
The retinopathy of prematurity (ROP) is char ac ter -
ized by ab nor mal vas cu lar de vel op ment of ret ina

in pre ma ture in fants, which is one of the ma jor causes
of in fant blind ness. Its in ci dence in creases with the
im prove ment in neo na tal sur vival in very low body
weight pre ma ture in fants. How ever, there were few

stud ies on the in ci dence and risk fac tors of this im por -
tant mor bid ity of pre ma ture ne o nates in Tai wan.1

High con cen tra tion of ox y gen ther apy was pre vi -
ously thought as the ma jor fac tor in the de vel op ment
of ROP. How ever, some re ports have found ROP in
cases with out ox y gen ther apy. 2 Even af ter ox y gen
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Back ground. The sequela of retinopathy of prematurity (ROP) is an
im por tant cause of in fant blind ness. This study was de signed to screen
the high-risk pre ma ture in fants and in ves ti gate the in ci dence and risk
fac tors as so ci ated with the de vel op ment of ROP.
Methods. From Oc to ber 1997 to Oc to ber 1998, all pre ma ture in fants
with birth body weight (BBW) less than 2000 gm or ges ta tional age
(GA) less than 36 weeks were en rolled and un der went ophthalmologic
ex am i na tion at 4 to 6 weeks of age at Tai pei Vet erans Gen eral Hos pi tal. 
The perinatal vari ables were an a lyzed to eval u ate their cor re la tion with 
the de vel op ment of ROP.
Re sults. In to tally 108 pre ma ture in fants, the in ci dence for de vel op -
ment of ROP was 25% (27 in 108 pa tients). The thresh old ROP oc -
curred in 15 eyes (7%). The av er age BBW and GA (1267 ± 341 gm and 
29.7 ± 2.7 weeks) were sig nif i cantly lower in ROP group than in the
non-ROP group (1703 ± 368 gm and 32.3 ± 2.2 weeks). The ar ti fi cial
ven ti la tion for more than 5 days, chronic lung dis ease and peri -
ventricular leukomalacia were sig nif i cant risk fac tors as so ci ated with
high est rate of ROP. The re spi ra tory dis tress syn drome, intra ven tric -
ular hem or rhage, con gen i tal heart dis ease and sep sis were sig nif i cant
risk fac tors ac com pa nied by mod er ate rate of ROP.
Con clu sion. Low birth body weight and young ges ta tional age are the
most im por tant risk fac tors in the de vel op ment of ROP. The anal y sis of 
risk fac tors will be help ful in un der stand ing and pre dic tion of ROP for -
ma tion in high-risk ne o nates. The timely clin i cal screen ing ret ina ex -
am i na tion of high-risk pre ma ture in fants is im por tant to pre vent the de -
vel op ment of ad vanced ROP. [Chin Med J (Tai pei) 2001;64:706-712]
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ther apy, not all pre ma ture in fants de velop ROP. These 
ev i dences sug gested that risk fac tors other than ox y -
gen might play an im por tant role in the de vel op ment
of ROP.

We con ducted this ret ro spec tive study to screen
the high-risk pre ma ture ne o nates, with the main pur -
pose to in ves ti gate the in ci dence of ROP and to de ter -
mine the pos si ble risk fac tors as so ci ated with the de -
vel op ment of ROP.

Methods

There were to tally 108 pre ma ture in fants en rolled
in this study from Oct. 1997 to Oct. 1998. The in clu -
sion cri te ria were in fants who were, ei ther less than 36 
weeks of ges ta tional age or less than 2000 gm of birth
body weight, in the neo na tal new born room or in ten -
sive care unit at Tai pei Vet erans Gen eral Hos pi tal.

The oph thal mic ex am i na tion was ini tially per -
formed to screen the high-risk pre ma ture in fants at
postnatal age of 4 to 6 weeks un der in di rect oph -
thalmoscopy. The stage and se ver ity of ROP was clas -
si fied ac cord ing to the in ter na tional clas si fi ca tion of
ROP (ICROP, Ta ble 1).3 The fol low-up ret ina ex am i -
na tion was per formed ev ery one or two weeks till
ROP re gres sion, com plete vasculogenesis of ret ina or

the de vel op ment of thresh old ROP was ob served. All
thresh old ROP cases were treated with cryotherapy or
di ode la ser ther apy us ing la ser in di rect ophtha l -
moscopy. The thresh old se ver ity of ROP was de fined
as five or more con tig u ous or eight cu mu la tive 30 sec -
tors (clock hours) of stage 3 plus ROP in zone 1 or 2.
The plus sign rep re sented the di la ta tion and tortuosity
of the ret i nal blood ves sels in the pos te rior pole.

