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Background: Chronic placental inflammation (CPI) has been implicated in the pathogenesis of
diseases in premature infants, whereas retinopathy of prematurity (ROP) is a major complication
primarily affecting preterm and very low-birth-weight (VLBW) infants. This study aims to investigate
the association between CPI and ROP in VLBW infants. Methods: We performed a retrospective
review of clinical records of VLBW infants born between 2013 and 2016. Placental pathology
findings including CPI cases were analyzed using logistic regression to study infants’ morbidities
and other clinical characteristics. Results: A total of 402 infants with a mean (standard deviation)
gestational age of 28.5 (2.8) weeks and birth weight of 1,027.2 (304.4) g were included. The inci-
dence of ROP was 24.1%. CPI was found in 90 infants (22.4%), among which 28.9% (26 of 90)
developed ROP, and 21.1% (19 of 90) underwent laser photocoagulation. Lower gestational age,
lower birth weight, longer duration of oxygen supply, and presence of CPI were associated with
the development of ROP. After adjustment for gestational age, birth weight, sex, duration of oxygen
supply, and other overlapping placental pathology, CPI was associated with the odds for type 1
ROP that required laser photocoagulation (adjusted odds ratio, 2.739; 95% confidence interval,
1.112 to 6.749; p=.029). Conclusions: CP| was associated with severe ROP requiring treatment
with laser photocoagulation in VLBW infants.
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Preterm birth is associated with an increased risk of perinatal
mortality and long-term morbidity.' The pathological findings
of the placenta often provide valuable information regarding
the clinical outcomes of preterm infants because the changes in
the placenta mirror intrauterine environments affecting the fetus.™
Acute and chronic placental inflammations are common pathology
of preterm birth and are significantly associated with preterm
birth and neonatal morbidity."* While acute placental inflam-
mation (API) (acute chorioamnionitis and acute funisitis) is caused
by the infiltration of neutrophils into the placental compart-
ments, chronic placental inflammation (CPI) (chronic chorioam-
nionitis, chronic villitis, and chronic deciduitis) is characterized
by the infiltration of lymphocytes, plasma cells, and/or macro-
phages.”® API accompanies elevation of proinflammatory cyto-
kines such as interleukin (IL)-6 and IL-8 in the amniotic fluid and
fetal plasma. On the other hand, CPI is associated with elevation
of antiangiogenic T-cell chemokines CXCL9, CXCL10, and
CXCL11 in the amniotic fluid and fetal plasma.® Therefore, it
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is very plausible that API and CPI affect the systemic biology
of preterm newborns.

Illnesses associated with prematurity include respiratory distress
syndrome (RDS), intraventricular hemorrhage (IVH), broncho-
pulmonary dysplasia (BPD), and retinopathy of prematurity
(ROP). The prevalence of ROP has increased because of progres-
sive improvement in the survival of preterm infants. The overall
incidence of ROP has been reported to be 66% for any severity
of ROP, 18% for moderately severe ROP, and 6% for severe ROP
in preterm infants born weighing <1,250 g.” Lower gestational
age (GA), lower birth weight, and longer oxygen supply in the
postnatal period are known major risk factors for the development
of ROP?® Recent studies have suggested an association between
chorioamnionitis and ROP*’ They reported that the incidence
of ROP has increased more in infants born to mothers with his-
tologic choricamnionitis than in infants born to mothers without
chorioamnionitis."*” An exposure of the immature retina to
changing levels of oxygen leading to dysregulated expression of
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retinal growth factors such as vascular endothelial growth factor
(VEGEF) and insulin-like growth factor (IGF) seems to play a major
role in the development of ROP.” Maternal systemic inflamma-
tion, as in acute histologic choriocamnionitis, affects the develop-
ment of ROP by decreasing levels of IGF-1,>'" which causes
abnormal vascularization of the retina. In view of the relationship
between acute chorioamnionitis and ROP, we postulated that CPI
representing maternal antifetal rejection with derangement in
antiangiogenic chemokines can be associated with the develop-
ment of ROP. This study was conducted to determine if there is
a relationship between CPI and ROP in very low-birth-weight
(VLBW) infants who were born less than 1,500 g.

