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Abstract

Aim To describe and evaluate the trends in the

incidence of retinopathy of prematurity over a 10-year

period in a tertiary hospital in Hong Kong.

Methods A retrospective review was performed on

all preterm infants screened and/or treated for

retinopathy of prematurity from January 2006 to

December 2015 at Prince of Wales Hospital, Hong

Kong. Preterm infants with incomplete records or

transferred-in from other hospitals/region solely for

treatment of ROPwere excluded. The incidence of any

ROP or Type 1 ROP was analysed with gestational age

and birth weight over a 10-year period with consec-

utive 2-year intervals to evaluate the trends.

Results Of all 754 infants included in the study, 234

(31.0%) patients had any ROP and 34 (4.5%) infants

developed Type 1 ROP. The incidence of any ROP

demonstrated a statistically significant decreasing

trend over the five consecutive 2-year intervals

(p = 0.016), but the incidence trend of Type 1 ROP

is not statistically significant. No infants weighing

more than 1250 g developed Type 1 ROP.

Conclusion We observed a decreasing trend in the

incidence of any ROP across the 10-year period in a

tertiary hospital in Hong Kong, while the incidence of

Type 1 ROP remained stable at 4.5%. The factors

leading to the trend were unclear. Improved prenatal

care, changing proportion of cases with different birth

weight and gestational age, oxygenation level practice

in neonatal unit may all contribute to the decreasing

trend. Revision of screening criteria may be made

according to local experience to maximise cost-

effectiveness.
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Introduction

Retinopathy of prematurity (ROP) is one of the

leading causes of preventable childhood blindness

throughout the world, in particular in middle-income

countries [1]. The International Classification of ROP

(ICROP) standardised the terminology used to

describe ROP, and a revision of the classification

was published in 2005 [2, 3]. The British guidelines

from the Royal College of Paediatrics and Child

Health in 2008 recommended screening for ROP in

premature infants with gestational age (GA) of\ 32

weeks or birth weight (BW) of\ 1501 g [4]. This

guideline had been evaluated to be applicable to the

ROP screening in Hong Kong [5]. The CRYO-ROP

study, Laser ROP Study and the Early Treatment for
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Retinopathy of Prematurity (ETROP) study had

guided and revised the treatment modalities and

indication of treatment of severe ROP [6–8].

Incidence of preterm birth (before gestational age

of 37 weeks) varies across the world. In developed

countries, the rate of preterm birth ranges from 5 to

13% [9]. Due to advancement of obstetric and

neonatal care, the rate of preterm birth increased in

many developed countries. In a retrospective cohort

study in a tertiary centre in Hong Kong, the overall rate

of preterm delivery was 6.5% for 1995–2011 [10].

Incidence of ROP varies greatly in different parts of

the world [11, 12]. Population-based study on the

incidence of ROP varies due to various reasons, e.g.

difference in the proportion of preterm infants who

survived, inclusion criteria for study, quality of

neonatal intensive and ophthalmological care, differ-

ence in the ROP screening programme and compli-

ance to the screening programme. In developed

countries, the incidence of ROP ranges from 17 to

36.4% [13, 14].

The aim of this study is to describe and evaluate the

trends in the incidence of retinopathy of prematurity

over a 10-year period in a tertiary neonatal unit in

Hong Kong.

Subjects and methods

This was a retrospective study conducted at Prince of

Wales Hospital in Hong Kong, a tertiary hospital with

neonatal intensive care unit service serving the

northern part of Hong Kong. The medical records of

all preterm infants screened and/or treated for

retinopathy of prematurity at Prince of Wales Hospital

from 1 January 2006 to 31 December 2015 were

reviewed. Clinical parameters including sex, race,

gestational age, birth weight, the presence of any

degree of ROP in each eye, severity and type of ROP

in each eye were charted. Preterm infants transferred-

in from other hospitals/region solely for the treatment

of ROP were excluded from this study as this was a

selected treatment group transferred-in and would bias

the overall trend. Infants with incomplete records were

also excluded. The study protocol was approved by the

Joint Chinese University of Hong Kong—New Terri-

tories East Cluster Clinical Research Ethics Commit-

tee (The Joint CUHK-NTEC CREC) under the

Chinese University of Hong Kong, and is compliant

to the Declaration of Helsinki. Our hospital had been

screening premature babies with\ 32-week gestation

or\ 1501 g birth weight or those considered as high-

risk cases by neonatologists were screened for ROP.