The perinatal vari ables (clin i cal data and pe di at ric 
ill ness) were re corded from the pe di at ric chart for
each case, in clud ing the birth body weight, ges ta tional 
age, sex, birth place, du ra tion of ar ti fi cial ven ti la tion
with ei ther me chanic ven ti la tor (IMV) or con tin u ous
pos i tive air way pres sure (CPAP) more than 5 days, re -
spi ra tory dis tress syn drome (RDS), chronic lung dis -
ease (CLD), intraventricular hem or rhage (IVH), peri -
ventricular leukomalacia (PVL), con gen i tal heart dis -
ease (CHD), sep sis, hyperbilirubinemia and mul ti ple
birth etc.. Each vari able was an a lyzed to eval u ate its
cor re la tion with the de vel op ment of ROP.

Sta tis ti cal anal y sis was per formed with a com put -
er ized pro gram. Sig nif i cance was tested with the
chi-square test with Yates’ cor rec tion and Fisher’s ex -
act test. The Odds ra tio for each pos si ble risk fac tor
was also cal cu lated.

Re sults

Totally 108 pre ma ture in fants un der went the
screen ing ret ina ex am i na tion for ROP. The ges ta tional 
age ranged from 24 to 37 weeks (mean 31.6 ± 2.6
weeks); the birth body weight ranged from 620 to
2870 gm (mean 1594 ± 407 gm). There were 60 boys
(55.6%) and 48 girls. The ma jor ity of pa tients were
born at Tai pei Vet erans Gen eral Hos pi tal (N = 96,
88.9%), and 12 (10.1%) pa tients were trans ferred
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Table 1. The international classification of retinopathy of
prematurity

Stage Characteristics

1 Demarcation line
2 Ridge
3 Ridge with extraretinal fibrovascular proliferation
4 Subtotal retinal detachment:

(A) Extrafoveal
(B) Retinal detachment including fovea

5 Total retinal detachment

Table 2. The comparison of the mean birth body weight and gestational age between the ROP and non-ROP group

ROP group (N = 27) Non-ROP group (N = 81) p value

Mean birth body weight (gm) 1267 ± 341 1703 ± 368 < 0.001
Mean gestational age (wk) 29.7 ± 2.7 32.3 ± 2.2 < 0.001



from other hos pi tals. There was mul ti ple birth in 56
(51.9%), and sin gle birth in 52 cases (48.1%).

The prev a lence of ROP de vel op ment was 25%
(27 in 108 pa tients). The thresh old ROP (stage 3 plus
and above) oc curred in 15 eyes (7%). Ta ble 2 shows
sta tis ti cally sig nif i cant dif fer ence in lower body
weight and youn ger ges ta tional age be tween ROP
group and non-ROP group (p < 0.001).

The cor re la tion be tween the pos i tive rate of ROP
screen ing and the dis tri bu tion of birth body weight or
ges ta tional age is shown in Ta bles 3 and 4 re spec -
tively. Lower birth body weight or youn ger ges ta -
tional age tended to as so ci ate with the higher rate of
ROP de vel op ment.

The cor re la tion be tween the stag ing of ROP and
the dis tri bu tion of birth body weight or ges ta tional age 
is shown in Ta ble 5. High se ver ity of ROP tended to
as so ci ate with lower birth body weight and youn ger
ges ta tional age.

There were 13 mul ti ple births and 14 sin gle births
among the 27 ROP cases. The like li hood of ROP de -
vel op ment seemed to be sim i lar be tween mul ti ple and
sin gle birth pa tients.

