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Introduction

developing eye of the premature infant underlies retinopathy of prematurity
(ROP), it may be hypothesized that a change in vascular endothelial growth
factor (VEGF) level in the infant s vascular bed predicts the course of the disease.
Purpose: To determine serum VEGF levels and to assess changes in these levels
over time in infants at risk for developing ROP.

Materials and Methods: Twenty three infants born preterm underwent
examinations for ROP. Two examinations were performed 14+3 days apart.
A 1-ml blood sample was collected to obtain a 0.5-ml serum sample from
each infant. Serum was frozen at -20° C until analysis. Serum VEGF levels
were assessed by enzyme-linked immunosorbent assay (ELISA) method using
Human VEGF-A ELISA Kit (Ray Biotech Inc., Norcross, GA) following the
manufacturer s instructions. Newborns were divided into two groups: those who
exhibited ROP progression or absence of improvement (Group 1), and those who
exhibited regression of ROP (Group 2). A Student s t-test or Wilcoxon rank-sum
test was used for two-group comparison.

Results: There were no significant differences between groups with regard to
birth weight or gestational age (p<0.17; p<0.06). In addition, there was no
significant difference with regard to serum VEGF level between groups at the
first and second screening examinations (p<0.56). The difference in serum VEGF
levels between two screening examinations for Group 1 was not significant
(Friedman test, p = 0.27), whereas a decrease in serum VEGF levels between
these examinations for Group 2 was significant (Friedman test, p = 0.046).
Conclusion: There was no significant difference with regard to serum VEGF level
between groups at the first and second screening examinations. The increase in
serum VEGF level between two examinations for infants who exhibited ROP
progression or absence of improvement was not statistically significant. Infants
with disease regression demonstrated a significant decrease in serum VEGF
level at the second examination compared to the first examination.

Retinopathy of prematurity (ROP) is a severe eye
disorder associated with immaturity of retinal vessels in
children born preterm. Although, in the majority of cases,
ROP regresses spontaneously, only a timely intervention
can prevent imminent blindness in a neonate with
progressive ROP.

Vacularization of the human retina begins at 14 weeks
gestational age, and is completed by approximately 40
weeks, at term [1]. Vascular endothelial growth factor
(VEGF) plays a crucial role in the development of all human
organs beginning from the fetal period of development. A
positive role of VEGF in this process has been many times
demonstrated in animal models and in humans [2-5]. In
addition, this factor plays an important role in pathologic

angiogenesis which is associated with a variety of eye
conditions including diabetic proliferative retinopathy,
neovascular subretinal membrane, neovascular glaucoma
and ROP. Because excessive growth of abnormal retinal
vessels in the developing eye of the premature infant
underlies ROP, it may be hypothesized that a change in
VEGEF level in the infant’s vascular bed predicts the course
of the disease.

The purpose of the study was to determine serum
VEGEF levels and to assess changes in these levels over
time in infants at risk for developing ROP.
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Materials and Methods

Twenty three preterm neonates (< 32 weeks of gestation
with a birth weight <1500 g) without severe systemic
disorders or developmental abnormalities underwent serum
VEGF level assessment. Screening started at postnatal age
4th week and continued until complete vascularization
of the retina or until sub-threshold or more severe ROP
developed requiring for surgical intervention. Dilated
fundus examination was performed with a binocular direct
ophthalmoscope and Panocam (Visunex Medical Systems,
Fremont, CA).

A 1-ml blood sample was collected to obtain a 0.5-
ml serum sample from each infant. Two examinations
were performed 1443 days apart. It should be noted that
the current study did not need for additional invasive
interventions since we used the blood doses for routine
blood tests. Serum was frozen at -20° C until analysis.
Serum VEGF levels were assessed by enzyme-linked
immunosorbent assay (ELISA) method using Human
VEGF-A ELISA Kit (Ray Biotech Inc., Norcross, GA)
following the manufacturer’s instructions. Newborns
were divided into two groups: those who exhibited
ROP progression or absence of improvement (Group
1), and those who exhibited regression of ROP (Group
2). Student’s t-test was used for group comparison for
normally distributed variables and Wilcoxon rank-sum
(Mann-Whitney) test was used for group comparison for
non-normally distributed variables.

