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Background. The sequela of retinopathy of prematurity (ROP) is an
im por tant cause of infant blind ness. Thisstudy wasdesignedto screen
thehigh-risk prematureinfantsandinvesti gatethein ci denceandrisk
factorsassoci atedwiththedevel opment of ROP.

Methods. From October 1997 to October 1998, al prematureinfants
with birth body weight (BBW) less than 2000 gm or gestational age
(GA) lessthan 36 weekswereenrolled and un der went ophthalmologic
exami nationat 4to6weeksof ageat Tai pei VeteransGenera Hospi tal.
Theperinatal vari ableswereanalyzedtoeval uatetheir correlationwith
thedevel opment of ROP.

Results. Intotally 108 prematureinfants, thein ci dencefor devel op-
ment of ROP was 25% (27 in 108 patients). Thethresh old ROP oc-
curredin15eyes(7%). Theav er ageBBW and GA (1267 + 341 gm and
29.7 = 2.7 weeks) were significantly lower in ROP group than in the
non-ROP group (1703 £ 368 gm and 32.3 £ 2.2weeks). Thearti fi cia
ventilation for more than 5 days, chronic lung disease and peri -
ventricular leukomalaciaweresignifi cantrisk factorsassoci atedwith
highest rate of ROP. The respiratory distresssyndrome, intraventric-
ular hemor rhage, congeni tal heart diseaseand sepsisweresignif i cant
risk factorsaccom paniedby moder aterateof ROP.

Conclusion. Low birth body weight and young gestational agearethe
mostimpor tant risk factorsinthedeve opment of ROP. Theana y sisof
riskfactorswill behe pful inunder standingand predictionof ROPfor-
mationinhigh-risk neonates. Thetimely clini cal screeningretinaex-
ami nationof high-risk prematureinfantsisimportanttopreventthede
vel opment of advanced ROP.[ Chin Med J (Taipei) 2001;64:706-712]

T heretinopathy of prematurity (ROP) ischar acter-
izedby abnor mal vascular devel opmentof retina
inprematureinfants, whichisoneof themajor causes
of infant blind ness. Itsin ci dencein creaseswiththe
im provement in neo natal sur vival invery low body
weight prematureinfants. How ever, therewerefew

studiesontheinci denceandrisk fac torsof thisim por-
tantmor bidity of prematureneonatesin Tai wan."
High con centration of ox y genther apy wasprevi-
ously thought asthemajor fac tor inthedevel op ment
of ROP. How ever, somere ports have found ROPin
cases without oxygen therapy.? Even after oxygen
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ther apy, not all prematureinfantsdevel opROP. These
ev i dences sug gested that risk fac torsother than ox y-

genmight play anim por tant roleinthe devel op ment
of ROP.

We con ductedthisret ro spective study to screen
the high-risk pre mature ne o nates, with the main pur-
posetoinvesti gatetheinci denceof ROPandtodeter
minethepossi blerisk factorsasso ci ated withthede
vel opment of ROP.

Methods

Thereweretotally 108 prematureinfantsenrolled
in this study from Oct. 1997 to Oct. 1998. Thein clu-
sioncri teriawereinfantswhowere, ei ther lessthan 36
weeksof gestational age or lessthan 2000 gm of birth
body weight, in the neo natal new bornroom or interr
sivecareunitat Tai pei Vet eransGeneral Hospi tal.

The ophthalmic examination was initially per-
formed to screen the high-risk prematurein fantsat
postnatal age of 4 to 6 weeks under indirect oph-
thalmoscopy. The stageand sever ity of ROPwasclas
sifiedaccordingtotheinter national classi fi cationof
ROP (ICROP, Table 1).3Thefol low-upretinaex ami-
nation was performed every one or two weeks till
ROPregression, com pletevasculogenesisof retinaor

Table 1. The international classification of retinopathy of
prematurity

Stage Characteristics

Demarcetion line
Ridge
Ridge with extraretind fibrovascular proliferation
Subtotd retinal detachment:
(A) Extrafoved
(B) Retind detachment including fovea
5 Total retind detachment

A WNE

thedevel op ment of thresh old ROPwasob served. All
thresh old ROP casesweretreated with cryotherapy or
diode laser therapy using laser indirect ophthal-
moscopy. Thethreshold sever ity of ROPwasdefined
asfiveor morecontiguousor eight cumulative30sec-
tors (clock hours) of stage 3 plus ROP in zone 1 or 2.
Theplussignrepresentedthedi latationandtortuosity
of thereti nal blood vesselsintheposterior pole.