The perinatal vari ables were tested to eval u ate
their cor re la tion with the de vel op ment of ROP (Ta -
ble 6). The ar ti fi cial ven ti la tion for more than 5
days, chronic lung dis ease, and periventricular
leuko malacia were sig nif i cant risk fac tors as so ci -
ated with high est rate of ROP (p = 0.001). Re spi ra -
tory dis tress syn drome, intraventricular hem or -
rhage, con gen i tal heart dis ease and sep sis were sig -
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Table 3. The correlation between the positive rate of ROP
screening and the distribution of birth body
weight in premature infants

Birth body weight (gm) No. of cases No. (%) of ROP

≤ 1000 8 7 (87.5)
1000-1200 12 5 (41.7)
1200-1400 14 4 (28.6)
1400-1600 26 7 (26.9)
1600-2000 30 3 (10.0)
> 2000 18 1 (5.6)

Table 4. The correlation between the positive rate of
ROP screening and the distribution of
gestational age in premature infants

Gestational age (wk) No. of cases No. (%) of ROP

≤ 28 14 7 (50.0)
28-32 52 16 (30.8)
32-34 28 4 (14.3)
> 34 14 0 (0)

Table 5. The correlation between the stages of ROP and
the birth body weight, gestational age in
premature infants

Stages of ROP Birth body weight
(gm)

Gestational age
(wk)

0 (n = 163) 1702 ± 366 32.3 ± 2.2
1 (n = 24) 1390 ± 340 30.8 ± 2.2
2 (n = 15) 1204 ± 197 29.9 ± 1.4
3 (n = 12) 1190 ± 365 28.0 ± 3.6
4 (n = 2) 620 ± 0 25.0 ± 0

Data are expressed as mean ± SD.

Table 6. The risk factors analysis of retinopathy of prematurity

Risk factors ROP group eyes (N=27) Non-ROP group eyes (N=81) p value Odds ratio

O2 usage > 5 days 16 12 0.001 8.36
RDS 23 49 0.018 3.76
CLD 6 1 0.001 22.86
IVH 5 3 0.012 5.83
PVL 5 1 0.001 18.18
CHD 5 4 0.027 4.38
Sepsis 9 12 0.035 2.88
Hyperbilirubin 5 30 0.075 0.39
Multiple birth 13 43 0.657 0.82

RDS = respiratory distress syndrome; CLD = chronic lung disease; IVH = intraventricular hemorrhage; PVL = periventricular
leukomalacia; CHD = congenital heart disease.



nif i cant risk fac tors ac com pa nied by mod er ate rate
of ROP (0.01 < p < 0.05). Mul ti ple birth and hyper -
bilirubinemia were not the sig nif i cant risk fac tors of 
ROP de vel op ment.

Dis cus sion

The im por tance of the clin i cal screen ing ex am i na -
tion of the fundus of high-risk pre ma ture in fants has
been con firmed be cause of the im proved clin i cal out -
come in in fants with acute, ac tive ROP af ter ei ther
cryotherapy4-5 or transpupillary la ser treat ment.6-7

How ever, the op ti mal tim ing of ini tial screen ing ret i -
nal ex am i na tion of ROP at nurs ery is still con tro ver -
sial. The ear lier screen ing pro to col would re sult in
many un nec es sary ex am i na tions, while later screen -
ing pro to col might fail to di ag nose the on set of thresh -
old ROP and miss the golden time of ther apy. Ac cord -
ing to Palmer’s re port,8 the 7th to 9th week af ter birth is
the best time for yield ing the larg est num ber of ROP
cases. Re cently, the Amer i can Acad emy of Pe di at rics, 
the Amer i can As so ci a tion for Pe di at ric Oph thal mol -
ogy and Stra bis mus, and the Amer i can Acad emy of
Oph thal mol ogy re leased a joint state ment rec om -
mend ing that the ini tial screen ing ex am i na tion should
be per formed be tween the 4 and 6 weeks of chro no -
log i cal age, or 31 and 33 weeks of postconceptional
age.9 In our study, the screen ing pro to col was per -
formed be tween 4 and 6 weeks af ter birth. In the early
course study of CRYO-ROP co op er a tive group,10 the
tim ing of ret i nal vas cu lar events of ROP cor re lated
more closely with the postconceptional age than the
chro no log i cal age. They ob served that 95% of stage 2
ROP have the on set at 32 weeks or later. The thresh old 
ROP (stage 3) was reached at a mean of 36.9 weeks, in 
range of 33.6 to 42.0 weeks. There fore, most au thors
agree that the ini tial screen ing per formed at 4 to 6
weeks af ter birth is ap pro pri ate and safe for the de tec -
tion of acute ROP.

