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B Abstract

Background: Retinopathy of Prematurity (ROP) is
a retina vascular disorder which affects infants. ROP
occurs because of immature retina tissues which develop
abnormally. The diagnosis of the disease involves
an ophthalmologist conducting an examination of
the retina to identify the presence of the abnormally
growing vessels. Deep Learning applications have
widely been developed for ROP disease diagnosis
and their development suffers numerous challenges.
Aim: To establish current global ROP statistics, ROP
disease screening guidelines within Africa, the current
rate of preterm births in Africa and the challenges
associated with Deep Learning applications for the
disease diagnosis. Methods: A database search (Ovid,
PubMed, Science Direct, Embase, Web of Science, AJOL,
MEDLINE, CINAHL, Google Scholar) was performed
to identify relevant articles that were published up to

October 2022. PRISMA guidelines of academic papers
review were followed to ensure that all included articles
had reported their study methodological elements as well
as meeting their objectives where forty-five articles were
included. Results and Conclusions: The results reveal
that there are few studies published from the period 2018
to 2022. South Africa and Kenya are the only countries
in Africa with national ROP screening guidelines. Deep
Learning systems can effectively be applied to assist
ophthalmologists in accurately diagnosing the disease
however, proper development and testing of these systems
is required. The information in this review may help to
guide future studies on ROP disease screening in Africa
as well as pointing out the challenges of Deep Learning
systems for the disease diagnosis.

Keywords: ROP Classification, Screening Procedure,
ROP Diagnosis, Birth Weight, Gestational Age.

1. Introduction

522

e etinopathy of Prematurity (ROP) is an eye
& disorder which arises because of abnormal
N growth of blood vessels in the retina of babies
born prematurely [1]. The disease affects babies born
before week thirty-one (31) of pregnancy and with a
weight of less or equal to 1500 grams at the time of
birth [2]. Retina vessels begin to develop at 16th week
of pregnancy and are completed at 36th week. Babies
born before 36th weeks have their retina vessels not
fully developed and sometimes some babies will have
their vessels develop while others may not [3]. If the
vessels do not develop and the problem is not detected,
the disease progresses to later severe stages and the
baby goes blind. ROP continues to be a global disease
whose cases continue to increase yearly. The aim this
paper is to present the pathogenesis of the disease,
disease classification, ROP cases incidents from
Africa and non-Africa countries as well as preterm
cases. The findings of this work can be used by most
of the countries within Africa who have no screening
guidelines in the development of the guidelines.
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1.1. Pathogenesis of ROP

The blood vessels of the retina begin to develop at
sixteen (16) weeks of pregnancy and the development
is completed after forty (40) weeks [4]. When a baby is
born pre-term, retina vessels do not develop normally.
Some blood vessels stop developing, then suddenly
start developing abnormally [5]. The abnormal retinal
vascular development towards the wrong direction starts
to pull the retina from the back of the eye. If diagnosis
is not done in good time, then the retina detaches, and
the baby goes blind [6].

1.2. Classification of ROP

Retinopathy of Prematurity Zones and stages is
categorized using a classification provided by the
International Classification of ROP (ICROP) which
was published in 1984 [7] and revised in the year 2005
[8]. The disease is classified within three retina zones
as shown by Figure 1, which is used to determine the
leading edge of the retina vascularization and the stage
of the disease [9]. Zone 1 is a circular area within the
optic disk, and its radius is twice the distance between
the macula and the optic disk. Zone 2 is a circular area
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within the optic disk, but its circumference extends to
the nasal ora serrata. The last zone, which is zone 3,
is the remaining area after zone 2. ROP in Zone 1 is
considered to become aggressive and severe while in
Zone 3 is less aggressive and less severe.

ROP disease has five stages as shown by Figure 2
[11]. Stage 1 is termed as the initial stage and during
this stage, a neonate eye develops a thin demarcation
white line separating the retinal regions of the eye and
hence preventing flow of blood to the rest of the eye [11].
This occurs because of the abnormal growth of blood
vessels. If not detected and treated, the demarcation
line grows thicker forming a pinkish ridgeline and this
becomes stage 2 [12]. In stage 3 the pinkish ridgeline
grows broader resulting in the formation of blood
vessels abnormality [12]. Stage 4, which is an advanced
stage, the retina detaches partially and the extraretinal
neovascularization slowly begins to cause traction on
the retina [12]. Stage 5, The retina detaches completely,
and the baby goes blind. Stage 1 and 2 of ROP can heal
without any medical intervention but diagnosis at stage3
is important to stop its progression to stage 4, for stage5
where the baby goes blind, a whitish spot can be seen on
the eye [12]. The presence of severe ROP is also termed
as Plus disease and occurs when the retina detaches
completely because of increased vessels dilation and
arteriolar tortuosity of the posterior pole vessels [11].

