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Abstract

Background: Retinopathy of prematurity (ROP) is a leading cause of blindness. Current screening
recommendations are mainly based on two risk factors: birth weight (BW) and gestational age (GA); however,
many investigators have suggested other risk factors especially those related to treatment.

Aim: To determine the risk factors of ROP related to blood transfusion among preterm neonates admitted to the
neonatal intensive care units (NICUs) of Cairo University Children Hospitals.

Patients and Methods: A prospective cohort study including 87 preterm neonates (GA < 32 weeks and/or
BW < 1500 g). Documents from NICUs and investigation results were obtained, digital fundus photography and
indirect ophthalmoscopy were used to examine the patients for presence of ROP. Scores for ROP were computed.
Risk factors related to blood transfusion and development of ROP were documented.

Results: The majority of patients who had severe ROP needed to receive blood transfusions, plasma transfusions
or platelet transfusions.

Highlights: Gestational age and birth weight are the two most well-established risk factors for ROP, in addition
to other factors such as oxygen therapy.

The need for blood and plasma transfusions in preterm babies has established the need for studying the effect of
blood transfusion and plasma transfusion as risk factors for the development of ROP. This study determines the
relationship between these transfusions and ROP.

Conclusion: Blood transfusion and plasma transfusion and platelet transfusion were all risk factors for the
development of severe ROP.
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Fortunately, there is an increase in survival rates
INTRODUCTION among very low birth weight preterm newborns who
are at the greatest risk for developing ROP.
Therefore, the disease has been extensively studied
aiming to prevent development of the disease and its

Retinopathy of prematurity (ROP) is a disorder
affecting the retina in preterm infants. It is a serious
condition that can lead to blindness. ROP can be

affected by multiple factors, such as those related to CONSequences. As a result, R.OP has_ bgcome the
the mother, delivery, infant and treatment factors leading cause of preventable plmdne§§ n ”.‘fa'?ts [4].
[1] The normal relatively hypoxic conditions inside the

In 2020, the World Health Organization’s Vision uterus allow retinal vascularization. After birth, the

program identified ROP as a leading cause of hyperoxic environment, even room gir, can suppress
blindness in childhood, especially in low- and the growth of the vessels of the retina and this can

middle-income countries (LMIC). Almost 185 result in improper vascularization of the retina (ROP

thousand infants born prematurely worldwide were Phase 1). With the growth of the retina and
estimated to have developed ROP of any stage, more increasing demands with the impaired retinal
than 10% of which developed blindness or severe vascularization, higher levels of retinal hypoxia
visual impairment [2]. occur (ROP Phase 2) [S]. ) _

Eliminating the preventable blindness attributed to Over time, a fibrous scar extending from the retina
retinopathy of prematurity (ROP) continues to be an to the lens occurs. Retraction of this scar can

ongoing challenge for both ophthalmologists and separate .the retina_from the_ retinal epithelium,
neonatologists [3]. resulting in detachment and blindness. In a normal

40 weeks gestation, the most important weeks for
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the development of the eyes are the last 12 weeks. In
premature infants, the normal growth stops [6].
Although the incidence of ROP increases with
decreasing gestational age and birth weight, not all
preterm neonates develop ROP. There are many risk
factors, prenatal and postnatal, which may increase
the probability of ROP [7]. The other factors being
less significantly associated with ROP include
oxygen therapy, history of transfusion, sepsis, and
anemia.

A small subset of ROP infants require intervention.
Therefore, it is important to better understand the
risk factors of ROP to decrease the disease
progression [8].

Most extremely preterm infants receive blood
transfusions for anemia at some point during their
hospitalization, based on hemoglobin levels and
clinical indications, including oxygen requirements
[9]. The hypoxic avascular retina stimulates large
increases in vascular endothelial growth factor
(VEGF) and Erythropoietin (EPO), which results in
uncontrolled retinal neovascularization in phase
2. Without timely treatment, neovascularization can
lead to retinal detachment and blindness. In preterm
infants, vitreous levels of EPO were elevated in
infants that developed neovascularization during
phase 2 ROP [10].