Results

Of the 23 study infants, there were 13 boys and 10
girls. Gestational age at birth ranged from 26 weeks to 32
weeks (mean £ SD, 29+3 weeks), and birth weight ranged
from 880 g to 1,600 g (mean + SD, 1,240+£360 g).

At the first examination, ROP was found in 8 infants,
and avascular retinal areas were found in 15 infants. Fundus
changes were assessed at the second examination. ROP
progressed, regressed spontaneously, or remained stable
in 2, 3 and 3 infants, respectively. In addition, avascular
retinal areas improved (to normal retinal vascularization),
worsened (due to development of ROP) or remained stable
in 5, 4 and 6 infants, respectively. Group 1 (progressive or
stable ROP) involved 15 infants, and Group 2 (regressive
ROP) involved 8 infants.

First, the groups were compared with regard to birth
weight, gestational age and serum VEGF level at the first
screening examination (Table 1). There were no significant
differences between groups with regard to birth weight,
gestational age or serum VEGF level.

Second, the groups were compared with regard to
longitudinal serum VEGF levels. Table 2 presents serum
VEGF levels for the groups at the second screening
examination (1443 days after the first screening
examination). There was no significant difference between
groups with regard to serum VEGF level at this time point
(p = 0.62). Friedman test was used to analyze longitudinal
change in serum VEGF levels.

We calculated differences in serum VEGF levels
between the two examinations for those who exhibited
ROP progression or absence of improvement (Group
1), and those who exhibited regression of ROP (Group
2). The difference in serum VEGF levels between the
two examinations for those who exhibited regression of
ROP (p=0.046), but not for those who exhibited ROP
progression or absence of improvement (p = 0.27), was
significant.

Discussion

ROP pathogenesis has been linked with a change
in VEGF in the vascular bed. The role of VEGF in the
formation of ROP has been demonstrated in the mouse
models of oxygen-induced ROP [6]. The initial formation
of the human fetal retinal vasculature takes place under
favorable conditions with relatively stable oxygenation
(so called physiological hypoxia), but a baby exhibits
oxidative stress after preterm birth [5, 7]. At that point
hyperoxygenation substantially inhibits VEGF release
which, in turn, arrests normal retinal vasculogenesis.
As a result, avascular areas form in the retina. Because
the absence of vessels in the periphery of the eye results
in hypoxia of these areas, this tissue condition is the
stimulus for excessive VEGF production and uncontrolled
neovascularization. VEGF has been shown to be a major
promoter of neovascularization [5, 8, 9], although other
regulating factors (Insulin-like Growth Factor 1 (IGF-1),
IL-1, IL-6, etc.) also play a role. This finding has provided
a basis for the use of anti-VEGF agents in the therapy of
ROP. Although there is no general consensus on whether
the benefits outweigh potential harm for preterm newborns,
the efficacy of anti-VEGF agents in the therapy of ROP
has been demonstrated.

Given the role of VEGF in the development of ROP,
numerous studies were conducted to determine a normal
range for the VEGF level in healthy, term neonates.
Attention was also given to umbilical cord serum VEGF
levels and to the potential for using them as a predictor
of ROP. Prior studies examining VEGF concentrations at
birth have detected no difference in VEGF concentrations
in cord blood between preterm and term infants [10], or
between preterm infants who later developed ROP and
those who did not develop this disease [11]. A significant
difference in blood VEGF levels, however, has been found
between neonates and healthy adults [12].

Therefore, the issue of determining a normal range for
the VEGF level in human biological media is still to be
solved. Until recent years, there have been no reports on
a normal range for the VEGF level in neonates. It should
be noted that increased serum VEGF levels have been
demonstrated in studies on other pathological conditions
(such as respiratory or cardiovascular developmental
disorders) in preterm infants. There have been several
reports on studies on serum VEGF levels in neonates.
Ozlem Teksam et al [13] compared infants with meconium
stained amniotic fluid (MSAF) with healthy term newborn
infants without MSAF with regard to VEGF levels in cord
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and arterial blood. Although they did not find significant
differences in these indices between the two groups, the
results of the study were interesting in that the authors
determined blood VEGF levels for healthy term newborns.
They found that plasma VEGF levels in the MSAF group
of 18 newborns were 190 pg/ml (range, 35 to 1100 pg/ml)
versus 155 pg/ml (range, 31 to 360 pg/ml) in the control
group of 16 healthy newborns.