MATERIALS AND METHODS

Study population

This was a recrospective cohort study of VLBW infants born
at Asan Medical Center Children’s Hospital, a tertiary academic
centet, and admitted to neonatal intensive care unit between Jan-
uary 2013 and December 2016. Infants with major congenital
malformations or chromosomal abnormalities who died within
72 hours after birth, transferred to other hospitals, or did not have
placental biopsies were excluded from analysis (Fig. 1).

Study design

Perinatal and neonatal clinicopathologic data on each infant
including placental biopsies and presence of ROP were retrieved
from the electronic medical records. The Institutional Review
Board of Asan Medical Center (2017-1058) approved the collec-
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tion and use of the clinical information for research purposes
before the investigation was started and waived the requirement
for informed consent.

Placental pathology

Placental examinations were routinely performed after delivery
of VLBW infants. Hematoxylin and eosin—stained sections of
the amnion, choriodecidua, umbilical cord, and chorionic plate
were examined by pathologists at the same hospital. Histopath-
ological screening of the placenta was performed according to the
diagnostic criteria recommend by the Perinatal Section of the
Society for Pediatric Pathology."" The placental pathological find-
ings wete grouped into four categories: amniotic fluid infection/
inflammation (ACA), maternal vascular underperfusion (MVU),
fetal vascular thrombo-occlusive disease (FVTOD), and CPI.
The subtypes of CPI included chronic choricamnionitis (CCA),
chronic deciduitis, and villitis of unknown etiology (VUE)."*"

Examination and treatment of retinopathy of prematurity
We had been performing routine eye examinations of neonates
whose GA was < 32 weeks or whose birth weight was < 1,800 g.
Eye examinations were performed at postnatal day 28 or at 32
weeks in postmenstrual age by an ophthalmologist. Performance
of follow-up eye examinations depended on the disease severity.
Diagnoses of ROP were based on the international classifica-
tion."* Laser treatment was performed for eyes reaching type 1
ROP. Type 1 ROP was divided into zone I, any stage ROP with
plus disease; zone I, stage 3 ROP without plus disease; and zone
1, stage 2 or 3 ROP with plus disease.” We also included se-

518 VLBWs 102 Infants exclusions:
from 2013 t0 2016 35 Infants died within 72 hours
35 Infants transferred
32 Infants with major anomaly &
chromosomal disorder
14 Infants without placental biopsy
402 Infants
\
[ [ [ \
85 Infants 90 Infants 149 Infants 40 Infants
X N Chronic placental Maternal vascular Fetal vascular thrombo-
Acute chorioamnionitis inflammation underperfusion occlusive disease
[ \
43 Infants 41 Infants 15 Infants
Chronic chorioamnionitis Chronic deciduitis Villitis of unknown etiology

Fig. 1. Study population. VLBW, very low-birth-weight.
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vere ROP as type 1 ROP that required laser photocoagulation.

Clinical data on neonates

Demographic characteristics such as GA, birth weight, sex,
history of multiple births, incidence of maternal preeclampsia,
type of delivery, antenatal steroid use, Apgar scores at 1 and 5
minutes, presence of major morbidities such as RDS, patent ductus
arteriosus (PDA), BPD, pulmonary arterial hypertension (PAH),
significant neurological injury (SNI), necrotizing enterocolitis
(NEC), and late-onset sepsis (LOS), duration of hospital stay,
and mortality were obtained for each subject. Significant PDA
was defined as a condition requiring pharmacological and/or sur-
gical treatment for the mitigation of hemodynamic disturbance.
PAH was diagnosed based on the use of medication according
to echocardiographic results. SNI included IVH severer than grade
IIT or periventricular leukomalacia. LOS was defined as bacterial
infection confirmed by a positive blood or cerebrospinal fluid
culture after postnatal day 7.

Statistical analysis

Statistical analysis was performed using SPSS ver. 23.0 (IBM
Corp, Armonk, NY, USA). Correlations between CPI and clinical
outcomes were determined by performing the chi-square test or
Fisher exact test for categorical data and the t test for continuous
data. Logistic regression analysis was performed to estimate the
independent effects of the main explanatory variables of interest.
Statistical significance was defined as p <.05.

