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I N T R O D U C T I O N

The gestational age (GA)-based relative risk to de-
velop retinopathy of prematurity (ROP) in low birth-
weight infants has a logarithmic or bimodal distribu-
tion (1, 2). This distribution probably can be explained
by the major impact of immaturity on infants with a
GA less than 27 weeks, whereas in more mature in-

fants, ROP likely is the result of a combined effect of
p reterm birth and neonatal disease severity. 

Because treatment to prevent visual impairment in
later life depends on early ophthalmologic scre e n i n g
during neonatal stay in infants at risk, additional in-
dicators besides birthweight or GA might be used to
further discriminate the relative risk to develop ROP
associated with a given birthweight or GA. Such ad-
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maturity (ROP) in a population of low birthweight infants (<1500 g). 
ME T H O D S. The authors re g i s t e red clinical characteristics (birthweight, gestational age (GA),
Clinical Risk Index for Babies (CRIB), Apgar score, re s p i r a t o ry characteristics (intubation,
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ditional indicators most likely are more relevant in a
low risk population, because early referral out of the
neonatal intensive care unit might be considered in
these infants, making ophthalmologic screening more
d i fficult to realize. In addition, variability in impact of
d i ff e rent risk factors involved in the development of
ROP in high versus low risk populations might pro-
vide new insights into diff e rences in underlying
pathogenesis. We there f o re studied markers of sever-
ity of disease in early neonatal life in a population of
low birthweight infants (i.e., 1500 g) admitted to a sin-
gle neonatal intensive care unit over a 2-year period
(2000-2001) to document potential diff e rences in risk
factors of developing ROP between diff e rent birth-
weight categories. 

PATIENTS AND METHODS

A re t rospective chart review of low birthweight in-
fants (i.e., <1500 g) admitted to the neonatal inten-
sive care unit, Gasthuisberg, over a 2-year period (2000-
2001) was done. Infants needed to be admitted to the
unit within 6 hours after birth, to stay in the unit for
at least the first week of life, and ophthalmologic scre e n-
ing performed until full retinal vascularization was doc-
umented, to be included in this study. 

Neonatal characteristics collected in these infants
w e re birthweight, GA, and Apgar score at 1 and 5 min-
utes. Respiratory characteristics collected were ei-
ther markers of duration of respiratory disease (day
of first extubation, last day of respiratory support, last
day of supplemental oxygen) or markers of severity
of respiratory disease in the first 72 hours of life (in-
tubation (yes/no), maximal mean airway pre s s u re (MAP)
and oxygenation index at maximal MAP (MAP x 100
x fractional oxygen/arterial oxygen (mmHg)). Pre s c r i p t i v e
characteristics of dopamine (yes/no, maximal dose in
the first week of l ife, total hours of administration in
the first week of life) were re c o rded as markers of car-
diovascular instabil ity. Maximal creatinemia (mg/dl)
in the first week of l ife was re g i s t e red. Finally, the
Clinical Risk Index for Babies (CRIB) score, a disease
severity scoring system, was attributed. This score
was originally developed to express the relative mor-
tality risk but there are reports on the association of
CRIB and long-term morbidity (3-5). 

Ophthalmologic screening was performed by indi-

rect funduscopy. First ophthalmologic screening was
performed at the postnatal age of 4 weeks and find-
ings were classified according to the International Clas-
sification of Retinopathy of Pre m a t u r i t y. In case of
normal funduscopy results, a 2-week interval exam-
ination was performed until full vascularization. If ROP
stage 1 or 2 was diagnosed, the baby was examined
on a weekly basis. In case of ROP stage 3, fundus-
copy was performed twice a week (2). If infants ful-
filled Cryo-ROP criteria – i.e., threshold disease (at
least five contiguous or eight cumulative clock hours
of stage 3 ROP in zone 1 or 2 in the presence of plus
disease) – retinal surgery was performed (6).

Incidence, clinical characteristics, and risk factors
to develop ROP were studied in survivors in three con-
secutive birthweight categories (<851 g, 851-1350 g,
1351-1500 g) which were based on the birthweight
categories used in the CRIB score (3). 

S t a t i s t i c s

Results were reported by median and range or in-
cidence. In the lowest birthweight category (<851 g),
clinical characteristics of infants who developed
stage 3 were compared to infants who did not de-
velop stage 3 ROP; in the intermediate birthweight
category (851-1350 g), clinical characteristics of in-
fants who developed any grade of ROP were com-
p a red to infants who did not develop ROP. Chi square
or Mann-Whitney U test were used. A p value below
0.05 was considered significant. All significant vari-
ables (monovariate analysis) were tested in a step-
wise logistic re g ression model in the diff e rent weight
categories with either stage 3 ROP (<851 g) or any
grade of ROP (851-1350 g) as dependent variable.

