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ABSTRACT
Objective  To determine the incidence of retinopathy of 
prematurity (ROP) and any associated risk factors among 
preterm infants at the Neonatal Intensive Care Unit (NICU) 
of Korle-Bu Teaching Hospital (KBTH).
Design  Prospective study.
Setting  Level 3 NICU of KBTH from June 2018 to February 
2019.
Participants  Eligible infants with birth weight (BW) less 
than 2 kg or gestational age (GA) less than 37 weeks were 
examined at scheduled intervals until full maturity of their 
retina.
Outcome measures  The primary outcome measure was 
cumulative incidence of ROP and secondary outcome 
measure was risk factors associated with ROP.
Results  Of the 401 infants, 222 were females (55.4%), 
mean±SD GA was 32.3±2.4 weeks (median 32, IQR 31 
to 34) and mean BW 1.6±0.4 kg (median 1.5, IQR 1.3 to 
1.9). The cumulative incidence of ROP was 13.7% (95% 
CI: 10.5 to 17.5%), with 1.8% (seven infants) having type 
1 ROP. Increased risk of ROP was observed in babies with 
supplemental oxygen exposure (p<0.001), BW less than 
1.5 kg (p=0.019), confirmed neonatal sepsis (p=0.001), 
nasogastric tube feeding (p=0.03) and poor pupillary 
dilation (0.032). A reduced risk of ROP was observed in 
boys (p=0.004) and after delivery by caesarean section 
(p=0.019).
Conclusion  The rates of ROP at KBTH are comparable 
to other NICUs in sub-Saharan Africa. Birth weight less 
than 1.5 kg, confirmed neonatal sepsis, nasogastric 
tube feeding and poor pupil dilation were independently 
associated with increased incidence of ROP. ROP screening 
should be a part of the routine service for premature 
infants in Ghana.

INTRODUCTION
Retinopathy of prematurity (ROP) is a 
vascular disorder of the immature retina. It 
is the leading cause of childhood blindness in 
high-income countries.1 2 In low- and middle-
income countries (LMICs), ROP is becoming 
an important cause of childhood blindness 
due to increasing survival associated with 
access to neonatal intensive care services.1 
The burden of visual impairment or blindness 

from ROP can be reduced by improving the 
quality of obstetric and neonatal care, early 
detection through screening and by appro-
priate treatment of type 1 ROP.3–9

There are several risk factors for ROP 
including, prematurity, very low birth weight 
(VLBW), supplemental oxygen exposure, 
respiratory distress syndrome, sepsis, multiple 
blood transfusion, mechanical ventilation 
and male sex.10–14 In high-income countries, 
ROP usually occurs in infants with birth 
weight (BW) <1.5 kg or gestational age (GA) 
<32 weeks.1 However, ROP has been reported 
in preterm infants with BW >1.5 kg and GA 
of 32 to 36 weeks in LMIC, probably due to 
lower quality care.1 2 15 ROP was previously 
thought not to be a problem in sub-Saharan 
Africa (SSA) due to the poor survival of 
preterm infants.2

Ghana is a lower middle-income country 
with neonatal mortality rate (NMR) of 28 
per 1000 live births compared with NMR of 
3.0 per 1000 live births in high-income coun-
tries.16 17 The incidence of ROP in Ghana is 
unknown but access to neonatal intensive 
care services is improving and more preterm 
infants are surviving.18 19 The refurbishment 

Strengths and limitations of this study

►► To date, this is the largest prospective study on reti-
nopathy of prematurity (ROP) in West Africa.

►► Our study adopted a broader ROP screening cri-
teria of birth weight <2 kg and/or gestational age 
<37 weeks.

►► Our findings has contributed to the gap in literature 
on independent factors associated with increased 
risk of ROP in sub-Saharan Africa.

►► This study was conducted in a level 3 neonatal in-
tensive care unit (NICU) and hence not representa-
tive of all NICUs in Ghana.

►► About 4% of babies did not complete all screening 
eye examinations.
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of the Neonatal Intensive Care Unit (NICU) of Korle-Bu 
Teaching Hospital (KBTH) led to an improvement in 
survival of babies with birth weight <2.5 kg from 67.4% 
to 78.2%.18 A recent study of mortality rate over a 5-year 
period at the NICU of KBTH found gestational specific 
mortality rate in preterm babies was 25.8%.19 ROP may 
become a significant cause of visual impairment as the 
established risk factors are commonly seen in NICUs in 
Ghana. The population of infants at risk may be different 
in Ghana as evidenced by the existence of ROP in bigger, 
more mature infants in LMIC.1 15 In this study, we assessed 
the risk factors for ROP and examined hospitalised 
infants to establish the criteria for screening infants at 
KBTH, Accra, the largest hospital in Ghana.

METHODS
This prospective study was conducted at the NICU of 
KBTH from June 2018 to February 2019. The NICU 
admits about 2500 infants annually and about 55% of 
these are preterm/low birth weight. Gestational age is 
usually determined by the attending obstetrician. Where 
records of GA was not available, it was determined by 
paediatric residents using the Ballard score.20 There is 
a post-discharge follow-up outpatient service for infants 
admitted to NICU and the hospital has a paediatric 
ophthalmology and retina service.

All infants who met the eligible criteria (GA <37 weeks 
and/or BW <2 kg) were enrolled after obtaining informed 
consent from parents. Infants with severe congenital non-
ocular anomalies or severe congenital ocular anomalies 
in one or both eyes were excluded.

A pretested questionnaire (online supplementary 
appendix 1) was used to obtain antenatal, perinatal and 
postnatal data from parents and medical records. Eye 
examination commenced at 3 weeks postnatal age in the 
NICU or postnatal clinic for infants discharged earlier. 
The pupils were dilated with 0.5% tropicamide and 2.5% 
phenylephrine (instilled three times at 10 min interval) 
prior to eye examination. In babies with poor pupillary 
dilation, the instillation of the eye drops was repeated on 
the same day by the examining ophthalmologist and the 
eyes examined after 30 min. The anterior segment and 
retinal examination including indirect ophthalmoscope 
(Keeler, UK) and 20D Volk lens with scleral indentation 
were performed by the retina specialist (IZB) and two 
paediatric ophthalmologists (VAE and I-OD-BO-A). For 
quality assurance, inter-observer agreement was estab-
lished before commencement of the study.