RESULTS

Clinical characteristics of the study population

A total of 518 VLBW infants were eligible for the study. Of
these 518 infants, 35 infants who died within 72 hours, 35 infants
who were transferred to other hospitals, 32 infants with major
anomalies and chromosomal disorders, and 14 infants without
placental biopsies were excluded from analysis (Fig. 1). A total
of 402 VLBW infants were included in the analysis. The mean
(standard deviation) GA, birth weight, and percentage of males
were 28.5 (2.8) weeks, 1,027.2 (304.4) g, and 51.2%, respectively.
The mean maternal age was 33.6 (17.1) years. The incidence of
preeclampsia and intrauterine growth retardation JUGR) were
16.9% and 33.1%, respectively. Regarding neonatal morbidity,
the incidence of RDS, significant PDA, moderate to severe
BPD, PAH, SNI, NEC >stage 2, and LOS was 59.2%, 41.5%,
26.1%, 3.0%, 7.8%, 4.7%, and 21.9%, respectively. The inci-
dence of any stage ROP and type 1 ROP requiring laser photo-

http://jpatholtm.org/

coagulation was 24.1% and 11.4%, respectively (Table 1). The
mean duration of hospital stay of the infants was 67.4 (35.0)
days, and the mortality rate was 3.9%.

Placental pathology

Of the cases included in this study, 122 did not show any pla-
cental pathological finding. Among the remaining 280 cases, 85
cases showed findings consistent with ACA, 90 cases showed CPI,
149 cases showed MVU, and 40 cases showed FVTOD (Fig. 1).
Two or more placental pathological findings were superimposed
in 82 cases, and one placental pathological finding was supet-
imposed in 198 cases (Fig. 2). Of the 90 cases with CPI, 43
were with CCA, 41 were with chronic deciduitis, 15 were with
VUE, and 16 showed overlapping patterns (Fig. 1).

Table 1. Baseline characteristics and morbidity of the study cohort

Variable Value (n=402)
Neonatal characteristics
Gestational age (wk) 28.5+2.8

Birth weight (g) 1,027.2+304.4
Male 206 (51.2)
Multiple births 94 (23.4)
Maternal age (yr) 33.6+17.1
Pre-eclampsia 69 (16.9)
Cesarean section 305 (75.1)
Antenatal steroid use 363 (90.3)
Apgar score at 1 min 5.0(3-7)
Apgar score at 5 min 7.0(1-9)
IUGR 133 (33.1)
Neonatal morbidity
RDS 238 (59.2)
Significant PDA 167 (41.5)
Moderate to severe BPD 105 (26.1)
Postnatal steroid therapy 96 (23.9)
Duration of oxygen supply (day) 40.4+2.1
Pulmonary hypertension 12 (3.0)
Severe neurologic injury (IVH>grade 3 or PVL) (7.8)
NEC (>stage 2) 9(4.7)
ROP (any stage) 97 (24.1)
Type 1 ROP 46 (11.4)
Anti-VEGF therapy 14 (2.7)
LOS 88 (21.9)
Hospital stay (day) 67.4+35.0
Mortality 16 (3.9)

Values are presented as mean +SD, number (%), or mean (IQR).

IUGR, intrauterine growth retardation; RDS, respiratory distress syndrome;
PDA, patent ductus arteriosus; BPD, bronchopulmonary dysplasia; IVH,
intraventricular hemorrhage; PVL, periventricular leukomalacia; NEC, nec-
rotizing enterocolitis; ROP, retinopathy of prematurity; VEGF, vascular endo-
thelial growth factor; LOS, late-onset sepsis; SD, standard deviation; IQR,
interquartile range.
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Fig. 2. Microscopic features of chronic chorioamnionitis and acute funisitis (representative case). (A) Lymphocytes (arrow) infiltrate into the
chorionic trophoblast layer of the chorioamniotic membrane. (B) Neutrophils (arrow) infiltrate into the smooth muscle layer of the umbilical

artery.

Table 2. Characteristics of infants on the basis of CPI

Variable Non-CPI (h=312) CPI (n=90) p-value
Gestational age (wk) 29.1+2.9 28.4+3.2 .007*
Birth weight (g) 1,064.7 £286.9 1,012.5+309.1 .589
Sex 506
Male 154 (49.3) 48 (563.3)
Female 158 (50.6) 42 (46.7)
Pre-eclampsia 78 (25.0) 9 (10.0) .031*
Antenatal steroid use 284 (91.0) 79(87.8) .398
IUGR 107 (34.3) 26 (28.9) .338
RDS 177 (66.7) 61(67.8) .068
Significant PDA 127 (40.7) 40 (44.4) 531
Moderate to severe BPD 79(25.3 26 (28.9) 497
Postnatal steroid therapy 72 (23.1) 24 (26.7) 496
Duration of oxygen supply (day) 41.4+38.2 41.0+38.1 163
Severe neurologic injury (IVH >grade 3 or PVL) 34 (10.9) 9(10) .051
NEC (>stage 2) 15 (4.8) 4(4.4) .882
LOS 65 (20.8) 23 (25.6) 164
ROP (any stage) 71(22.8) 26 (28.9) .021*
Type 1 ROP 27 (8.6) 19 (21.1) .003*
Hospital days (day) 66.5+36.0 72.6+36.1 154

Values are presented as mean+SD or number (%).