R E S U LT S

Of 186 infants admitted between January 1, 2000,
and December 31, 2001, with a birthweight below 1500
g, 157 (84%) survived until discharge. ROP (any stage)
was documented in 65 (41%) survivors. Tw e n t y - n i n e
(18%) survivors developed stage 3 ROP. Fifteen in-
fants developed threshold ROP. GA-based risk to de-
velop any retinopathy and stage 3 ROP in this cohort
of survivors is shown in Figure 1. 

Twenty-five survivors had a birthweight between 1351
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and 1500 g. There were no infants who developed ROP
in this birthweight category. In the 851-1350 g birth-
weight category, 84 infants survived, of whom 19 (22%)
developed any grade of ROP and 4 developed stage
3 ROP (Tab. I). In the lowest birthweight category (<851
g), 46 infants survived, of whom 35 (76%) developed
any grade of ROP and 25 (54%) developed stage 3
ROP (Tab. II). 

For each birthweight category, monovariate analy-
sis of neonatal characteristics on relative risk to de-
velop retinopathy was performed (Tab. I and II). In the
intermediate birthweight group (851-1350 g), risk fac-
tors to develop any grade of retinopathy besides GA
and birthweight were Apgar score at 1 and 5 minutes,
CRIB score, maximal creatinemia, markers of car-
diovascular instability, and markers of severity of re s-
piratory disease (Tab. I). Risk factors to develop stage
3 ROP in the lowest birthweight category (<851 g)
w e re GA, markers of duration of respiratory disease,
CRIB score, and markers of cardiovascular instabili-
ty (Tab. II). 

In a stepwise logistic re g ression model in the in-
termediate birthweight group (851-1350 g) using any
grade of ROP as dependent risk factor, besides GA
(OR 0.53, 95% CI 0.37 to 0.77), CRIB score (OR 1.7,
95% CI 1.10 to 2.6) remained an independent risk fac-
tor to develop ROP. If birthweight (OR 0.99, 95% CI

0.98-0.99) was considered, the same additional ef-
fect of CRIB score (OR 1.6, 95% CI 1.07-2.44) on risk
to develop ROP was documented, whereas in the low-
est birthweight cohort using stage 3 ROP as depen-
dent risk factor, either birthweight (OR 0.99, 95% CI
0.98-0.99) or GA (OR 0.42, 95%CI 0.24-0.74) was the
dominant risk factor to develop stage 3 ROP. We were
not able to document any additional independent ef-
fect of any of the other available variables in the low-
est birthweight group. 

Fig. 1 - Gestational age-based relative risk (%) to develop any grade of
retinopathy (continuous line, black boxes) and stage 3 retinopathy of pre-
maturity (dotted line, white boxes) in this single unit cohort (2000-2001)
of survivors with a birthweight below 1500 g (x axis: gestational age).

TABLE I - CLINICAL CHARACTERISTICS OF INFANTS WITH A BIRTHWEIGHT BETWEEN 851 AND 1350 g

Characteristics No ROP R O P p value

N u m b e r 6 5 1 9
GA (weeks) 30 (26-36) 28 (24-32) 0 . 0 0 0 3
Birthweight (g) 1230 (895-1350) 980 (866-1340) 0 . 0 0 0 4
Apgar score 1 min 7 (1-9) 5 (0-8) 0 . 0 4 0
Apgar score 5 min 8 (4-10) 8 (2-10) N S
CRIB score 2 (1-7) 3 (1-6) 0 . 0 0 2 4
C reatinemia (mg/dl) 1.09 (0.54-1.71) 1.2 (0.86-2.19) 0 . 0 3 0
Dopamine (y/n) 3 2 % 6 8 % 0 . 0 1
Maximal dose (µg/kg / m i n ) 0 (0-12) 10 (0-16) 0.0041 
Duration administration (hours) 0 (0-112) 14.5 (0-164) 0 . 0 1
Intubation (y/n) 5 8 % 9 4 % 0 . 0 0 7 5
Maximal OI (0-72 hours) 2.8 (0-21.8) 10.1 (0-19) 0 . 0 0 0 9
Duration ventilation (days) 2 (0-33) 9 (0-42) 0 . 0 0 0 1
Duration respiratory support (days) 8 (0-52) 34 (0-95) 0 . 0 0 0 2
Supplemental oxygen (days) 8 (0-63) 49 (6-144) 0 . 0 0 0 0

Clinical character istics of infants who developed ROP were compared to those of infants who did not develop ROP. Results
reported by incidence or median (range)
ROP = Retinopathy of prematurity; GA = Gestational age; CRIB = Clinical Risk Index for Babies; OI = Oxygenation index
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TABLE II - CLINICAL CHARACTERISTICS OF INFANTS WITH A BIRTHWEIGHT <851 g