Eye examination was repeated at two weekly intervals 
until ROP or full vascularisation of retina (retinal vessels 
at or within one disc diameter of the temporal ora serrata) 
was observed. Data on eye examinations were recorded 
according to the zone, highest stage of ROP, extent of 
disease (clock hours) and presence of plus disease using 
the International Classification of ROP revisited scheme.21 
Diagnosis of type 1 ROP was made if any of the following 
criteria were met: (a) zone 1, any stage ROP with plus 

disease; (b) zone 1, stage 3, with or without plus disease 
and (c) zone 2, stage 2 or 3 ROP, with plus disease.21 After 
obtaining separate informed consent from their parents, 
infants with type 1 ROP were treated with near-confluent 
laser photocoagulation using 810 nm diode laser (Iridex, 
USA) to areas of avascular peripheral retina up to the ora 
serrata. The laser treatment was performed (IZB) within 
48 hours of detection of type 1 ROP.

Patients and public involvement
The parents of the infants and the public were not involved 
in the design or conduct of this study. The findings from this 
study will be disseminated to the public through lectures, 
presentation at conferences and publications.

Statistical analysis
Assuming incidence of ROP at GA 32 to 36 weeks was 7.7%,1 
at 95% CI and power of 80%, the minimum cohort required 
was 346. The primary outcome measure was cumulative 
incidence of ROP and secondary outcome measure was risk 
factors associated with ROP.

Microsoft Office Excel was used for data entry and anal-
ysis was done with Stata V.14.1. Cumulative incidence of 
ROP and 95% CI estimated by the binomial exact method 
was defined as the proportion of babies clinically diagnosed 
with ROP by the end of study period. Incidence rate was 
defined as the ratio of the total number of clinical ROP 
cases to the total child weeks at risk. This was expressed per 
1000 child weeks at risk. Relative risk was also computed 
as the ratio of the incident rate of exposed category to the 
incident rate of unexposed category. The log-rank test 
was used in testing for the equality of the survival func-
tion between the exposure levels of the independent vari-
ables. χ2/Fisher’s exact test of independence was used in 
testing for association between the cumulative incidence 
of ROP and the independent variables. The Cox propor-
tional hazards model was used in determining the effect 
of selected characteristics of the babies on their hazard (or 
risk) of developing ROP within the given study time period. 
Poisson regression model was used as a sensitive analysis. In 
testing for the proportionality assumption (PH) under the 
standard Cox model, the Schoenfeld residual test and the 
graphical approach were used. All statistical tests were done 
at 5% level of significance.

The study was performed in accordance with the tenets 
of Declaration of Helsinki on human subjects.

We used the STROBE cross-sectional reporting guide-
lines for reporting observational studies (von Elm E, Altman 
DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. 
The Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) Statement: guidelines for 
reporting observational studies.)

RESULTS
Of the 1544 infants admitted to the NICU over the 8 months 
study period, 688 (44.6%) met the inclusion criteria, 157 
(22.8%) died and 2 were transferred out before their first 
eye examination. Of the remaining 529 babies, 106 (20%) 
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were discharged without referral to the study team for 
eye examination, 22 (4.2%) infants could not be exam-
ined because parents refused consent for eye examina-
tion (despite prior informed consent at recruitment). The 
remaining 401 (75.80%) had at least one eye examination, 
12 infants died before discharge. The overall mortality 
rate of this cohort was 24.6% (169/688). The mortality 
rate among male infants was 30.4% (106/348) while in 
female infants was 18.5% (63/340) (Fisher’s exact test p 
value=0.0046). Figure  1 provides the flow of participants 
through the study.

Baseline characteristics of study participants
Overall, 222 (55.4%) of examined infants were females. 
The mean GA was 32.3±2.4 weeks (median 32, IQR 31 
to 34) and mean BW 1.6±0.4 kg (median 1.5, IQR 1.3 
to 1.9). Mean length of stay (LOS) was 20.9±15.1 days 
(median 17, IQR 9 to 29). The mean post menstrual age 
at first eye examination was 35.1±2.6 weeks (IQR 33 to 
37). The mean number of eye examinations was 1.5±0.7 
(median 1, IQR 1 to 2). Of 401 infants examined, 247 
(61.6%) required only one screening examination. The 
total number of screening examinations was 588, and 14 
(3.5%) infants did not complete screening examinations.

The prevalence of confirmed sepsis was 18.5% (74/401); 
294 (73.3%) infants had neonatal jaundice requiring 
phototherapy; 144 (35.9%) were fed via nasogastric tube; 
95 (23.7%) had LOS >28 days; 232 (57.9%) respiratory 
distress syndrome, 36 (9.0%) received blood transfusion; 
311 (77.6%) were singleton and 321 (80.1%) were deliv-
ered in KBTH (table 1). Poor pupil dilation occurred in 
3.2% (13/401) infants; 10 (2.5%) had persistent tunica 
vasculosa lentis, 1 (0.3%) had anterior pyramidal cataract 
and 1 (0.3%) had corneal opacity. The corneal opacity 
did not impede fundus examination.

The mean maternal age was 30.6±6.5 years and the 
underlying cause of preterm delivery were pre-eclampsia 
137 (34.2%), premature rupture of membranes 166 

(41.4%) and antepartum haemorrhage 23 (5.7%). 
Historical data on antenatal steroid for premature labour 
was available for 186 mothers, and 136 (73.1%) received 
at least one dose of dexamethasone.