1.3. ROP Diagnosis Procedure

Dilating drops are put on the eyes of the infant which
enables an ophthalmologist to clearly view the retina
[2]. A speculum is required to hold the eye of the baby
because they cannot hold open their eyes for a long time
[6]. A depressor is used to direct the eye to provide a
better view while a bright light is supplied for clarity.
An ophthalmologist checks on the retina to determine if
the baby has ROP or not [12]. For hospitals without an
ophthalmologist, or for cases where a hospital has many
babies requiring
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Abbreviations:

ROP Retinopathy of Prematurity
DL Deep Learning

BW Birth Weight

GA Gestational Age

examination and only one ophthalmologist is
available, an image of the eye is taken using fundus
camera, printouts of the image is done and send to an
ophthalmologist for diagnosis [12].

2. Literature Review

This section presents ROP cases for non-African
countries as well as for Africa countries. We also
review the preterm cases within Africa together with
countries within Africa with ROP screening guidelines.

2.1. ROP Cases for Non-african Countries

As shown by Table 1, in the United States, ROP
incidents cases increased from 11% to 15% from the
years 2009 and 2018 for a population of 717,277 and
BW=>1500 g or GA>30 weeks [13]. For South Korea
a study done between the years 2007 and 2018 for a
population of 141,964, ROP cases were at 29.8% where
GA was 28 weeks <GA <37 weeks [14]. In Turkey, a
study done within 69 Neonatal Intensive Care Units
and between April 2016 up to April 2017 for dataset of
6,115, ROP cases were 27% and 6.7% had severe ROP
stage where GA was BW>1500 g or GA>32 weeks [15].
In Canada, a study done for the years 2010 up to 2016
at McMaster Children’s Hospital for a dataset of 623
showed that ROP cases were 67.1% and GA was GA
from 24 weeks to < 34 weeks [16].

A study done in Brazil for the years 2015 up to 2017
at a hospital in the city of Sdo Paulo, ROP cases were
26.4% for a dataset of 288 and the GA was GA

o

Figure 1: ROP Zones [10].
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Figure 2: Retinopathy of Prematurity Stages. In Stage 1, a Demarcation Line Begins to Grow (a), in
Stage 2, the Demarcation Line Becomes an Elevated Ridge (b), Stage 3 the Ridgeline Grows Thicker and
Abnormal Blood Vessels Growth Can Be Seen (c), Stage 4 Partial Retinal Detachment is Seen (d) Then

Stage 5 the Infant Goes Blind and There is a Whitish Substance Seen on the Eye(e) [10].

Table 1: ROP Cases on Population-Based Studies for Non-african Countries.

. Study . ROP
Study Period Database Population Gestational age Percentage
;Pthljlnﬁ‘;?aglsesvaran 2009-2018  National Tnpatient Sample 717,277  BW>1500 g or GA>30 weeks ~ 15%
(GA)<37 weeks (GA<28
Hong et al. [14], population-based National weeks, GA28; 28
South Korea 2007-2018 Health Insurance database 141,964 weeks<GA<37 weeks; 29.8%
GA28-37)
Data collected from 69
?iikeé al. [15], ?(})){72016—Apr neonatal intensive care 6115 BW>1500 g or GA>32 weeks 27%
Y units (NICUs)
Data collected from (NICU)
Isazacetal [16], 50109016  at McMaster Children’s 23 U4 between 24 weeks and g7 4o
Canada . < 34 weeks
Hospital
grfz?fls etal- [17],  9415.9017 hospital in the city of Sdo Paulo 773 GA <=34 weeks 26.4%
. January
Sanghi et al. [18], 9418 December level IITA NICU 211 BW<2000 or GA<34 21.8%
India 2020
BW <2000g or GA < 34
Sabherwal et al. March-May . . . weeks or GA 34 and 36 o
[19], India 2017 Four hospitals in India 157 weeks if exposed to other 1%
factors of illness
Alda et.al. [20], 2004-2016 Databa.se owned by the ROP 2739 BW>1500 g 29.7%
Argentina Argentina Group
. Scientific and Practical Center
Eldor.enko (211, Oct 2016-Nov of Pediatric Specialized 132 GA 27.62 +- 2.44 weeks 71.97%
ussia 2017 R .
Medical Care in Moscow
Liet al. [22], China 2016-2021 Tianjin Eye Hospital 4069 GA >=29.1<=32.9 17.9%
Shiraki et al. [23],  Sept 2009- Data collected from (NICU) 692 BW<=2000 g or GA <=34 77 6%
Japan May 2017 at Children’s Hospital weeks 070
Yucel et al. [24], Jan 2012-Dec  Data collected from Ondokuz BW (<1000¢g, 1001-1750g, o
Turke 2020 Mayis University Hospital 2186  >1750g) and GA (<25w, 26-  43.5%
Y Y y 28w, 29-31w, 32-34w, >35w)
Trzcionkowska et al. 2017 Leiden University Medical 1492 GA<32 20.4%