The in ci dence of ROP var ied ac cord ing to the
screen ing time and pro to col. The in ci dence of ROP in
the cur rent study was 25%, which was higher than

most re ports in United States.11 Our in clu sion cri te ria
of screen ing was dif fer ent from other cen ters. We ex -
am ined all pre ma ture in fants with body weight less
than 2000 gm or ges ta tional age less than 36 weeks.
As our hos pi tal is a re fer ral cen ter, many pre ma ture
ba bies with very low body weight were trans ferred
from other hos pi tals. The above two rea sons lead to
the higher in ci dence of ROP in our study. The in ci -
dence of thresh old ROP (7%) in our study was sim i lar
to other re ports in lit er a ture.11

The pathogenesis of the de vel op ment of ROP is
still un cer tain. Patz et al,12 in a pro spec tive con trolled
trial, clearly dem on strated the causal ef fect of high
ox y gen ad min is tra tion on the de vel op ment of ROP.
How ever, the ox y gen ther apy is no lon ger the only
and most im por tant fac tor of the de vel op ment of ROP. 
Re cent ob ser va tion has found ROP to be a dis ease of
multifactorial or i gin, of which ox y gen ther apy is but
one fac tor.13,14 The in di vid ual sus cep ti bil ity of pre ma -
ture in fants and many other fac tors may in volve in the
de vel op ment of ROP. Ad di tional risk fac tors in clude
low birth weight, youn ger ges ta tional age, hyper -
carbia, ac i do sis, vi ta min E de fi ciency, intracranial
hem or rhage and mul ti ple blood trans fu sion.15 In the
cur rent study, the ROP group had sta tis ti cally sig nif i -
cant lower birth weight and youn ger ges ta tional age
than the BBW and GA in the non-ROP group. The in -
ci dence and se ver ity of ROP in the cur rent study were
also higher in lower birth weight and young ges ta -
tional age cat e go ries. We con cluded that the birth
body weight and ges ta tional age are the most im por -
tant risk fac tors in the de vel op ment of ROP, and are
also the best in di ca tors of im ma tu rity in pre ma ture in -
fants. In the cur rent study, the mul ti ple birth it self is
not a risk fac tor of ROP de vel op ment, co ex is tence of
low body weight and ges ta tional age is even more im -
por tant.16

In our study, the ar ti fi cial ven ti la tion for more
than 5 days is a sta tis ti cally sig nif i cant risk fac tors in
the de vel op ment of ROP. The du ra tion of ven ti la tion
is usu ally as so ci ated with a lon ger time of high con -
cen tra tion of ox y gen ther apy. Dur ing the nor mal em -
bry onic de vel op ment, the ret i nal ves sels be gin to
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grow out ward from the op tic disc in the 4th month, and 
do not reach the ora serrata un til nearly fullterm. The
ret ina of pre ma ture new born is there fore in com pletely 
vascularized with a pe riph eral avascular zone. In the
ret ina of ROP in fants, nor mal ret i nal blood ves sel de -
vel op ment ar rests, and vaso-obliteration of some pre -
ex ist ing ret i nal ves sels oc curs. It has been sug gested
that the rel a tive hyperoxia of extrauterine en vi ron -
ment un der high con cen tra tion of ox y gen ther apy
causes the sup pres sion of nor mal ves sel de vel op ment
and vaso-obliteration.17 In an i mal model of ox y gen-
 induced retinopathy, an as so ci a tion be tween ex po sure 
to hyperoxia and vaso-obliteration has been ob -
served.18 The ischemic ret ina sub se quently pro duces
angiogenic fac tors, in which vas cu lar en do the lial
growth fac tor plays a ma jor role to re sult in ret i nal
neovascularization for ma tion in ROP.19

Sev eral other risk fac tors were clearly found to
cor re late with the de vel op ment of ROP in the cur -
rent study. Re spi ra tory dis tress syn drome and
chronic lung dis ease were known to as so ci ate with
sys temic hy poxia, which will lead to ret ina
ischemia. The eti ol ogy of periventricular leuko -
malasia co mes from hypoxia and blood hypo -
perfusion of ce re brum which even tu ally has sim i lar
in flu ence on the ret ina ischemia. Sep sis in the low
body weight pre ma ture in fants is fre quently ac com -
pa nied with hypotension which will im pair tis sue
per fu sion with lo cal hypoxia to ren der ret ina un der
the risk of ROP de vel op ment.

In con clu sion, the anal y sis of risk fac tors of the
de vel op ment of ROP will help un der stand and pre dict
ROP for ma tion in high-risk ne o nates. Since ROP may 
pro duce se ri ous sequela of in fant blind ness, ef fort
must be made to pre vent the de vel op ment of ad vanced 
ROP. Timely screen ing eye ex am i na tion of high risk
pre ma ture in fants is very im por tant.
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