Incidence of ROP and associated factors
Fifty-five (13.7%) infants had ROP. Among infants diag-
nosed with any type of ROP, the median GA at birth was 
29 weeks (IQR 28 to 31), and the median post-menstrual 
age was 34 weeks (IQR 33 to 35). One infant had zone 2 
stage 1 no plus ROP at GA greater than 32 weeks. This 
infant was born at GA of 34 weeks, was small for gesta-
tional age, had respiratory distress, congenital heart 
disease, confirmed neonatal sepsis and received blood 
transfusion during 57 days hospitalisation. All babies with 
ROP had BW <1.5 kg except one female infant of a mother 
with gestational diabetes mellitus who had BW 1.59 kg at 
GA 31 weeks; she had respiratory distress syndrome and 
poor weight gain. Of the five babies with ROP who died, 
four of them had zone 2 stage 1 no plus ROP and the fifth 
baby had zone 1 stage 2 ROP with plus disease (figure 1).

The incidence of retinopathy of prematurity and back-
ground characteristics of study participants is reported in 
table  1. The cumulative incidence (CI) of ROP among 
the infants was 13.7% (95% CI: 10.5% to 17.5%) and the 
incidence rate per 1000 child-weeks at risk was 3.8 (95% 
CI: 2.9 to 4.9). Of the screened infants, 156 (38.9%) had 
GA <32 weeks and 179 (44.4%) had BW <1.5 kg. Infants 
with GA <32 weeks had significantly higher cumulative 
incidence of ROP (‍χ2 = 72.5, p < 0.001‍). Infants with BW 
<1.5 kg were significantly, about 30 times, more likely to 
have ROP than those with BW of 1.5 kg or higher (Fish-
er’s exact test p value <0.001). LOS >4 weeks was signifi-
cantly associated with ROP (‍χ2 = 97.8, p < 0.001‍). Twelve 
(92.3%) of babies with poor pupillary dilation had ROP. 
Infants with poor pupillary dilation were about eight 
times more likely to have ROP than those with normal 
pupillary dilation (‍χ2 = 70.1, p < 0.001‍).

Figure 1  Diagram showing the flow of participants through the study. ROP, retinopathy of prematurity.



4 Braimah IZ, et al. BMJ Open 2020;10:e035341. doi:10.1136/bmjopen-2019-035341

Open access�

Ta
b

le
 1

 
In

ci
d

en
ce

 o
f r

et
in

op
at

hy
 o

f p
re

m
at

ur
ity

 a
nd

 b
ac

kg
ro

un
d

 c
ha

ra
ct

er
is

tic
s 

of
 s

tu
d

y 
p

ar
tic

ip
an

ts
 in

 K
B

TH

Fr
eq

ue
nc

y 
(%

)

C
um

ul
at

iv
e 

in
ci

d
en

ce
(9

5%
 C

I)
C

hi
ld

-w
ee

ks
 a

t 
ri

sk
R

O
P

 c
as

es

In
ci

d
en

ce
 r

at
e 

p
er

 
10

00
 c

hi
ld

-w
ee

ks
 a

t 
ri

sk
 (9

5%
 C

I)
R

R
Lo

g
-r

an
k 

te
st

O
ve

ra
ll

40
1

13
.7

 (1
0.

5 
to

 1
7.

5)
14

 5
92

55
3.

8 
(2

.9
 t

o 
4.

9)
_

LO
S

 >
4 

w
ee

ks

 �
N

o
30

6 
(7

6.
3)

4.
2 

(2
.3

 t
o 

7.
2)

11
 2

27
13

1.
2 

(0
.7

 t
o 

2.
0)

 �


 �
Ye

s
95

 (2
3.

7)
44

.2
 (3

4 
to

 5
4.

8)
33

65
42

12
.5

 (9
.2

 t
o 

16
.9

)
10

.8
<

0.
00

1

G
A

 <
32

 w
ee

ks

 �
N

o
24

5 
(6

1.
1)

2 
(0

.7
 t

o 
4.

7)
91

38
5

0.
5 

(0
.2

 t
o 

1.
3)

 �


 �
Ye

s
15

6 
(3

8.
9)

32
.1

 (2
4.

8 
to

 4
0)

54
54

50
9.

2 
(6

.9
 t

o 
12

.1
)

16
.8

<
0.

00
1

S
ex

 �
Fe

m
al

e
22

2 
(5

5.
4)

15
.8

 (1
1.

2 
to

 2
1.

2)
80

64
35

4.
3 

(3
.1

 t
o 

6)
 �



 �
M

al
e

17
9 

(4
4.

6)
11

.2
 (7

 t
o 

16
.7

)
65

28
20

3.
1 

(2
 t

o 
4.

7)
0.

7
0.

17
6

B
irt

h 
w

ei
gh

t 
<

1.
5 

kg

 �
N

o
22

3 
(5

5.
6)

0.
4 

(0
 t

o 
2.

5)
82

47
1

0.
1 

(0
 t

o 
0.

9)
 �



 �
Ye

s
17

8 
(4

4.
4)

30
.3

 (2
3.

7 
to

 3
7.

7)
63

45
54

8.
5 

(6
.5

 t
o 

11
.1

)
70

.2
<

0.
00

1

D
el

iv
er

y 
at

 K
B

TH

 �
N

o
80

 (2
0)

12
.5

 (6
.2

 t
o 

21
.8

)
29

05
10

3.
4 

(1
.9

 t
o 

6.
4)

 �


 �
Ye

s
32

1 
(8

0.
1)

14
 (1

0.
4 

to
 1

8.
3)

11
 6

87
45

3.
9 

(2
.9

 t
o 

5.
2)

1.
1

0.
84

9

Ty
p

e 
of

 g
es

ta
tio

n

 �
S

in
gl

e
31

1 
(7

7.
6)

12
.5

 (9
.1

 t
o 

16
.7

)
11

 3
53

39
3.

4 
(2

.5
 t

o 
4.

7)
 �



 �
M

ul
tip

le
90

 (2
2.

4)
17

.8
 (1

0.
5 

to
 2

7.
3)

32
39

16
4.