[25], Netherlands

Center

Legend: BW- Birth weights; GA- Gestational Age
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<=34 weeks [17]. In India, we found two most recent
studies [19], did a study in four hospitals for a period
of three months (March up to May 2017) and a dataset
of 157 infants, ROP cases were 11% and the GA was
BW <2000g or GA < 34 weeks or GA 34 and 36 weeks
if exposed to other factors of illness while Page et al.
[26] did a study for the period between January 2018
up to December 2020, for a dataset of 211 where the
ROP cases percentages were at 21.8% and BW<2000
or GA<34. For Argentina, a study done by Alda et al.
[20] for the period between the years 2004 up to 2016
and with a dataset of 2,739, ROP cases were at 22.7%
where BW was BW>1500 g. For Russia, a study done
for the period between October 2016 up to November
2017 fora dataset of 132, ROP cases were at 71.97% and
the GA was GA 27.62 +- 2.44 weeks [21].

In China, a study done for the period between the
years 2016 up to 2021 and a dataset of 4,069 obtained at
Tianjin Eye Hospital, ROP cases were at 17.9% for a GA
of GA>=29.1<=32.9 [22]. In Japan, data collected from
a Neonatal Intensive Care Unit (NICU) at Children’s
Hospital for the period between September 2009 up to
May 2017 and a dataset of 692, ROP cases were at 77.6%
and GA was BW<=2000 g or GA <=34 weeks [23]. In
Turkey, a study done for the period between January
2012 up to December 2020 with a dataset of 2,186, ROP

cases were 43.5% and GA was BW (<1000g, 1001-1750 g,
>1750g) and GA (25w, 26-28w, 29-31w, 32-34w, >35w)
[24]. In the Netherlands, a study done year 2017 at Leiden
University Medical Center and a dataset of 1,492, ROP
cases were 20.4% and the GA was GA<32 [25].

2.2 ROP cases for African countries

We found eight (8) most recent studies on population-
based cases of the disease within Africa as shown by
Table 2. In Nigeria, a study done by Ademola-Popoola et
al. [27] between the year 2017 up-to 2018 and a population
of seven hundred and twenty-three (723), ROP cases
were at 17.6% and the screening criteria was GA <34
weeks or birth weight <2000g, or sickness criteria. In
Ethiopia [28] a study for the period between June 2016
up-to august 2019 for a population of sixty- six (66)
infants, ROP cases were 42.4% and the screening criteria
was GA 28.4+1.6 or BW 1172.7+259.6. In Egypt, ROP
cases were at 34.1% for the period between 1st to 31st
October 2020 for a dataset of two hundred and forty
(240) infants, the screening criteria was GA) <34 weeks
or birth weight (BW) <2000 g or infants with unstable
course [29]. In Ghana, a study done by Braimah et al.
[30] for the period between June 2018 up to February
2019, and a population of four hundred and one (401),
ROP cases were 13.7% and the screening criteria was
BW< 2 kg or GA < 37 weeks.

Table 2: ROP Cases on Population-based Studies for African Countries.

