion
Anti-VEGFs has become the 1st line in retinopathy therapeutic practice, whereas laser photocoagulation intervention has
gradually decreased in favour of these injections, this study aims at evaluating the intravitreal anti-VEGFs therapy in the
management of DME and the efficiency of these drugs in reducing the macular thickness and maintaining the visual
acuity, the need for laser intervention due to medical failure and it also assesses the affordability and availability of these
intravitreal injections in the Sudanese market. The study included 34 patients (54 eyes) with diabetic retinopathy
specifically DME, (53.0%, 18/34) were under Avastin (Bevacizumab), 47% (16/34) were under Lucentis
(Ranibizumab). Regardless of the type of treatment used, the average number of injections received in the 54 eyes
was found to be 2.3 injections (95% [CI: 1.9–2.7]), which is lower than a frequency of 3.4 injections per year recorded by
another study in 2018,9 this low number of injections received to the Sudanese patients can be due to use of adjunctive
laser therapy or the high cost of the injections which can constrain receiving more frequent injections.

Regarding the side effect and safety related to the anti-VEGFs treatment, majority of the participants 94.2% (32/34)
had minor side effects after injection administered and 5.85 (2/34) reported that they had serious side effects in term of
eye infection after injection, interestingly all of them were under Avastin (Bevacizumab) treatment.

55.9% (19/34) of the participants were having adjunctive laser therapy, however there was no statistically significant
association (Pearson chi-square=0.424, p=0.515) between the type of pharmacological treatment and the need of laser
intervention. Of the 19 participants who had laser, 11 patients had their laser sessions after the anti-VEGFs course of
injections and it was found that (54.5%, 6/11) had to take the laser because the pharmacological treatment failed to
maintain their vision and 45.5% (5/11) took it for stabilizing their retinopathy. No published data was found to assess the
quantity of the need of laser therapy due to pharmacological treatment failure.

The effectiveness of anti-VEGFs treatment was evaluated by measuring the differences in mean visual acuity changes
and central retinal thickness measurements before and after treatment, also the personal satisfaction of the individuals
was assessed. The mean best corrected visual acuity (BCVA) for both drugs before treatment was 0.19 min (95% [CI:
0.12–0.26]) it increased to 0.21 min (95% [CI: 0.07 −0.36]) after treatment with a significant correlation test (p=0.000).
When comparing the BCVA across the 2 types of anti-VEGFs used, the group of patients who used Lucentis has a higher
mean after treatment, which suggest that Lucentis improved VA better than Avastin. The average of BCVA before and
after treatment (0.20 −0.24 min) (19 −19 min) for Lucentis and Avastin respectively. But this difference was not
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statistically significant (p ˃0.05), in comparison to another published Sudanese study10 the pre and post treatment mean
vision with Lucentis was (0.20–0.30) and (0.18–0.37) with Avastin.

The mean of central retinal thickness (CRT) of both drugs was = 492.22 (95% [CI. 428.86–555.58]) before treatment,
it dropped to 422.89 (95% [CI. 358.88–486.89]) after treatment. The paired t-test correlation revealed a statistically
significant differences in the retinal thickness of the eyes before and after treatment p-value 0.003. When comparing the
CRT measurements across the 2 types of anti-VEGFs used, it was found that Lucentis succeed to decrease the mean
retinal thickness from (536.30 to 425.19) and Avastin managed to decrease it from (453.16 to 421.18), although the group
of patients who used Avastin recorded lower mean, Lucentis gave the better improvement in CRT pre and post treatment.
The lower results of Avastin could be due to the better base line retinal thickness in this group of participants, but
however, this difference in means between the two drugs is not statistically significant (p ˃0.05). In another study10 the
pre and post treatment thickness was (403.6 to293.6) and (389.3 to 276.1) for Lucentis and Avastin respectively.

Availability of these treatments was found to be fluctuant in the Sudanese market, 14.7% (5/34) of the participants
complained that they have experienced shortage of one dose, regardless of which type of treatment. When assessing the
affordability of these medications it was found that despite the fact that the majority of the participants (73.5% 25/34)
have an average socioeconomic status, 79.4% (27/34) of the participants reported that both types of injections are not
affordable to them, although the published data11–13 states the Avastin (Bevacizumab) is cost effective compared to other
anti-VEGFs injections. Also 34.2% (11/34) reported that they miss or delay at least one dose because of its high cost, this
agrees with a European study14 stated that anti-VEGFs injections have high rising cost and this affects the ability of the
health providers to provide care for their patients.

The diminished Availability and the problem of the unaffordable high cost of these injections are of the main
constraints limiting its widespread usage in Sudan and have a direct negative clinical impact on DME patients,
considering that about 36% of the its population are below the poverty line with 25% of them live in extreme
poverty.15 The authorities and policymakers in Sudan require alternative solutions and mitigations plans to overcome
these constraints.

The limitation to this research is that it’s a one facility based study, which brought us to have a sample size not
capturing the whole country. However, it enabled us to come with the above regression model.

The multinomial regression model found that, the glycaemia control and type of anti-VEGFs used were the highest
contributors to the change of visual acuity. And the frequency of injections used and duration of treatment were the most
contributors to the decrease in central retinal thickness.

In summary, both anti-VEGFs medications are effective in treating eyes of patients of DME, correlation analysis
showed a significant difference in both types of treatments based on mean visual acuity and central retinal thickness
measurements. Lucentis (Ranibizumab) showed preferable improvement in visual acuity and retinal thickness than
Avastin (Bevacizumab).

Glycaemia control, duration of treatment, type and frequency of injections used are the most contributing factors to
the effectiveness of anti-VEGFs medications.

Availability of these treatments is fluctuant in the Sudanese market and the majority of the population cannot afford it.
This contributes more to the limitation of these medicines in the country and challenges the health care givers to deliver
the patients a good sustained form of medical service.
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