9 
(3

 t
o 

8.
1)

1.
4

0.
16

9

M
od

e 
of

 d
el

iv
er

y

 �
S

V
D

18
3 

(4
5.

6)
17

.5
 (1

2.
3 

to
 2

3.
8)

65
98

32
4.

8 
(3

.4
 t

o 
6.

9)
 �



 �
C

S
21

8 
(5

4.
4)

10
.6

 (6
.8

 t
o 

15
.4

)
79

94
23

2.
9 

(1
.9

 t
o 

4.
3)

0.
6

0.
02

5

S
m

al
l f

or
 g

es
ta

tio
n

 �
N

o
37

3 
(9

3)
14

.2
 (1

0.
8 

to
 1

8.
2)

13
 5

13
53

3.
9 

(3
 t

o 
5.

1)
 �



 �
Ye

s
28

 (7
)

7.
1 

(0
.9

 t
o 

23
.5

)
10

79
2

1.
9 

(0
.5

 t
o 

7.
4)

0.
5

0.
20

6

B
lo

od
 t

ra
ns

fu
si

on

 �
N

o
36

5 
(9

1)
9.

3 
(6

.5
 t

o 
12

.8
)

13
 3

24
34

2.
6 

(1
.8

 t
o 

3.
6)

 �


 �
Ye

s
36

 (9
)

58
.3

 (4
0.

8 
to

 7
4.

5)
12

68
21

16
.6

 (1
0.

8 
to

 2
5.

4)
6.

5
<

0.
00

1

C
ar

d
ia

c 
ab

no
rm

al
iti

es

 �
N

o
38

9 
(9

7)
12

.1
 (9

 t
o 

15
.7

)
14

 1
76

47
3.

3 
(2

.5
 t

o 
4.

4)
 �



 �
Ye

s
12

 (3
)

66
.7

 (3
4.

9 
to

 9
0.

1)
41

6
8

19
.2

 (9
.6

 t
o 

38
.5

)
5.

8
<

0.
00

1 C
on

tin
ue

d



5Braimah IZ, et al. BMJ Open 2020;10:e035341. doi:10.1136/bmjopen-2019-035341

Open access

Fr
eq

ue
nc

y 
(%

)

C
um

ul
at

iv
e 

in
ci

d
en

ce
(9

5%
 C

I)
C

hi
ld

-w
ee

ks
 a

t 
ri

sk
R

O
P

 c
as

es

In
ci

d
en

ce
 r

at
e 

p
er

 
10

00
 c

hi
ld

-w
ee

ks
 a

t 
ri

sk
 (9

5%
 C

I)
R

R
Lo

g
-r

an
k 

te
st

R
D

S

 �
N

o
16

9 
(4

2.
1)

1.
2 

(0
.1

 t
o 

4.
2)

63
04

2
0.

3 
(0

.1
 t

o 
1.

3)
 �



 �
Ye

s
23

2 
(5

7.
9)

22
.8

 (1
7.

6 
to

 2
8.

8)
82

88
53

6.
4 

(4
.9

 t
o 

8.
4)

20
.2

<
0.

00
1

P
re

m
at

ur
e 

R
O

M

 �
N

o
23

2 
(5

7.
9)

10
.8

 (7
.1

 t
o 

15
.5

)
85

16
25

2.
9 

(2
 t

o 
4.

3)
 �



 �
Ye

s
16

6 
(4

1.
4)

18
.1

 (1
2.

5 
to

 2
4.

8)
59

66
30

5 
(3

.5
 t

o 
7.

2)
1.

7
0.

01
8

 �
M

is
si

ng
3 

(0
.8

)
0 

(0
 t

o 
70

.8
)

P
re

-e
cl

am
p

si
a

 �
N

o
26

0 
(6

4.
8)

13
.8

 (9
.9

 t
o 

18
.7

)
94

59
36

3.
8 

(2
.7

 t
o 

5.
3)

 �


 �
Ye

s
13

7 
(3

4.
2)

13
.9

 (8
.6

 t
o 

20
.8

)
49

89
19

3.
8 

(2
.4

 t
o 

6)
1

0.
94

5

 �
M

is
si

ng
4 

(1
)

0 
(0

 t
o 

60
.2

)

P
re

na
ta

l s
te

ro
id

s

 �
N

o
50

 (1
2.

5)
26

 (1
4.

6 
to

 4
0.

3)
17

86
13

7.
3 

(4
.2

 t
o 

12
.5

)
 �



 �
Ye

s
13

6 
(3

3.
9)

14
 (8

.6
 t

o 
21

)
49

48
19

3.
8 

(2
.4

 t
o 

6)
0.

5
0.

03
9

 �
M

is
si

ng
21

5 
(5

3.
6)

10
.7

 (6
.9

 t
o 

15
.6

)

P
ar

ity

 �
N

ul
lip

ar
ou

s
13

6 
(3

3.
9)

18
.4

 (1
2.

3 
to

 2
5.

9)
49

07
25

5.
1 

(3
.4

 t
o 

7.
5)

 �
M

ul
tip

ar
ou

s
25

6 
(6

3.
8)

11
.7

 (8
 t

o 
16

.3
)

93
52

30
3.

2 
(2

.2
 t

o 
4.

6)
0.

6
0.

06
7

 �
M

is
si

ng
9 

(2
.2

)
0 

(0
 t

o 
33

.6
)

R
es

us
ci

ta
tio

n

 �
N

o
42

 (1
7.

4)
11

.9
 (4

.0
 t

o 
25

.6
)

15
27

5
3.

3 
(1

.4
 t

o 
7.

9)
 �



 �
Ye

s
38

 (1
5.

7)
31

.6
 (1

7.
5 

to
 4

8.
7)

13
51

12
8.

9 
(5

.0
 t

o 
15

.6
)

2.
7

<
0.

00
1

 �
M

is
si

ng
16

2 
(6

6.
9)

23
.5

 (1
7.

2 
to

 3
0.