. Study . ROP
Study Period Database Population Gestational age Percentage
Ademola- . GA <34 weeks or birth
Popoola et al. 2017-2018 Data collected from 84 public neonatal 723 weight <2000, or 17.6%

[27], Nigeria units

sickness criteria

June
Melesse [28], GA 28.4+1.6 or BW o
Ethiopia gg}g-August WGGA eye center database 66 1179.7+959.6 42.4%
Noor et al. 1st October Database for an NICU in Itay Elbaroud GA) =34 weeks or birth

-31st October

[29], Egypt 5090 City, Behera province

240 weight (BW) <2000 g or  34.1%
infants with unstable course

Braimah June

et al. [30], 2018-February ?atahqolleltzlted gtt ?I(llyé’gll—lj)()f Korle-Bu 401 BWE 2 kg or GA < 37 13.7%
Ghana 2019 eaching Hospita . weeks

[Sgeﬁl,)lsiil(:}l{ ;f)tlga;lus ?:rj’une }]?ata_ collevcted at central and non-central 1081 GA < 28 weeks, or BW < 94.3%
Africa 2020 ospitals in Johannesburg 1500

Onyango January GA 29.9 + 2.2 weeks and

et al. [10], 2010-December Nairobi Hospital database 163 the mean BW 1280.1 + 41.7%
Kenya 2015 333.0 grams.

Epee Ngoue January Data Fr(/)m maternij;y_ward of Hopital C’en.tral de

etal. [32],  2013-December Laoundé(HCY) Hopital Gyneco Obstétriqueet 56/ GA 92,37 weeks 14.8%

Pédiatrique de Yaoundé (HGOPY), and Centre

Cameroon 2017 Hospitalier d’Essos (CHE)
Data Collected from King Faisal Hospital
Mutangana (KFH) and University Teaching Hospital of
et al. [33], gg?;?ﬁer‘g 017 Kigali (CHUK), and one in Huye, University 424 g{?vigl% (v)v (‘)3 eks or 7.3%
Rwanda y Teaching Hospital of Huye (University of

Rwanda campus Butare, CHUB)

Legend: BW- Birth Weights; GA- Gestational Age

A study done by Seobi ef al. [31] in South Africa from
Ist January 2015 up to 31st June 2020 for a population of
one thousand and eighty-one (1,081) infants, ROP cases
were at 24.3% and the screening criteria was GA <28
weeks, or BW < 1500. In Kenya, for the period between
January 2010 up to December 2015, ROP cases were

www.diabeticstudies.org

at 41.7% for a dataset of one hundred and sixty-three
infants (163), and the screening criteria was GA 29.9
+2.2 weeks, BW 1280.1 + 333.0 grams [10]. A dataset
of five thousand, six hundred and forty (5,640) infants
collected from three hospitals in Cameroon showed that
ROP cases were 14.8% and the screening criteria was

Rev Diabet Stud (2023) 19:128-137
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GA 22-37 weeks [32]. In Rwanda, the period between
September 2015 up to July 2017, data collected from
three hospitals and of size four hundred and twenty-four
(424) infants, ROP cases were 7.3% and the screening
criteria was GA <35 weeks or BW <1800 [33].

2.3. Preterm cases and ROP screening guidelines
within Africa

As shown by Table 3, there seemed to be not much
recent studies done within Africa about the rates of
preterm Births. Kenya and South Africa are the only two
countries in Africa with national screening guidelines
[34]. Nigeria for the period between 1st January 2008
up-to 31st December 2015 and a data size of 1,129,
the preterm births were at 32.9%, [35]. For Ethiopia,
a study done from February to April 2020 reported
preterm births were at 11.4% for a dataset of 482, [36].
For Egypt, as reported by Algameel ef al. [37], preterm

The Review of DIABETIC STUDIES
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births percenta ge were at 28% for a dataset of 250
births for the period between May to November 2018.
Ghana for the period between October to December
2018 reported 14.1% preterm births for a dataset of 680,
[38]. South Africa as reported by Jeena et al. [39], for a
dataset of 760, reported preterm births at a percentage
of 16.4% for the period between April 2013 up to March
2018. Kenya for the period from Ist October 2013 up
to 31st March 2018 and a dataset of 16,966, preterm
births were at 12.6% [40]. Epee Ngoue et al. [32] reports
14.8% preterm births for Cameroon for a dataset size
of 38,151 for the period between January 2013 up to
December 2017. In Rwanda, for the year 2018 and a
dataset of 363,000 reported preterm births of 10% [35].
Uganda reported preterm births of 13.4% for a dataset
of 34,015 for a study done between lst October 2016
up to 31st March 2018, [40].