CPI, chronic placental inflammation; IUGR, intrauterine growth retardation; RDS, respiratory distress syndrome; PDA, patent ductus arteriosus; BPD, broncho-
pulmonary dysplasia; IVH, intraventricular hemorrhage; PVL, periventricular leukomalacia; NEC, necrotizing enterocolitis; LOS, late-onset sepsis; ROP, retinop-

athy of prematurity; SD, standard deviation.
*p<.05.

Association of CPI and retinopathy of prematurity

Of the 90 cases with CPI, 28.9% (26 of 90) developed any
stage ROP, and 21.1% (19 of 90) underwent laser photocoagu-
lation (Table 2). The infants with CPI showed a significantly
lower GA (p=.007) and had a higher incidence of any stage ROP
and history of laser photocoagulation treatment than the infants
without CPI did (p=.021 and p =.003). Other characteristics
werte not significantly different between the two groups (Table 2).

Lower GA, lower birth weight, severe BPD, and longer dura-

https://doi.org/10.4132/jptm.2018.07.09

tion of oxygenation treatment were associated with greater in-
creases in the incidence of type 1 ROP. According to the patho-
logical findings of the placenta, CPI and ACA statistically correlated
with any stage ROP (odds ratio [OR], 2.050; 95% confidence
interval [CI], 1.170 to 3.592; p=.038 and OR, 2.079; 95% CI,
1.177 t0 3.671; p=.012) and type 1 ROP for laser photocoagu-
lation (OR, 2.825; 95% CI, 1.487 to 5.367; p=.002 and OR,
1.977;95% CI, 1.012 to 3.862; p =.046) in univariate analysis
(Table 3).
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Table 3. Logistic regression analysis to identify risk factors for any stage ROP and type 1 ROP

Any stage ROP Type 1 ROP
Variable No ROP ROP OR Notype 1  Type 1 ROP )
(=305  (1=97) @%c) PV popih_as  (n=4g) UREEREY  prEle
Gestational age (wk) 30025  257:17 0872(0.847-0.807) <.001* 30428 25115 0.882(0.853-0.911) <.001*

Birth weight (g) 1,152.5+239.5 740.6+212.9 0993 (0.992-0.995) <.001* 1100+267.7 680.8+198.7 0.993 (0.991-0.995) <.001*
Male 157 (515)  49(50.5) 1.000(0.329-1.126) .339  179(50.3  23(50.0) 1.000(0.504-1.305) .219
Pre-eclampsia 62 (20.9) (72 0919(0.383-2205 851  66(185) (65  0.295(0.089-0.981) .046*

) )

) )

) )

7 ) ( 3 )

Antenatal steroid 271(889)  92(94.8)  1.547(0.484-4.942) 461  321(90.2)  42(91.3) 1.145(0.388-3.382) .807

) ( 8 )

) ( )

) )

) )

IUGR 114(373)  19(19.6) 0.369(0.323-1.265) .199  125(35.1) (17.4) 0.389(0.176-0.860) .020*
Moderate to severe BPD 40(13.1)  65(67.0) 0503(0.361-0508) <.001*  67(188)  38(82.6) 0.467(0.281-0.410) <.001*
Postnatal steroid therapy 34(111)  62(639) 0512(0.380-0531) <.001*  60(168)  36(78.3 0.399 (0.382-0.606) <.001*
Duration of oxygen treatment (day) 27.9+26.1  81.2+42.7 1.054 (1.042-1.066) <.001* 3835+31.3 986+384 1.044 (1.031-1.057) <.001*