7)

S
up

p
le

m
en

ta
l o

xy
ge

n

 �
N

o
15

5 
(3

8.
7)

0 
(0

 t
o 

2.
4)

57
61

0
_

 �


 �
Ye

s
24

2 
(6

0.
4)

22
.7

 (1
7.

6 
to

 2
8.

5)
86

87
55

6.
3 

(4
.9

 t
o 

8.
2)

_
<

0.
00

1

 �
M

is
si

ng
4 

(1
)

0 
(0

 t
o 

60
.2

)

M
od

e 
of

 o
xy

ge
n 

d
el

iv
er

y

 �
N

as
al

 c
an

nu
la

18
3 

(7
5.

6)
19

.6
 (1

4.
2 

to
 2

6.
2)

65
84

36
5.

5 
(3

.9
 t

o 
7.

6)

 �
C

PA
P

49
 (2

0.
3)

36
.7

 (2
3.

4 
to

 5
1.

7)
17

31
18

10
.4

 (6
.6

 t
o 

16
.5

)
1.

9
0.

00
9

Ta
b

le
 1

 
C

on
tin

ue
d

C
on

tin
ue

d



6 Braimah IZ, et al. BMJ Open 2020;10:e035341. doi:10.1136/bmjopen-2019-035341

Open access�

Fr
eq

ue
nc

y 
(%

)

C
um

ul
at

iv
e 

in
ci

d
en

ce
(9

5%
 C

I)
C

hi
ld

-w
ee

ks
 a

t 
ri

sk
R

O
P

 c
as

es

In
ci

d
en

ce
 r

at
e 

p
er

 
10

00
 c

hi
ld

-w
ee

ks
 a

t 
ri

sk
 (9

5%
 C

I)
R

R
Lo

g
-r

an
k 

te
st

 �
Fa

ce
 m

as
k

8 
(3

.3
)

0.
0 

(0
.0

 t
o 

36
.9

)
30

0
0

 �
M

is
si

ng
2 

(0
.8

)
0.

5 
(0

.1
 t

o 
98

.7
)

M
on

ito
rin

g 
S

p
O

2

 �
Ye

s
21

4 
(8

8.
4)

22
.0

 (1
6.

6 
to

 2
8.

1)
76

62
47

6.
1 

(4
.6

 t
o 

8.
2)

 �


 �
N

o
22

 (9
.1

)
22

.7
 (7

.8
 t

o 
45

.4
)

81
2

5
6.

2 
(2

.6
 t

o 
14

.8
)

1
0.

71
4

 �
M

is
si

ng
6 

(2
.5

)
50

.0
 (1

1.
8 

to
 8

8.
2)

C
on

fir
m

ed
 s

ep
si

s

 �
N

o
32

3 
(8

0.
6)

8.
4 

(5
.6

 t
o 

11
.9

)
11

 7
93

27
2.

3 
(1

.6
 t

o 
3.

3)
 �



 �
Ye

s
74

 (1
8.

5)
37

.8
 (2

6.
8 

to
 4

9.
9)

26
55

28
10

.5
 (7

.3
 t

o 
15

.3
)

4.
6

<
0.

00
1

 �
M

is
si

ng
4 

(1
)

0 
(0

 t
o 

60
.2

)

N
eo

na
ta

l j
au

nd
ic

e

 �
N

o
10

3 
(2

5.
7)

5.
8 

(2
.2

 t
o 

12
.2

)
38

05
6

1.
6 

(0
.7

 t
o 

3.
5)

 �


 �
Ye

s
29

4 
(7

3.
3)

16
.7

 (1
2.

6 
to

 2
1.

4)
10

 6
43

49
4.

6 
(3

.5
 t

o 
6.

1)
2.

9
0.

00
7

M
is

si
ng

4 
(1

)
0 

(0
 t

o 
60

.2
)

P
ho

to
th

er
ap

y

 �
N

o
10

7 
(2

6.
7)

5.
6 

(2
.1

 t
o 

11
.8

)
39

54
6

1.
5 

(0
.7

 t
o 

3.
4)

 �


 �
Ye

s
29

0 
(7

2.
3)

16
.9

 (1
2.

8 
to

 2
1.

7)
10

 4
94

49
4.

7 
(3

.5
 t

o 
6.

2)
3.

1
0.

00
4

 �
M

is
si

ng
4 

(1
)

0 
(0

 t
o 

60
.2

)

N
G

 t
ub

e 
fe

ed
in

g

 �
N

o
25

2 
(6

2.
8)

2.
4 

(0
.9

 t
o 

5.
1)

93
02

6
0.

6 
(0

.3
 t

o 
1.

4)
 �



 �
Ye

s
14

4 
(3

5.
9)

33
.3

 (2
5.

7 
to

 4
1.

7)
51

16
48

9.
4 

(7
.1

 t
o 

12
.5

)
14

.5
<

0.
00

1

 �
M

is
si

ng
5 

(1
.3

)
20

 (0
.5

 t
o 

71
.6

)

A
m

in
op

hy
lli

ne

 �
N

o
15

2 
(3

7.
9)

0.
7 

(0
 t

o 
3.

6)
57

06
1

0.
2 

(0
 t

o 
1.

2)
 �



 �
Ye

s
24

3 
(6

0.
6)

21
.8

 (1
6.

8 
to

 2
7.

5)
86

76
53

6.
1 

(4
.7

 t
o 

8)
34

.9
<

0.
00

1

 �
M

is
si

ng
6 

(1
.5

)
16

.7
 (0

.4
 t

o 
64

.1
)

P
oo

r 
p

up
ill

ar
y 

d
ila

tio
n

 �
N

o
38

8 
(9

6.
8)

11
.1

 (8
.1

 t
o 

14
.6

)
14

 1
47

43
3 

(2
.3

 t
o 

4.
1)

 �


 �
Ye

s
13

 (3
.2

)
92

.3
 (6

4 
to

 9
9.