Table 3: Preterm Births and ROP Screening Guidelines Availability Within African Countries.

. Data Preterm ROP Screenin
Study Study Period size Percentage Guideline §
Mustapha et al. [36], Nigeria 1st January 2008-31st December 2015 1,129 32.9% None
Adugna [34], Ethiopia February-April 2020 482 11.4% None
Algameel et al. [37], Egypt May-November 2018 250 28% None
Axame et al. [38], Ghana October — December 2018 680 14.1% None
Jeena et al. [39], South Africa April 2013-March 2018 760 16.4%  Available from Year 2013

Waiswa et al. [40], Kenya 1st October 2016-31st March 2018 16,966 12.6%  Available From year 2018
Epee Ngoue et al. [32], Cameroon January 2013- December 2017 38,151 14.8% None

Every Preemie—SCALE [35], Rwanda 2018 363,000 10% None

Waiswa et al. [40], Uganda 1st October 2016-31st March 2018 34,015 13.4%

2.4. Deep Learning Applications for ROP Disease
Diagnosis Challenges

Deep Learning applications work best when trained
with an accurately labelled dataset. An error in labelling
the images can result to misdiagnosis of the disease.
Lack of proper training for clinicians about Artificia
Intelligence models, makes them not be in a position
to detect model biasness [41]. This could cause harm
and misleading diagnosis results [42]. Getting Deep
Learning applications off the research shelves and
integrating them into real-life clinical use and practice
has been an uphill task for most researchers. The fear of
misdiagnosis by DL algorithms has made it impossible
to have these applications beingused at eye clinics
today. Currently, we only have a few of them being
used for the disease diagnosis and screening which are
externally validated [42]. There exist also few studies
to compare cost- benefits of adopting these models
for the disease diagnosis, [43] which we believe when
done can pave way through creating awareness of their
benefits, adoption and use.

The challenges of retinal imaging include the
gold standard imaging modality for photography.
The provided standard photography provides a
narrow field of view of about 2 to 3 disc diameter or
a magnification of the image which is bigger than the
indirect ophthalmoscopy. This can affect the accuracy
of the Deep Learning model which learn from the data

Rev Diabet Stud (2023) 19:128-137

provided to make decisions [43]. A key challenge with
using the standard photography for diagnosing ROP
Plus disease is that the images appear more dilated
with less tortuosity than the actual eye image, this calls
for ICROP committee to provide images to define the
minimum abnormality for the Plus disease. Different
lighting background also can produce images of different
color shades. This variation results to errors or wrong
images being used for training the model and has a
negative impact on the results [44].

3. Methodology

3.1. Inclusion and Exclusion Criteria

This section presents the search strategy for materials,
Criteria for inclusion and exclusion, data extraction and
ethical considerations for the review. This review was
conducted according to the preferred reporting items
fora systematic review [45].

3.2. Search Strategy

To find the desired literature, a comprehensive search
was conducted for the period between 1st January
2015 and 30™ October 2022. The databases searched
included Ovid, Pubmed, Science Direct, Embase, Web of
Science,AJOL, MEDLINE, CINAHL, Google Scholar and
the search terms used included : ‘Retinopathy’[ MESH]
OR ‘retinopathy’[tiab] OR ’Prematurity[Mesh] OR
‘prematurity’[tiab] OR ‘retinopathy of prematurity’[tiab]

Copyright © by Lab & Life Press
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OR ‘Deep learning’[MESH] OR ‘deep learning for
ROP disease diagnosis’ [tiab] OR ‘screening’[tiab] OR
‘retinopathy screening guidelines‘[tiab] OR ROP’[tiab]
OR ° ROP screening’[tiab], ‘Guideline’[tiab] OR
‘Preterm’[tiab], ‘classification’[tiab] OR ‘Pathogenesis’[tia
b] OR ‘Sub- Saharan Africa’[tiab] OR ‘global’[tiab]), ‘rop
statistics’[tiab] OR ‘birth weight’[tiab] OR ‘gestational
period’[tiab].

Articles published in English and between 1st January
2015 and 30th October 2022 were included in this review,
specifically original research papers, research dissertations
and review papers on ROP screening and prevalence.
Articles published in other languages were excluded,
articles whose data collection was done before 1st January

Studies identified in the initial database
search: Ovid (n=32) PubMed (n=52)
Science Direct (n=40) Embase (n=21)
Web of Science (n=30) AJOL (n=17)
MEDLINE (n=22) CINAHL (n=19)

Identification

2015, congress papers or posters, duplicate studies, studies
which did not publish the years when data was collected.