The first ROP screening was performed in infants at

31-week gestational age or 4-week postnatal age,

whichever was later, which was in line with the Royal

College of Ophthalmologists Retinopathy of Prema-

turity Guideline (2008), and this guideline was

formally adopted after its publication. Fundal exam-

inations were performed by two experienced paedi-

atric ophthalmologists. Pupils were dilated with a

mixture of cyclopentolate 0.5% and phenylephrine

1.25% before fundal examination. Indirect ophthal-

moscopy was performed using a 28 dioptre lens after

the application of local anaesthesia and lid speculum.

The stages of ROP were described according to the

International Classification of Retinopathy of Prema-

turity (2005). Indications for treatment are Type 1

ROP and aggressive posterior ROP (AP-ROP).

The incidence of patients with any degree of ROP,

Type 1 ROP in either eye was analysed with birth

weight and gestational age over the 10-year period

with consecutive 2-year intervals to evaluate any

trends over the period. The trend analysis is performed

with linear-by-linear association test in the Statistical

Package for the Social Sciences (Mac version 22.0;

SPSS Inc, Chicago [IL], USA).

Results

Demographics

A total of 754 infants satisfying the criteria were

included in this study. Majority was of Chinese

ethnicity (98.5%). The mean gestational age was

29 weeks 6 days ± 2 weeks 3 days (range

23–37 weeks) at birth, and the mean birth weight

was 1.25 ± 0.33 kg (range 0.42–2.55 kg). There were

362 girls (48.0%) and 392 (52.0%) boys. Six hundred

and four cases (80.1%) had a birth weight of\ 1500

g, and 623 (82.6%) of them was born before 32 weeks

of gestation. Demographic details and characteristics

are summarised in Table 1.

123

904 Int Ophthalmol (2019) 39:903–909



Incidence and trends of any ROP and Type 1 ROP

Among all the 754 infants who were included in this

study, a total of 234 (31.0%) infants had some degree

of ROP and 34 (4.5%) developed Type 1 ROP. To

evaluate the trends in the incidence of retinopathy of

prematurity over the study period, the study period

was divided into five consecutive 2-year intervals:

2006–2007, 2008–2009, 2010–2011, 2012–2013 and

2014–2015. A decreasing trend in the overall inci-

dence of any ROPwas observed over this study period.

The trend tested by linear-by-linear association test is

statistically significant for any ROP (p = 0.016). The

incidence of Type 1 ROP ranged from 3.4 to 5.2% over

the study period intervals. The trend analysis by

linear-by-linear association test is not statistically

significant for Type 1 ROP. Detailed data are shown in

Table 2. Among the 34 infants with Type 1 ROP, the

mean GA was 26 weeks 4 days ± 2 weeks 1 day

(range 23 weeks 2 days–32 weeks) and the mean birth

weight was 0.86 ± 0.19 kg (range 0.60–1.24 kg).

Subgroup analysis of any ROP and Type 1 ROP

according to birth weight and gestational age

The incidence of any ROP was analysed by stratifi-

cation according to birth weight and gestational age

(Table 2). It remained high for the group with birth

weight\=1000 g (61.8–84.2%) and the group with

gestation less than 28 weeks (65.6–96%). However,

the trend test analysis is only statistically significant

for the subgroup with gestational age between 30 and

32 weeks.

The incidence of Type 1 ROP, when analysed

according to birth weight (Table 2), showed that none

of the infants with birth weight above 1250 g devel-

oped Type 1 ROP over the 10-year interval and the risk

of Type 1 ROP is very low for gestational age above

30 weeks. The incidence of Type 1 ROP might have a

decreasing trend for the subgroup with gestational

age\ 28 weeks although it did not reach statistically

significant level.

Table 1 Demographic details and patient characteristics

2006–2007 2008–2009 2010–2011 2012–2013 2014–15

BW (kg), mean ± SD 1.19 ± 0.30 1.24 ± 0.32 1.28 ± 0.34 1.27 ± 0.32 1.29 ± 0.35

GA (weeks), mean ± SD 296 ± 23 30 ± 24 30 ± 23 296 ± 22 296 ± 22

Gender, n (%)

Male 65 (51.2) 81 (52.9) 86 (54.4) 86 (50.6) 74 (50.7)

Female 62 (48.8) 72 (47.1) 72 (45.5) 84 (49.4) 72 (49.3)

Race, n (%)

Chinese 126 (99.2) 151 (98.7) 153 (96.8) 168 (98.8) 145 (99.3)

Non-Chinese 1 (0.8) 2 (1.3) 5 (3.2) 2 (1.2) 1 (0.7)

BW, n (%)