8)
44

5
12

27
 (1

5.
3 

to
 4

7.
5)

8.
9

<
0.

00
1

%
, p

er
ce

nt
ag

e;
 C

PA
P,

 c
on

tin
uo

us
 p

os
iti

ve
 a

irw
ay

 p
re

ss
ur

e;
 C

S
, c

ae
sa

re
an

 s
ec

tio
n;

 G
A

, g
es

ta
tio

na
l a

ge
; K

B
TH

, K
or

le
-B

u 
Te

ac
hi

ng
 H

os
p

ita
l; 

LO
S

, l
en

gt
h 

of
 s

ta
y;

 N
G

, n
as

og
as

tr
ic

; R
D

S
, 

re
sp

ira
to

ry
 d

is
tr

es
s 

sy
nd

ro
m

e;
 R

O
M

, r
up

tu
re

 o
f m

em
b

ra
ne

s;
 R

O
P,

 r
et

in
op

at
hy

 o
f p

re
m

at
ur

ity
; R

R
, r

el
at

iv
e 

ris
k 

ra
tio

; S
p

O
2,

 o
xy

ge
n 

sa
tu

ra
tio

n;
 S

V
D

, s
p

on
ta

ne
ou

s 
va

gi
na

l d
el

iv
er

y.

Ta
b

le
 1

 
C

on
tin

ue
d



7Braimah IZ, et al. BMJ Open 2020;10:e035341. doi:10.1136/bmjopen-2019-035341

Open access

Frequency of type 1 ROP
The relationship between the frequency of ROP versus 
gestational age and birth weight are summarised in 
table 2. Seven (1.8%) infants developed type 1 ROP and 
six were treated with diode laser photocoagulation. The 
seventh infant died within 24 hours of diagnosis. Among 
infants with type 1 ROP, median GA was 29 weeks (IQR 
28 to 30.5), median BW was 1.1 kg (IQR 1.0 to 1.1) and 
median postmenstrual age was 34 weeks (IQR 33 to 34.5). 
Six (46.2%) of the babies with poor pupillary dilation had 
type 1 ROP. The cumulative incidence of type 1 ROP in 
the group with ROP was 12.7% (95% CI: 5.3% to 25.5%). 
The cumulative incidence of type 1 ROP was significantly 
higher among children who had poor pupillary dilation 
(50.0% vs 2.3%, ‍Fishers

′
exact p − value < 0.001‍)

Determinants of risk of developing ROP
Table 3 presents details of the results on test of propor-
tionality hazard assumption for the independent variables 
together with the global test for both before and after 
stratification approach. From the tests, with the excep-
tion of GA <32 weeks, all the other variables satisfied the 
assumption for the proportional hazards model. Since 
GA <32 weeks was significant but violated the assumption, 

it could not be discarded from the model. However, to 
control for it, the stratification approach was used.

From the multiple cox proportional hazard model 
(table 4), BW <1.5 kg, vaginal delivery, confirmed sepsis 
status, NG tube feeding and poor pupillary dilation status 
were significantly predictive of the risk of any ROP. The 
hazard of developing ROP among babies with BW <1.5 kg 
was about 11 times that of babies with greater birth weights 
(adjusted HR (aHR): 11.7, 95% CI: 1.5 to 91.6). However 
this effect should be treated with caution because of the 
wide CI. Male babies (aHR: 0.4, 95% CI: 0.2 to 0.7) as 
well as babies delivered by caesarean section (aHR: 0.3, 
95% CI: 0.1 to 0.8) had a reduced risk of developing ROP 
compared with female babies and those delivered vagi-
nally, respectively.

DISCUSSION
This study has established the occurrence of ROP in 
preterm infants admitted to a NICU in Accra, Ghana. 
We have also determined the incidence and risk factors 
for ROP in this cohort with a cumulative incidence of 
13.7% and 3.8 incidence rate per 1000 child-weeks at risk. 
Published work from West Africa did not report the inci-
dence rate, and ROP screening was restricted to babies 
with BW ≤1.5 kg and GA <32 weeks.22–24 The finding of 
ROP in one infant with BW >1.5 kg and GA >32 weeks 
in this cohort corroborates reports from middle-income 
countries.25–27 We however did not find type 1 ROP among 
infants with GA >32 weeks or BW >1.25 kg, a finding simi-
larly reported by Mayet and Cockinos in South Africa and 
Freitas et al in Brazil.28 29 Zin et al reported that, in NICUs 
with high survival rates (>80%), all infants needing treat-
ment had BW <1.5 kg or GA <32 weeks.27 They suggested 
that survival rates for infants with BW ≤1.5 kg may predict 
babies at risk of ROP needing treatment.27 The incidence 
of ROP in Nigeria was reported to be very low over a 
decade ago.22 23 The low rate of ROP was attributed to 
high infant mortality rate in West Africa, and that blind-
ness from ROP was not a problem in SSA because prema-
ture infants did not survive long enough to develop severe 
ROP.2 The incidence of ROP was however found to be 
higher in South Africa and Kenya.28 30 There are recent 
reports of increasing incidence of ROP in SSA24 31 32 and 
this can be attributed to the decline in neonatal mortality 
rate associated with expansion in neonatal and special 
care baby units but with inadequate human resource and 
unmonitored oxygen use.16 18 33 The low cumulative inci-
dence of ROP (13.7%) in our study was due to the adop-
tion of a wide screening criteria of BW <2 kg or GA <37 
weeks. Fifty (30.3%) of the babies with BW <1.5 kg, and 
54 (32.1%) of babies with GA <32 weeks developed ROP 
in our study.