Tsao et al [14] compared cord blood VEGF
concentrations in preterm infants with respiratory distress
syndrome (RDS) versus infants without RDS. They found
that infants with RDS had significantly lower cord blood
VEGF levels. It should be noted that the risk factors for
developing RDS (a lower gestational age, lower birth
weight, higher incidence of mechanical ventilation
requirements, longer duration of mechanical ventilation,
and lower Apgar scores at 1 and 5 min) were the same as
for ROP.

Hellgren et al [10] determined VEGF plasma
concentrations in cord blood and longitudinal serum
VEGF concentrations for preterm infants in relation to
ROP. The study included 52 infants born at <31week
gestational age. Thirty-three infants were classified as non-
ROP, 10 infants were classified as having nonproliferative
ROP, and 9 infants were classified as having proliferative
ROP and were later treated with laser for ROP. VEGF
concentrations were analyzed in blood samples collected
at birth, at 3 days postnatal age, and then weekly until at
least a gestational age of 35weeks. No correlations were
found between VEGF concentrations at birth and later
ROP status; median (95% CI for median) concentrations
in cord blood were 20.2 (7.2-36.1) pg/ml, 32.4 (2.1-73.1)
pg/ml, and 29.6 (6.2—-89.8) pg/ml in infants with no ROP,
nonproliferative ROP, and treated for ROP, respectively.
However, infants requiring treatment for ROP had
significantly higher median VEGF serum concentrations at
34, 35, and 36 week PMA (the time points corresponding
to active retinal proliferation) than infants without ROP
[15].

A study by Australian researchers reported on a normal
range for the serum VEGF level in healthy, term neonates
[16]. The serum VEGF-A levels were obtained from 32
neonates born at term infants (16 males and 16 females).
The mean postnatal age for these infants at the time of
sampling was 6.9 (4.3) days. There was no significant
difference in serum VEGF-A level between female and
male infants. There was no correlation between birth
weight and plasma VEGF-A levels. There was also no
significant correlation between time of sampling and
VEGF-A level. The median sVEGF-A level was 976 (394
—1,635) pg/mL.

As we can see, studies vary widely with regard to
findings for ranges of serum VEGF levels, and there are,
to the best of our knowledge, no regulations regarding
these ranges. That is why each study compares the study
group with the control group with regard to ranges of
these levels. In the current study, we found no statistically

significant difference in serum VEGF levels among two
groups and between examinations, although the ranges of
these levels were wide. It was, however, interesting that
infants with disease regression demonstrated a significant
decrease (p=0.046) in serum VEGF level at the second
(76 = 74 pg/ml) compared to the first examination (89
+ 58 pg/ml). Before this study we believed that there is
a close relationship between an increase in VEGF level
and progression of ROP. Findings of the current study,
however, made us approach the problem from a different
angle. A reduction in or normalization of VEGF level might
indicate a stabilization or even regression of the disease.
A decline in serum VEGF level in the presence of retinal
improvement in infants at risk for developing ROP also
advocates a relationship between this characteristic and
the course of ROP. There is, therefore, a need for further
research and new methods for diagnosing ROP.

Conclusion

Infants who exhibited ROP progression or absence
of improvement had an increased serum VEGF level at
the second screening examination compared to the first
screening examination (p=0.27). Infants with disease
regression demonstrated a significant decrease (p=0.046)
in serum VEGF level at the second examination (76 + 74
pg/ml) compared to the first examination (89 + 58 pg/ml).
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Table 1. Birth weight, gestational age (GA) and serum VEGF level at the first screening examination (K1) for two groups

X+SD
Characteristic Significance of difference (p)
Group 1 (n=15) Group 2 (n=8)
Birth weight (g) 12151247 13604208 0.17
GA (weeks) 29.2+1.8 30.7¢1.5 0.06
K1 (VEGF, pg/,l) 1281124 89158 0.56

Note: There was no difference between groups in distribution of birth weight, gestational age and serum VEGF level at the first
screening examination (p<0.17; p<0.06; p<0.56)

Table 2. Serum VEGF level at the second screening examination (K2) for two groups

X£SD

Characteristic Significance of difference (p)
Group 1 (n=15) Group 2 (n=8)

K2 (VEGF, pg,)) 160£131 76474 0,62

Note: There was no difference between groups in distribution of serum VEGF level at the second screening examination
(p<0.62)
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