B 1000 g 39 (30.7) 38 (24.8) 38 (24.1) 42 (24.7) 34 (23.3)

1001–1250 27 (21.3) 38 (24.8) 32 (20.2) 32 (18.8) 26 (17.8)

1251–1500 47 (37.0) 55 (36.0) 52 (32.9) 54 (31.8) 50 (34.2)

[ 1500 14 (11.0) 22 (14.4) 36 (22.8) 42 (24.7) 36 (24.7)

GA (wks), n (%)

\ 26 7 (5.5) 14 (9.2) 12 (7.6) 11 (6.5) 10 (6.8)

26–\ 28 18 (14.2) 15 (9.8) 15 (9.5) 24 (14.1) 22 (15.1)

28–\ 30 35 (27.6) 47 (30.7) 42 (26.6) 35 (20.6) 33 (22.6)

30–\ 32 46 (36.2) 41 (26.8) 58 (36.7) 82 (48.2) 56 (38.4)

C 32 21 (16.5) 36 (23.5) 31 (19.6) 18 (10.6) 25 (17.1)

Total number of infants 127 153 158 170 146
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Discussion

The reported incidence of ROP among developed

countries varied greatly [13–19]. A recent study

reported even greater variation among developed

countries within selected subgroup of extremely

preterm infants weighing\ 1500 g at 24–27-week

6-day gestation, of which the rates of any ROP ranged

from 25.2 to 91.0% [19]. Difference in survival rate of

extremely preterm infants, neonatal care and practice,

accuracy of diagnosis and treatment thresholds may all

contribute to these variations. The reported incidence

of ROP in Hong Kong varied between 16.9 and 28.2%,

while Type 1 ROP remained at low incidence between

3.4 and 3.8% [5, 20, 21]. The British screening

guideline is generally adopted in Hong Kong neonatal

units and was found to be applicable without missing

treatment-requiring cases [5, 21]. In this study, we

evaluated the trends of ROP in a tertiary centre in

Hong Kong and found that the incidence of any ROP

showed a general decreasing trend over our 10-year

study period, while the incidence of Type 1 ROP did

not show a statistically significant decreasing trend.

This is consistent with the findings in a Scottish

population, which observed a reduction in the inci-

dence of any ROP from 1990 to 2004 [13]. However, a

Swedish group noted that the incidence of ROP in

infants with a birth weight of 1500 g or less remained

the same in two consecutive populations one decade

Table 2 Incidence of any ROP and Type 1 ROP between 2006 and 2015

2006–07 2008–2009 2010–2011 2012–2013 2014–2015 p value

Incidence of any ROP and Type 1 ROP

Any ROP (%) 37.8 31.2 32.3 31.2 23.3 0.016*

Type 1 ROP (%) 4.7 5.2 5.1 4.1 3.4 0.460

Stratification of incidence of any ROP according to birth weight and gestational age

BW (%)

B 1000 g 64.1 84.2 78.9 71.2 61.8 0.513

1001–1250 44.4 31.6 37.5 43.8 23.0 0.379

1251–1500 21.3 5.5 15.4 14.8 10.0 0.474

[ 1500 7.1 4.5 2.8 2.4 5.6 0.853

GA, wks (%)

\ 28 84.0 86.2 96.0 82.9 65.6 0.123

28–\ 30 45.7 34.0 45.2 42.9 27.3 0.341

30–\ 32 21.7 12.2 6.9 9.8 7.1 0.028*

C 32 5.0 5.6 12.9 5.6 0 0.519

Stratification of incidence of Type 1 ROP according to birth weight and gestational age

BW (%)

B 1000 g 12.8 18.4 13.2 7.1 11.8 0.413

1001–1250 3.7 2.6 9.4 12.5 3.8 0.395

1251–1500 0 0 0 0 0 NA

[ 1500 0 0 0 0 0 NA

GA, wks (%)

\ 28 24.0 24.1 18.5 11.4 12.5 0.120

28–\ 30 0 2.1 4.8 5.7 0 0.637

30–\ 32 0 0 0 1.2 1.8 0.179

C 32 0 0 3.2 0 0 0.955

Total number of infants 127 153 158 170 146

NA not applicable

*p\ 0.05
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apart [14]. Another study in Turkey noted an increased

incidence of ROP over a 10-year period, but the

numbers of treatment-requiring cases were similar in

both periods [22]. Improved survival rates of prema-

ture infants and infants with low birth weight,

however, might have resulted in an increased inci-

dence of ROP. Higher quality of care from the

neonatal intensive care might on the other hand

contributed to decreased incidence of ROP. Our

overall incidence of ROP is comparable with that of

the developed countries [15–18], and the incidence of

Type 1 ROP is 4.5% (Table 3).