Placental pathology

CPI 642100  26(268) 2050(1.170-3592) .038*  71(19.9)  19(46.3) 2.825(1.487-5.367) .002*
CCA 33(10.8)  10(10.3) 0.159(0.691-3.152) 159  36(10.1) 7(152) 1590 (0.663-3.816) .299
Chronic deciduitis 29(9.5) 12(12.4) 00244 (0.874-3872) 244  33(9.9) 8(17.4) 2061 (0.887-4.784) 093
VUE 13 (4.9) 221  0139(0.042-2501) 139  15(4.2) 0237 (0.013-4.413) 335
ACA 53(17.4)  32(330) 2079(1.177-3.671) 012*  70(19.7)  15(32.6) 1.977(1.012-3.862) .046*
MVU 118(387)  81(820) 0.744(0452-1.344) 744  134(37.6)  15(32.6) 0.802 (0.417-1540) 507
FVTOD 29(9.5) 11(11.3)  0.806(0.325-2.0000 642  36(10.1) 487 0847 (0.287-2.498) 763

Values are presented as mean+SD or number (%).

ROP, retinopathy of prematurity; OR, odds ratio; Cl, confidence interval; IUGR, intrauterine growth retardation; BPD, bronchopulmonary dysplasia; CPI, chron-
ic placental inflammation; CCA, chronic chorioamnionitis; VUE, villitis of unknown etiology; ACA, amniotic fluid infection/inflammation; MVU, maternal vascular
underperfusion; FVTOD, fetal vascular thrombo-occlusive disease; SD, standard deviation.

*n<.05.

Table 4. Placental histology associated with any stage ROP and type 1 ROP

Placental No ROP Any stage ROP Type 1 ROP

pathology Adjusted OR (95% Cl) p-value? Adjusted OR (95% Cl) p-value? Adjusted OR (95% Cl) p-value?
CPI 1.008 (0.492-2.068) .982 1.647 (0.702-3.992) 246 2.739 (1.112-6.749) .029*
ACA 0.811 (0.429-1.940) 811 1.267 (0.531-3.023) 594 0.833 (0.319-2.173) .708
MVU 0.630 (0.315-1.261) .630 2.036 (0.865-4.792) 108 0.570 (0.211-1.539) 267
FVTOD 0.815 (0.298-2.226) .690 1.080 (0.360-3.240) 126 0.424 (0.141-1.272) 126

Chronic placental inflammation was statistically associated with type 1 ROP by multiple logistic regression analysis.

ROP, retinopathy of prematurity; OR, odds ratio; Cl, confidence interval; CPI, chronic placental inflammation; ACA, amniotic fluid infection/inflammation; MVU,
maternal vascular underperfusion; FVTOD, fetal vascular thrombo-occlusive disease.

*n<.05.

#Adjusted for gestational age, birth weight, sex, duration of oxygen treatment, pre-eclampsia, IUGE and the overlapping placental pathology.

DISCUSSION

Table 4 compares the placental pathological findings in terms
of their effect on any stage ROP and type 1 ROP. Multiple logistic

regression analysis adjusted for GA, birth weight, sex, incidence
of preeclampsia and IUGR, duration of oxygen supply, and
overlapping placental pathology was performed. CPI was found
to be independently associated with type 1 ROP (adjusted OR,
2.739;95% CI, 1.112 t0 6.749; p = .029). ACA was significantly
associated with type 1 ROP in the univariate analysis, but not with
type 1 ROP after adjustment analysis. Any stage ROP was not
significantly associated with any placental finding after adjustment
analysis.

http://jpatholtm.org/

Many investigators have studied the relationship between pla-
cental lesions in VLBW infants and clinical complications be-
cause examinations frequently provide information valuable for
the management of neonates.”"® For example, the presence of
acute chotioamnionitis and funisitis indicates in utero fetal systemic
inflammation as a consequence of ACA.' In this study, we showed
a significant correlation between CPI and severe ROP that re-
quired laser photocoagulation (type 1 ROP) in VLBW infants
for the first time.