3.3. Study Selection

A total of two hundred and thirty-eight (238)
articles were identified. One hundred and fifty (152)
were duplicates, the remaining eighty-six (86) were
screened for inclusion based on the date when data had
been collected and thirty (30) were excluded. Further
screening was done, four (4) were excluded because
they lacked ROP case percentages, six (6) studies were
excluded because they lacked ROP screening guidelines
and one (1) more English. All authors agreed on the
inclusion of forty-five (45) studies in the final review
as shown by Figure 3 for the PRISMA diagram [45].

Additional studies:
Google Scholar (n=2)

;

Total identified studies: Ovid (n=32)
PubMed (n=52) Science Direct (n=40)
Embase (n=21) Web of Science (n=30)

AJOL (n=17) MEDLINE (n=22)
CINAHL (n=19) Google Scholar (n=5)

Duplicates

Duplicates removed
> p

Eligibility

A 4

Studies remaining after duplicates
were removed. (n=86)

(n=152)

Studies excluded after screening.
Data Old than 1st Jan 2015 (n=30)
P Lacking ROP cases percentages (n=4)

A 4
Studies included in the
review (n=45)

Included

Lacking screening guidelines information (n=6)
Studies not written in English (n=1)

Figure 3: PRISMA Flow Diagram.

3.4. Data Extraction

A form was prepared and shared with all authors for
review. Data was extracted and filled on the standard
form which included details of name of the first author,
year of publication, Year when the data was collected,
The owner of the dataset, data size, ROP percentages,
Birth weight, Gestation period and preterm rate.
The authors extracted the data independently and
any identified discrepancies were resolved through
discussions and consensus. Duplicate references were
checked and removed.

3.5. Ethical Considerations
This study was approved by Strathmore University
Institutional Scientific and Ethical Review Committee

www.diabeticstudies.org

(SUSERC), Certificate number (SU-ISERC1534/22)
and approved by the Kenya National Commission for
Science, Technology and Innovation (NACOSTI),
license number (NACOSTI/P/23/23702). We do confirm
that this work did not involve direct participation of
human subjects or animals.

4. Results

As shown by Figure 4, in the United States, ROP
incidents were 15% for a population of 717,277 [13]. In
South Korea, for a population of 141,964, ROP cases
were at 29.8% [14]. In Turkey, for dataset of 6,115, ROP
cases were 27% [15]. In Canada, for a data set of 623,
ROP cases were 67.1% [16]. In Brazil, for a dataset of
288, ROP cases were 26.4% [17]. In India, for dataset

Rev Diabet Stud (2023) 19:128-137
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of 157 infants, ROP cases were 11% [19] and a dataset
of 211 ROP cases were at 21.8% [26]. In Argentina, a
study done by Alda ef al. [20] with a dataset of 2,739
showed that ROP cases were at 22.7%. In Russia, out
of a dataset of 132, ROP cases were at 71.97% [21]. For

The Review of DIABETIC STUDIES 134
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China, a dataset of 4,069, ROP cases were at 17.9% [22].
In Japan, dataset of 692, ROP cases were at 77.6% [23].
In Turkey, a dataset of 2,186, ROP cases were 43.5%
[24]. In the Netherlands, a dataset of 1,492, ROP cases
were 20.4% [25].
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Figure 4: ROP Percentages Summary for Non-african Countries.

The ROP cases in Africa seem to be high but with few
recent studies being published on the same. As shown
by Figure 5, In Nigeria, a population of 723, ROP cases
were at 17.6%. In Ethiopia [28], for a population of 66
infants, ROP cases were 42.4%. Egypt ROP cases were
at 34.1% for a population of 240, [29]. In Ghana, a study
population of 401, ROP cases were 13.7%, [30]. A study

done by Seobi et al. [31] in South Africa for a population
of 1,081 infants, ROP cases were at 24.3%. In Kenya,
ROP cases were at 41.7% for a dataset of 163, [10]. A
dataset of 5,640 infants collected from three hospitals
in Cameroon showed that ROP cases were 14.8% [32].
In Rwanda, data collected from three hospitals and of
size 424 infants, ROP cases were 7.3 [33].