It had been reported that Asian might be at a higher

risk of developing threshold ROP compared to white

infants [23, 24]. In our study, the percentage of any

ROP for infants with weight\= 1000 g (61.8–84.2%)

or gestational age\ 28 weeks (65.6–96) was on the

high side compared with those reported by Darlow

et al. [19] in which any ROP rates of a selected group

of preterm infants ranged from 25.2 to 91.0% in

Switzerland and Japan, respectively. It is interesting

that any ROP rates reported by another Hong Kong

group for these subgroup infants are also similar,

70.6% for\ 1000 g and 66.7% for\ 28-week gesta-

tion [21]. Whether Asian not only have higher risk of

developing threshold ROP but also at risk of devel-

oping any degree of ROP will need further study.

Interestingly, an interval rise in ROP incidence

around 2010–2013 was noted in our study. This period

corresponded to the period when an increasing number

of non-local expectant mothers had travelled from the

Mainland China to Hong Kong to deliver their babies.

The number of live births born in Hong Kong to

Mainland women peaked at 2010–2012. These non-

local mothers frequently had no or substandard

antenatal care leading to higher incidence of adverse

pregnancy outcomes [25]. This might have con-

tributed to the increase in the incidence of ROP as

well as the incidence of Type 1 ROP during this

period.

None of the infants with birth weight above 1250 g

developed Type 1 ROP (Table 2). Only one infant

who was born at 32 weeks or above had Type 1 ROP

(Table 2) and that infant had extremely low birth

weight of 0.65 kg. This provides supporting data for

counselling parents on the prognosis and likelihood of

developing severe ROP requiring treatment. It is also

worthwhile to critically review the application of

screening criteria to minimise unnecessary screening

of very low-risk patients. For the overall decrease in

ROP incidence, it is unclear and cannot be determined

in this study what the contributing factors are.

Improved antenatal and neonatal care may be related.

Furthermore, since the incidence of Type 1 ROP is low

at 4.5% in our study, a much larger sample size would

be needed to demonstrate a statistically significant

trend in the incidence of Type 1 ROP.

This study is the first to look at the recent trend of

retinopathy of prematurity in our locality, and it has a

representable sample size and covered a long period of

time in a single centre. It provides useful insight into

the counselling of parents and allows care providers to

reflect on the cost-effectiveness of the current screen-

ing programme. This study also provides a basis for

future multi-centre studies in the incidence of ROP.

Limitations of this study include its retrospective

Table 3 Comparison of Hong Kong data to other countries

Country Year Denominator Incidence of

any ROP

Incidence of treatment-

requiring ROP (%)

USA [18] 2009 Live born infants 501–1500 g Not known 6.8

Sweden [14] 1998–2000 \ 1500 g 36.4% 11.5

Scotland [13] 1990–2004 \ 32-week GA and or BW\ 1500 g 17% 5

Northern Ireland [17] 2000–2011 \ 32-week GA or\ 1500 g surviving to

42-week adjusted GA

Not known 3.96

Taiwan [16] 2007–2011 \ 1500 g Not known 12.3

South Korea [15] 2013–2014 \ 1500 g 34.1% 11.5

Hong Kong (the

present study)

2007–2015 \ 32-week GA or\ 1500 g 31.0% 4.5
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nature and the possible inter-observer variability

between the paediatric ophthalmologists who screened

all infants for ROP. There is also a lack of data on the

risk factors for ROP, including multiple births, level of

oxygen therapy in the neonatal unit, antenatal and

perinatal events. This study was conducted in a tertiary

hospital in Hong Kong, and its data cannot represent

the entire population.

In conclusion, we observed a decreasing trend in

the incidence of any ROP across the 10-year period

from 2006 to 2015 in a tertiary hospital in Hong Kong,

while the incidence of Type 1 ROP remained stable at

4.5% which is comparable to that of other developed

countries. There was no case of Type 1 ROP in infants

with birth weight greater than 1250 g. It is unclear

what were the factors leading to the decreasing trend.

Improved prenatal care, changes in survival rate of

extremely preterm infants, changes in the proportion

of infants with different birth weight and gestational

age, practice of oxygenation level in neonatal unit and

overall standard of neonatal unit, diagnosis of ROP

and treatment experience may all contribute to the

decreasing trend. Further analysis on the applicability

of screening criteria is worthwhile. Revision of

screening criteria may be made according to local

condition to maximise the cost-effectiveness of

screening programme.
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