The incidence of type 1 ROP (1.8%) in our study is 
consistent with previous reports of low incidence of 
type 1 ROP worldwide.1 2 10 34 Screening for ROP is advo-
cated because premature babies with type 1 ROP are 
at a high risk of blindness and the associated effects of 

Table 2  Frequency of any ROP and type 1 ROP versus 
gestational age and birth weight

Number (%) Any ROP (%)
Type 1 
ROP (%)

Gestational age (weeks)

 � 27 8 (2.0) 7/8 (87.55) 1/8 (12.5)

 � 28 20 (5.0) 11/20 (55.0) 2/20 
(10.0)

 � 29 31 (7.7) 11/31 (35.5) 1/32 (3.1)

 � 30 41 (10.2) 9/41 (22) 1/41 (2.4)

 � 31 56 (14.0) 12/56 ((21.4) 2/56 (3.6)

 � 32 46 (11.5) 4/46 (8.7)

 � 33 61 (15.2) 0

 � 34 52 (13.0) 1 (1.9)

 � 35 54 (13.5) 0

 � 36 31 (7.7) 0

 � 37 0 0

 � 38 1 (0.3) 0

Total 400(100) 55 (13.7) 7 (1.8)

Birth weight (kg)

 � 0.750–1.000 20 (5.0) 12/20 (60) 2/20(10)

 � 1.001–1.250 70 (17.5) 31/70 (44.3) 5/70 (7.1)

 � 1.251–1.500 96 (23.9) 11/96 (11.4) 0

 � 1.501–1.750 78 (19.4) 1/78 (1.3) 0

 � >1.750 137 (34.2) 0 0

Total 401 (100) 55 (13.7) 7 (1.8)

ROP, retinopathy of prematurity.
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lifelong blindness.1 25 Guidelines for ROP screening vary 
according to socioeconomic status with LMIC adopting 
broader screening criteria compared with high-income 
countries. The American Academy of Pediatrics, Amer-
ican Academy of Ophthalmology and other professional 
bodies in the USA recommend screening of all babies with 

BW ≤1500 g or GA ≤30 weeks and selected infants with 
BW between 1500 and 2000 g or GA of >30 weeks who are 
believed by their attending paediatrician or neonatologist 
to be at risk for ROP.35 The UK retinopathy of prematu-
rity guidelines recommends that, babies with BW <1501 g 
or GA <32 weeks should be screened for ROP.36 While 

Table 3  Test of proportionality assumption

 

Before stratification After stratification

χ2 Prob > χ2 χ2 Prob > χ2

Length of admission >4 weeks: yes 1.68 0.1948 1.37 0.242

GA <32 weeks: yes 6.4 0.0114

Sex: male 3.34 0.0677 3.13 0.0767

Birth weight less than 1.5 kg: yes 0.96 0.3284 0.86 0.3538

Delivered at KBTH: yes 0.49 0.486 0.69 0.4061

Mode of delivery: CS 0.19 0.6634 0.26 0.612

Transfusion: yes 0.02 0.8831 0.02 0.8767

Cardiac abnormalities: yes 1.05 0.3055 1.34 0.2466

RDS: yes 1.22 0.2697 1.51 0.2184

Premature ROM: yes 0 0.9728 0 0.9523

Confirmed sepsis: yes 2.07 0.15 1.8 0.1793

Neonatal Jaundice: yes 1.23 0.2672 1.4 0.2375

Tube feeding: yes 1.99 0.1586 1.59 0.2071

Bronchodilator - aminophylline: yes 2 0.1572 2.01 0.1563

Poor pupillary dilation: yes 2.83 0.0927 3.01 0.0829

Global test 27.3 0.0264 23.6 0.0512

CS, caesarean section; GA, gestational age; KBTH, Korle-Bu Teaching Hospital; RDS, respiratory distress syndrome; ROM, rupture of 
membranes.

Table 4  Effects of selected characteristics on incidence of ROP among babies at KBTH

 

Cox model Poisson model

aHR 95% CI P value aRR 95% CI P value

Length of admission >4 weeks: yes 2 0.97 to 4.12 0.06 1.93 0.93 to 4.00 0.077

Sex: male 0.37 0.19 to 0.74 0.004 0.52 0.28 to 0.97 0.04

Birth weight less than 1.5 kg: yes 11.66 1.49 to 91.62 0.019 12.17 1.53 to 96.60 0.018