Characteristics No stage 3 ROP Stage 3 ROP p value

N u m b e r 2 1 2 5
GA (weeks) 28 (25-33) 26 (24-29) 0 . 0 0 0 4
Birthweight (g) 670 (480-845) 680 (400-845) N S
Apgar score 1 min 7 (1-9) 5 (1-9) 0 . 0 4 2
Apgar score 5 min 8 (6-9) 8 (7-10) N S
CRIB score 7 (2-10) 9 (2-13) 0 . 0 3
C reatinemia (mg/dl) 1.21 (0.78-2.2) 1.21 (0.91-1.71) N S
Dopamine (y/n) 5 2 % 9 0 % 0 . 0 0 7 7
Maximal dose (µg/kg/min) 4 (0-16) 12 (0-12) 0 . 0 0 1 2
Duration administration (hours) 4 (0-94) 53 (0-116) 0 . 0 0 1 5
Intubation (y/n) 7 6 % 9 6 % N S
Maximal OI (0-72 hours) 7.3 (0-22.5) 12.8 (0-32.9) N S
Duration ventilation (days) 7 (0-36) 15 (4-71) 0 . 0 4 4
Duration respiratory support (days) 41 (0-66) 60 (27-93) 0 . 0 0 2 4
Supplemental oxygen (days) 46 (0-77) 69 (27-139) 0 . 0 1 9

Clinical character istics of infants who developed stage 3 ROP were compared to those of infants who did not develop stage 3
R O P. Results reported by incidence or median (range)
ROP = Retinopathy of prematurity; GA = Gestational age; CRIB = Clinical Risk Index for Babies; OI = Oxygenation index

D I S C U S S I O N

Incidence and risk factors to develop ROP were stud-
ied in a single-center population of low birthweight
infants (<1500 g). Overall incidence of ROP in this co-
hort is high when compared to American cohorts and
is more in line with other European cohorts, most like-
ly to be explained by the impact of racial or genetic
factors on the risk to develop ROP (1, 2, 7-10). 

R e t rospective analysis of risk factors might pro v i d e
new insights into diff e rent mechanisms involved in
the pathogenesis of ROP. It is there f o re of potential
i n t e rest that maximal creatinemia in the first week of
life in the low risk (851-1350 g) group was a risk fac-
tor for ROP. To our knowledge, creatinemia has not
yet been described as a risk factor to develop ROP
in this birthweight category, although we recently doc-
umented the association of renal failure (cre a t i n e m i a
above 1.5 mg/dl) and threshold ROP in a cohort of
survivors (n=175) (EpiBel, ≤26 weeks GA) at thre s h-
old of viabil ity (11). 

The association of increased creatinemia and ROP
does not imply a causal association. It is much more
likely that both complications are the result of a com-
mon underlying etiologic process. Combined renal and
retinal microvasculopathy might explain this associ-

ation in line with the analogous observations in dia-
betic patients. We there f o re believe that this obser-
vation further emphasizes the relevance of studying
polymorphism of the vascular endothelial growth fac-
tor or other growth factors and the associated risk of
developing ROP in preterm infants (12-14). This ob-
servation should be confirmed by a multicenter,
p rospective approach, because creatinemia might be
just another marker of disease severity in early
neonatal life. 

Using stepwise logistic re g ression, CRIB score had
no additional impact on the risk of developing ROP
in the lowest birthweight category, most likely due to
the overall high incidence of ROP in survivors with a
birthweight below 851 g. In contrast, CRIB score had
an additional independent effect on the risk of de-
veloping retinopathy in the intermediate birthweight
category and the same results were documented if
GA was considered. 

Although only based on re t rospective data on a re l-
atively limited number of infants in a single unit, these
findings are suggestive that immaturity itself had a
dominant effect on the risk of developing grade 3 ROP
in the tiniest group, whereas prematurity and severi-
ty of neonatal disease acted synergistically in the in-
termediate weight (851-1350 g) group. The observa-
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tion of the association of CRIB score and an incre a s e d
risk of developing ROP in the low risk group might be
used to develop a GA-based, disease severity – weight-
ed risk score using markers (GA, CRIB) already avail-
able in early neonatal life. Such a risk score might be
used to enable caregivers to further refine scre e n i n g
guidelines. 

In conclusion, we illustrated that the bimodal dis-
tribution of ROP can be explained by an overall high
incidence in more immature infants, whereas pre m a-
turity and disease severity characteristics seem to act
s y n e rgistically in less immature infants. The associ-
ation of maximal creatinemia with development of ROP
in a low risk cohort of infants was documented. This
association is not causal but creatinemia most likely
is an indicator of impaired microperfusion in early neona-

tal life. These findings might be relevant in the re-
finement of screening strategies. In addition, these
observations might provide new insights into the un-
derlying pathogenesis of this disease. These single-
center observations should be tested in a larg e r, mul-
ticenter population using a prospective approach. 

Reprint requests to:
K. Allegaert, MD
Neonatal Intensive Care Unit
Department of Paediatrics
University Hospitals, Gasthuisberg
H e restraat 49
3000 Leuven
k a re l . a l l e g a e r t @ u z . k u l e u v e n . a c . b e