Of the risk factor for developing ROP, one of the
most relevant in routine clinical practice is blood
transfusion. A statistical correlation between the
amount of blood transfused and the severity
of retinopathy is established, but the potential
causality of the relationship remains unclear.
Transfusion of RBCs appears to be a risk factor for
the development of ROP. The increased risk might
be due to either the administration of adult
hemoglobin or the iron overload resulting from the
transfusions. Iron overload increases the risks of
oxygen radicals. Adult hemoglobin causes a higher
delivery of oxygen to tissues compared to fetal
hemoglobin. Some studies found that anemia was
related to an increased risk of ROP, as well as the
administration of EPO [11].

Identifying the risk factors that accelerate the
progression of ROP and knowledge of its etiology
can help ophthalmologists and neonatologists screen
carefully, make an accurate diagnosis, and reduce
the disease complications [12,13].

PATIENTS AND METHODS

Aim of the Study:

Determine the relationship between blood
transfusion and ROP in preterm babies admitted at
the neonatal intensive care units.

Study Design:

A prospective cohort study including 87 preterm
infants screened for ROP after they were admitted to
the two Neonatal Intensive Care Unit (NICU)s run
by Cairo University Hospitals: EI Mounira NICU,
and Al Kasr Al Ainy NICU. Preterm neonates were
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screened for ROP by cooperation between the
Department of Neonatology and the Department of
Ophthalmology.

Study participants:

Inclusion criteria:

- Preterm infants with gestational age (GA) <32
weeks.

- Preterm infants with birth weight (BW) <1500 g.
Exclusion criteria:

- Full-term neonates.

- Neonates suffering from hydrocephalus, or any
congenital anomalies.

- Infants suffering from ocular media opacities that
interfered with fundus examination or had any
congenital retinal anomalies.

- Neonates who died or were lost to follow-up before
development of ROP or full vascularization of the
retina were excluded.

Sample size: The calculated sample size is 78
patients that will be increased to 87 patients with
addition of 10% to compensate for dropout based on
the detection of ROP by Eckert et al. [14].

Study location:

Neonatal Intensive Care Unit (NICU)s run by Cairo
University Hospitals: EI Mounira NICU, and Al
Kasr Al Ainy NICU

Study timing: May 2020 to May 2021

Statistical analysis:

Data were analyzed using the statistical package for
the Social Sciences (SPSS) version 28 (IBM Corp.,
Armonk, NY, USA). Quantitative data was
summarized using mean, standard deviation,
median, minimum and maximum, while categorical
data was summarized using frequency (count) and
relative frequency (percentage). Comparisons
between quantitative variables were done using the
non-parametric Mann-Whitney test. For comparing
categorical data, Chi square/ Fisher’s exact test was
performed. Correlations between quantitative
variables were done using Spearman’s correlation
coefficient. P-values less than 0.05 were considered
statistically significant.

Ethical consideration:

Our study was carried out after approval by the
ethical committee of the Faculty of Medicine, Cairo
University. Informed consents were obtained from
infants' parents. Strict confidentiality and privacy
were maintained throughout the process of data
collection, entry and analysis as the principles stated
in the Declaration of Helsinki.

Methodology in details:

All neonates included in this study were
subjected to the following:

1- Documentation of perinatal and neonatal data:
Data were extracted from daily neonatal progress
notes throughout hospital admission on a weekly
basis. The collected data included:

) Patient demographics (birth  weight,

gestational age, sex)

. Need and frequency of blood transfusion.
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. Results of laboratory investigations
(complete blood picture, chemistry, and C-reactive
protein, INR)

2- Eye Examination:

The initial screening and follow-up examinations
were performed in accordance with the timetable
recommended by the American Academy of
Pediatrics (AAP) and the American Association for
Pediatric Ophthalmology and Strabismus (AAPQOS)
statement on screening of preterm newborns for
ROP. The trained neonatal physician /
ophthalmologist assessed patients in the NICU with
the newborn in the incubator if they were
hospitalized, or in the NICU follow-up clinic
following release from the hospital.