A prominent cause of visual impairment and blindness in chil-

dren, ROP is a developmental perturbation of the retina.”'""®

https://doi.org/10.4132/jptm.2018.07.09



The structural characteristics of ROP include the initial cessation
of retinal vascularization and subsequent proliferation of retinal
vessels.'”"” ROP is caused by impaired autoregulation of the ret-
inal blood vessels and sudden postnatal oxygen tension. Retinal
neovascularization in ROP cases involves angiogenic factors such
as VEGF in preterm infants and VLBW infants.”* Recent studies
have reported that lower GA, lower birth weight, and excessive
oxygen exposure are major risk factors for ROP.*** Other studies
demonstrated that both antenatal and neonatal exposures to in-
flammation are consistently associated with an increased risk of
ROP as well as cerebral white matter damage and BPD in preterm
infants.”**” The formation of new blood vessels from existing
vessels, angiogenesis, is affected not only by normal physiological
growth, bur also by pathological events such as inflammation.***
Inflammation is a host defense mechanism serving to protect
tissues from infection and injury, and studies have shown that pro-
inflammatory cytokines such as tumor necrosis factor o and IL-1
function as proangiogenic factors.”***

Although oxygen supply is far better managed by using non-
invasive ventilators today, ROP remains a major issue because
survival rates of infants with extremely low GA and birth weight
and immature retinas at high risk of ROP have substantially
increased. The lack of in utero angiogenic factors such as VEGE,
IGF-1, and erythropoietin significantly increases the risk of
ROP.* Omega long-chain polyunsaturated fatty acids, which
are provided by maternal and fetal interaction, are also important
for retinal development.”** Therefore, the risk of ROP may
increase in cases of intrauterine insufficiency of angiogenic factors
in infants with lower GA and birth weight.

It has been recently proposed that idiopathic CPI is a feature of
maternal antifetal rejection mimicking allograft rejection.'” The
placenta and fetus are semiallografts to the mother, and fetal (pa-
ternal) human leukocyte antigen-specific antibodies are detected
in the sera of subsets of pregnant women.*'> CPI is characterized
by the infiltration of maternal CD8" T cells into fetal placental
tissues and associated with the overexpression of C-X-C-motif
chemokines such as CXCL9, CXCL10, and CXCL11 in placental
tissues.*"? Also a marker of CPI coupled with maternal-fetal re-

34 elevation of CXCL10 level has been shown to occur in

jection,
the event of rejection of allografts such as the liver and kidneys.”
The findings in this study suggest that CPI may be at least
partially responsible for the increased incidence of severe ROP
that required laser photocoagulation after adjustment for GA,
birth weight, sex, duration of oxygen supply, and other ovetlap-
ping placental pathologies. We did not adjust for BPD because

the condition is a confounding variable overlapping with the

https://doi.org/10.4132/jptm.2018.07.09
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duration of oxygen supply. The association between CPI and se-
vere ROP suggests that maternal-fetal rejection associated with
increased fetal plasma antiangiogenic CXCL10 level contributes
to abnormal angiogenesis of the retina in VLBW infants. A rela-
tionship between the subtypes of ROP and the intrauterine envi-
ronment that triggers preterm birth also has been proposed.™
Likewise, acute chotioamnionitis may increase the risk of ROP
by directly sensitizing the developing retina to oxygen-induced
changes in VEGF availability and subsequent vascular devel-
opment or by causing systemic hypotension resulting in retinal
hypoperfusion or ischemia.*”*

Decreased production of placental growth factors (PGF), 45-
to 50-kDa dimeric glycoproteins with 53% sequence homology
with VEGE, plays a key role in placental angiogenesis.””*" PGF
may have therapeutic potential in cases of disorders associated
with problems of angiogenesis such as cancer, retinopathy, and
certain inflammatory disorders.” This is another piece of evidence
indicating the importance of placenta-derived growth factors for
developmental angiogenesis. Therefore, it is plausible that CPI-
mediating antiangiogenic effects lead to deregulated angiogenesis
of ROP in VLBW infants.

There are some limitations of our study. First, it was a retro-
spective study of a relatively small number of inborn infants at
a single hospital; thus, the findings might not extrapolate to a
larger population. Second, multiple pathological diagnoses were
given in some cases, which can interfere with the strength of the
association. Third, in the association between CPI and type 1
ROP, we had a wide confidence interval (1.112—6.749) because
many factors may play a contributory role in ROP development.
Despite these limitations, this study demonstrates an association
between CPI and severe ROP in VLBW infants. Future studies
that examine the direct causality of CPI in the development of
retinal damage and ROP are needed.

In conclusion, the pathological findings of the placenta are
important in predicting the outcomes of preterm infants and
VLBW infants. This study shows for the first time that CPI may
affect the development of type 1 ROP requiring treatment of
laser photocoagulation in VLBW infants.
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