Theperinatal vari ables(clini cal dataandpedi atric
illness) were recorded from the pediatric chart for
each case, includingthebirth body weight, gestational
age, sex, birthplace, durationof arti fi cial venti lation
withe ther mechanicventilator (IMV) or continuous
posi tiveair way pressure (CPAP) morethan5days, re
spi ratory distresssyndrome (RDS), chroniclungdis
ease (CLD), intraventricular hem or rhage (IVH), peri-
ventricular leukomalacia(PVL), congeni ta heartdis
ease (CHD), sep sis, hyperbilirubinemiaand mul ti ple
birth etc.. Eachvari ablewasanalyzedtoeval uateits
correlationwiththedevel opment of ROP.

Statisti cal anal y siswasper formedwithacom put
erized program. Significance was tested with the
chi-squaretest with Y ates' cor rection and Fisher’ sex-
act test. The Oddsratiofor each possi blerisk fac tor
wasalsocal culated.

Results

Totally 108 premature infants underwent the
screeningretinaexami nationfor ROP. Thegestational
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. Themajor ity of patientswere
born at Taipei Veterans General Hospital (N = 96,
88.9%), and 12 (10.1%) patients were transferred

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

ROP group (N = 27)

1267 + 341
29.7 £ 2.7

Mean birth body weight (gm)
Mean gestational age (wk)

Non-ROP group (N = 81) p vaue
1703 + 368 < 0.001
323+22 < 0.001
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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

Gestationd age(wk)  No.ofcases  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  Gestational age
(gm) (wk)
0(n=163) 1702 + 366 3R23+22
1(n=24) 1390 + 340 308+2.2
2(n=15) 1204 + 197 299+14
3(n=12) 1190 + 365 280+36
4(n=2) 620+ 0 25.0+0

Daaare expressed as mean + SD.

from other hospi tals. Therewasmul ti plebirthin 56
(51.9%), and single birth in 52 cases (48.1%).

The prev alence of ROP devel op ment was 25%
(271in 108 patients). Thethresh old ROP (stage 3 plus
and above) oc curred in 15 eyes (7%). Table 2 shows
statistically significant difference in lower body
weight and younger gestational age between ROP
group and non-ROP group (p < 0.001).

Thecor relationbetweentheposi tiverate of ROP
screening and thedistri bution of birth body weight or
gestational age is shown in Tables 3 and 4 respec
tively. Lower birth body weight or younger gesta
tional agetended to as so ci ate with the higher rate of
ROPdevel opment.

Thecor relation between the staging of ROPand
thedistri bution of birthbody weight or gestational age
isshownin Table5. High sever ity of ROP tended to
associ atewith lower birth body weight and youn ger
gestational age.

Therewere 13 mul ti plebirthsand 14 singlebirths
among the 27 ROP cases. The likelihood of ROP de-
vel opment seemedtobesimi lar betweenmul ti pleand
singlebirthpatients.

The perinatal vari ablesweretestedto eval u ate
their cor relationwiththedevel op ment of ROP (Ta
ble 6). The artificial ventilation for more than 5
days, chronic lung disease, and periventricular
leukomalaciaweresignifi cantrisk factorsassoci-
ated with high est rate of ROP (p =0.001). Respi ra
tory distress syndrome, intraventricular hemor
rhage, congeni tal heart diseaseand sep sisweresig-

Table 6. The risk factors analysis of retinopathy of prematurity

Risk factors ROP group eyes (N=27) Non-ROP group eyes (N=81) pvaue Oddsratio
O, 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; IV H = intraventricular hemorrhage; PVL = periventricular

leukomalacia; CHD = congenital heart disease
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nifi cantrisk factorsaccompaniedby moder aterate
of ROP (0.01 < p <0.05). Mul ti plebirth and hyper-
bilirubinemiawerenot thesignif i cant risk factorsof
ROPdevel opment.

Discussion

Theim portanceof theclini cal screeningexamina
tion of thefundus of high-risk prematurein fantshas
been confirmed be cause of theim provedclini cal out
comeininfantswith acute, ac tive ROP &f ter ei ther
cryotherapy*® or transpupillary laser treatment.®’
How ever, theopti mal timingof ini tial screeningret i-
nal ex ami nationof ROPat nursery isstill controver-
sial. The earlier screeningprotocol wouldresultin
many unnecessary ex ami nations, whilelater screen
ingprotocol might fail todi ag nosetheon set of thresh
old ROP and missthe golden time of ther apy. Ac cord-
ing to Palmer’ sreport? the 7" to 9" week af ter birthis
the best timefor yield ing thelarg est num ber of ROP
cases. Recently, theAmeri canAcademy of Pedi atrics,
theAmericanAssoci ationfor Pedi atricOphthal mok
ogy and Strabismus, and the Amer i can Acad emy of
Ophthalmology released a joint statement recont
mendingthat theini tial screeningex ami nationshould
be per formed be tween the 4 and 6 weeks of chro no-
logi cal age, or 31 and 33 weeks of postconceptional
age.’ In our study, the screening protocol was per-
formed between 4 and 6 weeksaf ter birth. Intheearly
course study of CRY O-ROP cooperativegroup,’® the
timingof reti nal vascular eventsof ROPcor related
more closely with the postconceptional age than the
chronologi cal age. They ob served that 95% of stage2
ROP havethe on set at 32 weeksor later. Thethresh old
ROP (stage 3) was reached at amean of 36.9 weeks, in
range of 33.6 to 42.0 weeks. Therefore, most au thors
agree that the initial screening per formed at 4to 6
weeksaf ter birthisap pro pri ateand safefor thedetec
tion of acute ROP.