A physician with experience in digital imaging
screening (RetCam screening) for ROP conducted
the first eye examination. An ophthalmologist
interpreted the images and confirmed the zone,
stage, and extent of the ROP by an indirect
ophthalmoscope. If the newborn did not have ROP
after the initial evaluation, he/she was reevaluated
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every two weeks until full wvascularization.
According to Eckert et al., the ROPScore was
applied at the sixth week of life (2012). The
ROPScore was used to predict the severity of ROP.
The presence or absence of blood transfusions up to
the sixth week of life, BW, GA (evaluated by
obstetric history, early obstetric ultrasound, and
confirmed by newborn infant clinical examination),
proportional weight gain measured at 6 weeks of
life, and oxygen in mechanical ventilation were all
necessary criteria for this process [14].

RESULTS

This study was conducted on 87 preterm neonates
who were admitted to the Neonatal Intensive Care
Units of Cairo University Hospitals.

Out of the 87 neonates, 51 (58.6%) were males and
36 (41.4%) were females. Regarding the birth
weight, the neonates had a mean birthweight of
1302.41 gm (x170.20 gm) while the average
gestational age at birth was 31.32 weeks (£0.90
wks.) (Table 1).

Table (1): Demographic data of the neonates included in the study (n = 87)

. . Mean + :
Numerical variables Standard Deviation Median Range
GA* (weeks) 31.32£0.90 32.00 (29-32)
Birth weight (gm) 1302.41 £ 170.20 1300.00 (900 -1500)
Categorical variables Frequency Percentage
Male 51 58.6%
Gender
Female 36 41.4%
Single 59 67.8%
Single/multiple gestation
Multiple 28 32.2%

* GA: gestational age.

For statistical analysis, we divided the cases into two
groups ROP not requiring treatment (mild ROP) and
ROP requiring treatment (severe ROP).

Among our study participants, 45 patients received
blood transfusions. All the patients (9/9, 100%) who
developed severe ROP received blood transfusions,
while (36/78, 46.2%) of the patients who developed
mild ROP had blood transfusions, and (42/78,
53.8%) of them did not receive blood transfusions.
This difference has been shown to be statistically
significant (P = 0.003) (Table 3).

Eur. Chem. Bull. 2023,12( issue 9),712-717

Regarding plasma transfusion, all the patients with
severe ROP received plasma transfusions, while
56.4 % of those who had mild ROP received plasma
transfusions. This difference was considered
statistically significant (P=0.011) (Table 3).

More than two thirds of the patients with severe
ROP received platelet transfusion (77.8%) while
only 17.9% of the patients with mild ROP received
platelet transfusion and this difference was
statistically significant (P <0.001) (Table 3).
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Table (3): Comparison of blood product transfusions between both groups

ROP
ROP not requ_iring treatment ROP requiri_ng treatment | o 16
(n=78) (n=9)
Count % Count %
Blood Yes 3 46.2% > 100% 0.003
transfusion No 42 53.8% 0 0.0% .
0 42 51.3% 0 0.0%
1 17 21.8% 0 0.0%
e | e A : i
3 1 1.3% 7 77.8%
4 1 1.3% 0 0.0%
Plasma Yes 44 20.4% ° 100.0% 0.011
transfusion No 34 43.6% 0 0.0%
Platelet ves 1 L9% ! e 0.001
transfusion No 64 82.1% 2 22.2%

After analyzing the relationship between the ROP
score and blood transfusions we found a statistically
significant difference when comparing the number
of blood transfusions with the ROPscore (P<0.001).
The correlation between these two variables has

been shown to be a positive one, which means that
whenever there is an increase in the ROP score there
is also an increase in the number of blood
transfusions received by the neonates and vice versa.