Delivered at KBTH: yes 1.25 0.57 to 2.73 0.579 1.37 0.64 to 2.92 0.421

Mode of delivery: CS 0.31 0.12 to 0.83 0.019 0.35 0.14 to 0.91 0.032

Transfusion: yes 1.05 0.53 to 2.08 0.886 1.33 0.68 to 2.58 0.405

Cardiac abnormalities: yes 1.78 0.66 to 4.75 0.253 0.93 0.37 to 2.34 0.875

RDS: yes 2.68 0.58 to 12.45 0.208 3.01 0.66 to 13.76 0.156

Premature ROM: yes 0.7 0.26 to 1.89 0.478 0.63 0.24 to 1.64 0.346

Confirmed sepsis: yes 2.72 1.47 to 5.04 0.001 2.01 1.11 to 3.65 0.022

Neonatal jaundice: yes 1.23 0.48 to 3.10 0.667 1.17 0.47 to 2.90 0.73

NG tube feeding: yes 2.8 1.10 to 7.10 0.03 2.2 0.85 to 5.70 0.105

Aminophylline use: yes 2.2 0.25 to 19.62 0.48 1.92 0.22 to 17.09 0.559

Poor pupillary dilation: yes 2.28 1.08 to 4.82 0.032 2.09 1.03 to 4.26 0.041

aHR, adjusted HR; aRR, adjusted relative risk; CS, caesarean section; KBTH, Korle-Bu Teaching Hospital; NG, nasogastric tube; RDS, 
respiratory distress syndrome; ROP, retinopathy of prematurity.
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only one baby with ROP would have been missed in our 
study using BW ≤1500 g criteria, 17 (30.9%) and 5 (9.1%) 
of babies with ROP would have been missed using GA ≤30 
weeks and GA <32 weeks, respectively. This latter findings 
of ROP in more mature babies than in the USA or UK is 
consistent with other reports in LMIC.25–27 The KBTH is a 
level 3A high volume unit with insufficient staff especially 
neonatologist and neonatal nurses, and limited number 
of equipment especially pulse oximeters for monitoring 
oxygen saturation. Administered oxygen to VLBW babies 
is largely unblended with blending restricted to babies on 
continuous positive airway pressure who are been weaned 
off oxygen. Continuous monitoring of oxygen is lacking 
and oxygen saturation is often measured in very ill babies 
with unstable clinical course. The level of neonatal care 
is therefore suboptimal compared with the USA or UK. 
As the largest tertiary hospital, the level of neonatal care 
in KBTH is expected to be higher than other NICUs and 
special care baby units in Ghana. Our findings may not be 
representative of other NICUs and special care baby units 
because of variations in the level and quality of neonatal 
care.27 29 Our proposed screening criteria for Ghana are 
birth weight less than 1.6 kg or gestational age less than 
or equal to 34 weeks. These criteria should be reviewed 
when additional data from other NICUs and special care 
baby units become available in the future.

Our finding of VLBW, confirmed sepsis and exposure 
to supplemental oxygen as independent risk factors for 
ROP is supported by previous published reports.5–10 A 
prospective study in Egypt found sepsis as independent 
risk factor for ROP.34 The rate of sepsis in this Egyptian 
study was high; 92.3% in the babies with ROP and 47% 
in those without ROP.34 A prospective study in the Neth-
erlands found lower rate of sepsis; 31.7% in babies with 
ROP and 17.8% among those without ROP.37 The rate of 
sepsis in a large nationwide cohort of preterm babies in 
the USA with hospital LOS >28 days was 41.4% for the 
babies with ROP and 39.0% in the babies without ROP.38 
In our study, confirmed sepsis was found in 50.9% of the 
babies who developed ROP and in 13.3% without ROP. 
Although the rate of sepsis in babies with ROP appear to 
be higher in our study compared with the Netherlands 
and USA, direct comparison cannot be made due to 
differences in screening criteria, level of prematurity and 
birth weight. The number of days of oxygen exposure was 
the only independent risk factor for ROP in a prospec-
tive study by Wanjala et al in Kenya.30 Other studies on 
risk factors of ROP in SSA reported on univariate analysis 
without performing multiple logistic regression analysis 
and hence their findings may be limited by confounding 
factors.23 24 32 39

A number of studies have observed that male sex was a 
significant risk factor for ROP.37 40 41 Other studies found 
female sex as an independent risk factor for ROP.38 42 
Shim et al found female sex as an independent risk factor 
for severe ROP in babies with GA >25 weeks.42 In our 
cohort, all babies below 27 weeks gestation died before 
they were due for eye examination. Our findings of 

higher risk of ROP (p=0.004) in females with 27 weeks 
of gestation or greater compared with males is therefore 
in agreement with similar observation by Shim et al.42 
The observation that the mortality rate among males was 
significantly higher compared with females in our current 
study corroborate findings from previous studies.42–44 
Our finding that male sex was independently associated 
with reduced risk of ROP may also be due to the fact that 
extremely premature male infants did not survive long 
enough to develop ROP.

Feeding through NG tube was also an independent risk 
factor for ROP in our study. Tube feeding is generally 
required for neonates with poor suck, swallow or respira-
tory coordination due to illness or prematurity, especially 
before 33 to 36 weeks post-conceptional age.45 The need 
for tube feeding should therefore correlate well with gesta-
tion, severity of illness and with occurrence of ROP.11 25 
The presence of poor pupillary dilation was an indepen-
dent risk factor for type 1 ROP in our study. Other ocular 
features found in the babies with poor pupillary dilation 
were corneal haze, persistent tunica vasculosa lentis and 
engorged iris vessels all of which are features associated 
with severe ROP.7 15 Six (85.7%) of the babies with type 1 
ROP in this study had poor pupillary dilation at the first 
screening examination. Poor pupillary dilation may be a 
result of improper instillation of eye drops, although the 
neonatal/ophthalmic nurses in this study were taught on 
proper instillation of eye drops and at scheduled inter-
vals as per our study protocol. Manzoni et al observed that 
birth by vaginal delivery was an independent predictor 
of threshold ROP compared with caesarean section in 
extremely low birth weight infants (p=0.04).46 Kardum et 
al did not find significant difference in the rate of ROP 
between babies born vaginally compared with caesarean 
section.47 Caesarean section as a mode of delivery of 
babies was associated with a reduced risk of ROP in this 
current study (aHR 0.3, p=0.019).

There are several limitations to our study. Due to the 
high mortality among the extremely premature babies, 
the incidence of ROP among babies with GA <27 weeks 
could not be determined. Also, 19% of eligible babies 
could not be examined either due to early discharge of 
the babies without being referred for eye examination, 
transfer out of the NICU prior to eye examination or 
parents revoking consent. Aside poor pupillary dilation, 
other factors were not significantly associated with type 
1 ROP probably due to the small number of babies who 
developed these conditions. The duration of oxygen use 
was excluded from statistical analysis due to poor docu-
mentation of this parameter. Although the sample size for 
this study is small compared with studies outside Africa, it 
is the largest single centre prospective study on ROP in 
West Africa, and has provided risk factors that influence 
the incidence of ROP in a West African population.

In conclusion, the cumulative incidence of ROP at the 
NICU of KBTH was 13.7% and type 1 ROP occurred in 
babies with birth weight less than 1250 g. The indepen-
dent risk factors for ROP in these Ghanaian premature 
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infants were very low birth weight, exposure to supple-
mental oxygen, confirmed sepsis, feeding via nasogastric 
tube and poor pupillary dilatation. Male sex and delivery 
via caesarean section were associated with reduced risk of 
ROP. We recommend routine screening of infants with 
birth weight less than 1.6 kg or gestational age less than or 
equal to 34 weeks for ROP in Ghana. Further studies are 
required to establish more robust screening criteria for 
ROP in Ghana. A large multicentre study on risk factors 
for ROP is urgently required in Ghana and sub-Saharan 
Africa.
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