The incidence of ROP varied according to the
screeningtimeand protocol. Theinci denceof ROPin
the cur rent study was 25%, which was higher than

most re portsin United States**Ourinclusioncriteria
of screeningwasdif fer ent from other centers. Weex-

amined all prematureinfantswith body weight less
than 2000 gm or gestational age lessthan 36 weeks.

Asour hospi tal isarefer ral center, many premature
ba bieswith very low body weight were transferred
from other hos pi tals. The above two reasonslead to
the higher in ci dence of ROPin our study. Thein ci-
dence of thresh old ROP (7%) in our study wassimi lar

tootherreportsinliterature.

The pathogenesis of the devel op ment of ROPis
still uncer tain. Patz et a *2inapro spectivecontrolled
trial, clearly dem on strated the causal ef fect of high
oxy genadministrationonthedevel opment of ROP.
How ever, theox y genther apy isnolon ger theonly
andmostim por tant factor of thedevel opment of ROP.
Re cent ob ser vation hasfound ROPto beadisease of
multifactorial ori gin, of whichox y genther apy isbut
onefactor.*3*Theindi vidual suscepti bil ity of prema
tureinfantsand many other factorsmay involveinthe
devel opment of ROP. Addi tional risk factorsinclude
low birth weight, younger gestational age, hyper-
carbia, acidosis, vitamin E deficiency, intracranial
hemor rhageand mul ti plebloodtransfusion.”® In the
cur rent study, the ROP group had statisti cally sig nif i-
cant lower birth weight and youn ger gestational age
than the BBW and GA in the non-ROP group. Thein-
ci denceand sever ity of ROPinthecur rent study were
also higher in lower birth weight and young gesta
tional age categories. We concluded that the birth
body weight and gestational age arethe most im por-
tant risk fac torsin thede vel op ment of ROP, and are
alsothebestindi catorsof immaturity inprematurein
fants. Inthe cur rent study, themul ti plebirthit self is
not arisk factor of ROPdevel op ment, coex istenceof
low body weight and gestational ageiseven moreim-
portant.*®

In our study, the artificial ventilation for more
than5daysisastatisti cally signif i cantrisk factorsin
thedevel opment of ROP. Thedurationof venti lation
isusu ally asso ci ated withalon ger timeof high con-
centration of ox y genther apy. Dur ingthenor mal em-
bryonic development, the retinal vessels begin to
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grow out ward fromtheoptic discinthe 4" month, and
do not reach the ora serrata un til nearly fullterm. The
retinaof prematurenew bornisthereforeincompletely
vascularized with aperiph eral avascular zone. Inthe
retinaof ROPinfants, nor mal reti nal bloodvessel de
vel op ment ar rests, and vaso-obliteration of somepre
existingretina vesselsoccurs. It hasbeen sug gested
that the rel ative hyperoxiaof extrauterineenvi ron
ment under high concentration of oxygen therapy
causesthesup pressionof nor mal vessel devel op ment
and vaso-obliteration.” Inani mal model of ox y gen-
inducedretinopathy, anassoci ationbetweenex posure
to hyperoxia and vaso-obliteration has been ob-
served.” Theischemicretinasub sequently produces
angiogenic factors, in which vascular endothelial
growthfactor playsamajor roletoresultinreti nal
neovascul arizationfor mationinROP.

Sev eral other risk fac torswere clearly found to
cor relatewith thedevel op ment of ROPinthecur
rent study. Respiratory distress syndrome and
chroniclung diseasewereknownto asso ci atewith
systemic hypoxia, which will lead to retina
ischemia. The etiology of periventricular leuko-
malasia comes from hypoxia and blood hypo-
perfusionof cerebrumwhicheventually hassimilar
influenceontheretinaischemia. Sep sisinthelow
body weight prematureinfantsisfrequently accom
panied with hypotension whichwill im pair tissue
per fusionwithlocal hypoxiatorender retinaunder
therisk of ROPdevel op ment.

Inconclusion, theanal y sisof risk factorsof the
deve opment of ROPwill helpunder standand predict
ROPfor mationin high-risk neo nates. Since ROP may
produce serious sequela of infant blindness, effort
must bemadeto prevent thedevel op ment of ad vanced
ROP. Timely screening eyeex ami nation of highrisk
prematureinfantsisveryimportant.
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