Table (5): Correlations between the ROPScore at 6 week of life and number of blood transfusions among

the study group

ROP Score at 6th week

Correlation Coefficient

P value

No. of blood transfusions 0.725

<0.001

DISCUSSION

One of the main causes of childhood blindness
worldwide is retinopathy of prematurity. There
aren't many studies that show how serious ROP
actually is as a healthcare problem in Egypt and
other parts of Africa and the Middle East. Multiple
factors, including race, geographical area, quality of
NICUs, and the survival rate of newborns, affect the
incidence of ROP. Due to differences in economic
status, screening programs, and level of prenatal
care at different institutions, the incidence of ROP
differs between countries and within institutes
within the same country [15].

Neonatal screening examination for ROP detection
offers the highest possibility of treating the disease
in those infants who are likely to develop permanent
ROP-related complications when done between the

Eur. Chem. Bull. 2023,12( issue 9),712-717

fourth and sixth week after delivery in VLBW and
ELBW preterm infants [16].

The incidence of mild ROP, not requiring treatment
in our study was 89.7%, and the incidence of severe
ROP, which required treatment was 10.3%.
Treatment was performed successfully in the form
of intravitreal injection of anti-vascular endothelial
growth factor (anti-VEGF).

Red blood cell transfusion during the early neonatal
period has been associated with the development of
severe ROP. In this study, blood transfusion was a
risk factor for severe ROP, which is in agreement
with the study by Akkawi et al. in 2019 [17].
Lundgren et al. [18] found that during the first
postnatal week, infants with progressive ROP (28%)
more frequently developed anemia (42.9% versus
8.0%, P = 0.003). However, Hirano et
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al. [19] reported that it was controversial, and that
overload of iron rather than blood transfusion
frequency leads to ROP.

Similar to our findings, Lust et al. [20] related the
use of transfusions during the first 10 days of life
with the development of severe ROP. Similarly,
Schecter et al. [21] observed that the number of red
blood cell transfusions during the neonatal period in
VLBW newborns is related to the development of
more severe forms of ROP. All the patients with
severe ROP in our study received blood transfusions
compared to 46.2% of patients with mild ROP
(P=0.003).

Bas et al. [22] suggested that limiting the number of
transfusions can reduce the prevalence of ROP.
Strategies such as late clamping of the umbilical
cord and limiting the use of venipuncture for
laboratory tests may reduce the need for red blood
cell transfusion.

Dani et al. [23] observed a significant association
between ROP and fresh frozen plasma transfusion,
as the newborns in whom it was indicated were
critically il newborns  with  consumptive
coagulopathy. Similar to these findings, patients
with severe ROP in our study had a significantly
higher INR value than patients with mild ROP and
all of them received plasma transfusions compared
to 56.4% of patients with mild ROP (p=0.011).
Infants with ROP requiring treatment in our study
needed more blood transfusions than patients with
mild ROP. There are many risk factors for the
development of severe ROP, in our study we found
an association between the transfusion of blood
products and severe ROP. These results are similar
to the findings of other lower- and middle-income
countries [24].

The result of this study revealed a significant
relation between thrombocytopenia and severe ROP
requiring treatment (p=0.001). This finding is in
agreement with studies which is suggest an
association between thrombocytopenia and severe
ROP including aggressive posterior ROP and zone |
ROP by Lundgren et al.in 2017 [25].

Dani et al. [26] observed a significant association
between ROP and fresh frozen plasma transfusion,
as the newborns in whom it was indicated were
critically ill  newborns  with  consumptive
coagulopathy. Similar to these findings, patients
with severe ROP in our study had a significantly
higher INR value than patients with mild ROP and
all of them received plasma transfusions compared
to 56.4% of patients with mild ROP (p=0.011).
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