ROP PERCENTAGE
42.40% 41.70%
34.10%
24.30%
17.60%
7.30%
0
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& S <o NG 5 & & o
<8 & Q ) \@?* & o S &
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Figure 5: ROP Percentages Summary for Non-African Countries.

Preterm births summaries for African countries
are shown in Figure 6. For Nigeria, out of a dataset
of 1,129 the percentage was 32.9% [35], For Ethiopia,
out of a dataset of 482, the preterm birth percentage

Rev Diabet Stud (2023) 19:128-137

was 11.4% [36], In Egypt for a dataset of 250, the
preterm percentage was 28% [37]. In Ghana, for a
population of 680, preterm births were 14.1% [38]. In
South Africa, for a population of 760, preterm births
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were at 16.4% [39]. A cross sectional study done by
Waiswa et al. [40] to determine the preterm births
between Kenya and Uganda, for a population of 16,966
and 34,015, the preterm births percentages were 12.6%

32.90%

28%

and 13.4% respectively. In Cameroon, for a population
of 38,151, the preterm births were 14.8%, [32] and for
Rwanda the preterm births were 10% for a population
0f 363,000 [35].

16.40%,

14.10%
11.40%

Nigeria Ethiopia Egypt Ghana

South Africa

14.80%,

12.60%/ 13.40%

10%

Kenya Cameroon Rwanda Uganda

Figure 6: ROP Preterm Births Percentages Within African Countries.

4.1. Conclusion

This paper presents a systematic review of the
pathogenesis of Retinopathy of Prematurity disease
as well as the zones in which the disease can be found
and the disease stages. A procedure for the disease
diagnosis is also presented. ROP disease has no symptoms
hence early diagnosis of the disease is important.
Stage 1 and 2 of ROP can heal without any medical
intervention but diagnosis at stage 3 is important to
stop its progression to stage 4. From this study, we can
conclude that babies born preterm need to be screened
for Retinopathy of Prematurity. South Africa and Kenya
are the only countries in Africa with national ROP
screening guidelines despite the disease being one of
the leading causes of blindness world-wide. Some of
the challenges associated with the disease diagnosis
include few ophthalmologists to assist in screening
and the disease diagnosis, lack of equipment’s at most
of the hospitals in Africa, improper lighting during
image capturing which may result to the disease stage
misdiagnosis. Low birth weight and low gestational age
are key factors for ROP screening and can be considered
as key requirements during screening by countries
without screening guidelines. The many countries
within Africa with no screening guidelines can study
the South Africa and Kenyan guidelines and establish
their screening guidelines. From this work, it is observed
that there are few studies published about ROP disease
cases whose data was collected from the period 2018
to 2022. Deep Learning applications have widely been
developed to diagnose Retinopathy of Prematurity (ROP).
Despite the advancements, there are still challenges to
be addressed. Some of the challenges include:

Device inconsistency and low-quality images:
Some databases contain both colored and non- colored

www.diabeticstudies.org

images. Image resolution and clarity vary both from
colored to non-colored images and this may result in
an increase in the prediction errors. There are many
different cameras used to capture retina images.
Device inconsistency produces images with different
orientation, size, and resolution.

Model training: Deep Learning models require
huge data sets for training the models to achieve better
results. To address this challenge, three methods are
proposed: First, Transfer Learning can be used. This
method allows usage of data collected from similar
projects where this method helps to enhance the
original input representations of data and for mapping
the data. The second approach which can be used is
customizing an existing similar model and changing
some layers and fine tuning some parameters. This is
useful, since the model being customized is already
trained with enough dataset(s) and images are already
resized, so not much additional work is required for data
preparation. However, this method is limited in the fact
that not every model should be customized, especially
for bioinformatics solutions. The third approach is
applying some simulations to increase data volumes.
Simulators can be developed to simulate the number of
required images. However, it should be noted that not
every problem will use simulators for data generation.

Imbalanced data: Data in many databases are
always imbalanced with some sets being more or lesser
than the others. Training a Deep Learning model with
imbalanced data will result in inaccurate results. The
following two techniques can be used to solve this
problem. First, developers require to utilize the correct
criteria for evaluating the model loss and prediction
result functions. For example, the model can employ
area under curve (AUC) to show the resultant model

Rev Diabet Stud (2023) 19:128-137
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loss. Another solution to this problem is to utilize the
weighted cross entropy loss function. This allows
the model to produce good results with small classes
through enabling the model to up-sample small classes
or down- sample large classes.
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