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Objective Neonatal sepsis has been established as a risk factor for retinopathy of
prematurity (ROP) but previous meta-analyses have predominately focused on late-
onset sepsis (LOS). This meta-analysis aims to explore the association between early-
onset sepsis (EOS) and the risk of ROP.

Study Design Observational studies reporting (unadjusted) data on proven EOS in
neonates with ROP were included. PubMed, Embase, and Cochrane Library were
searched. Proven EOS was defined as a positive blood or cerebrospinal fluid culture.
Effect sizes were calculated by using logistic random-effects models and meta-
regression analyses. Primary outcomes were any stage ROP and severe ROP (>stage
3, type |, aggressive [posterior] ROP, plus disease or requiring treatment). Potential
confounders explored were gestational age at birth, birth weight, small for gestational
age, maternal steroid use, necrotizing enterocolitis, LOS, and mechanical ventilation
duration.

Results Seventeen studies reporting the incidence of proven EOS in neonates with
ROP were included. Proven EOS showed no significant association with any stage ROP
(odds ratio [OR]=1.90; 95% confidence interval [Cl]: 0.96-3.79, p=0.067) but
heterogeneity between studies was significantly high. Neonates with proven EOS
had an increased risk for severe ROP (OR =2.21; 95% Cl: 1.68-2.90), and no significant
confounders influencing this effect size were found in the meta-regression analysis.
Conclusion Neonates with proven EOS are at increased risk of severe ROP. Neo-
natologists need to be aware that EQS is an early predictor of ROP and should adapt
their policy and treatment decisions where possible to reduce ROP.
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Key Points

» This meta-analysis reveals a 2.2-fold increased risk of severe ROP in neonates with proven EOS.
* Future studies should distinguish between EOS and LOS when investigating risk factors of ROP.
» Treatment decisions should be adapted where possible in neonates with EOS before ROP screening begins.

Retinopathy of prematurity (ROP) is a multifactorial retinal
disorder affecting 10 to 25% of neonates born under 32 weeks
of gestation and continues to be the leading cause of visual
impairment and childhood blindness worldwide."? Even
though the majority of ROP cases are mild and usually self-
limiting, advances in neonatal care and lowering the age limit
of neonatal intensive care treatment have led to increased
survival of extremely premature infants at risk of (severe)
ROP3* Hence, accurate screening and timely detection and
treatment of ROP are crucial in preventing progression to
severe visual impairment and blindness.

Neonatal sepsis is an independent risk factor for ROP and
is therefore included in the Dutch ROP screening criteria.>®
The mechanism behind this association is believed to be due
to cytokine and angiogenesis factor production.””® Sepsis
releases inflammatory mediators that increase hypoxia-in-
ducible factor (HIF-1a) concentrations, which may exacer-
bate phase II of ROP.>'® Additionally, sepsis induces an
oxidative stress response that elevates vascular endothelial
growth factor-2 (VEGF-2) levels, which may also initiate
phase 11 of ROP.'™'? Furthermore, perinatal infection can
lead to decreased insulin-like growth factor-1 (IGF-1) levels,
which promotes phase I of ROP.'?

The onset of sepsis may be a valuable tool in understand-
ing the pathophysiology behind the first phase of ROP. Early-
onset sepsis (EOS) is acquired through vertical transmission
in the first 72 hours of life, while late-onset sepsis (LOS) is
acquired through hospital and community environmental
microorganisms beyond the first 72 hours of life and occurs
more often.'®'> Since studies have shown that placental
inflammation/infection through vertical transmission leads
to an increased risk of ROP, it may be beneficial to investigate
the independent effect of EOS on ROP.'®1”

To date, meta-analyses on the association between sepsis
and ROP have predominately focused on LOS and not on EOS.
Extra awareness for ROP risk factors shortly after birth can
provide the opportunity to tailor neonatal treatment deci-
sions in phase I of ROP well before the first ROP screening is
performed. Hence, we performed a systematic review and
meta-analysis to investigate the association between EOS
and the risk of ROP development to fill in the knowledge gap
and potentially identify high-risk infants in an earlier stage.

Materials and Methods

Sources

This systematic review was conducted according to PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
analyses) guidelines and is registered in PROSPERO (identifier:
CRD42022380411; = Supplementary Material S1 [available in

American Journal of Perinatology © 2024. The Author(s).

the online version]).'® The online electronic databases PubMed,
Embase, and Cochrane Library were searched up until Febru-
ary 2024 using combinations of the following keywords: “Placen-
ta,” “Sepsis,” “Risk Factors,” AND “Retinopathy of Prematurity.”
Additionally, various synonyms were added as Medical Subject
Headings (MESH) terms and free-text words.

Study Selection

Eligibility was assessed through title and abstract screening
with subsequent full-text evaluation when included. Studies
were eligible for inclusion when (unadjusted) data were
reported on the association between EOS and ROP. Studies
were excluded when no distinction was made between EOS
and LOS and when EOS was diagnosed based on clinical
symptoms alone. Further exclusion criteria were case
reports, case series, reviews, editorials, unavailable full
text, animal studies, and when the study population con-
sisted entirely of multiple pregnancies due to its confounding
effect.'® Eligibility was independently identified by three
reviewers (S.E., L.E.M., and N.E.S-D.) and discrepancies were
resolved through discussion.

The primary outcomes were any stage ROP and severe ROP
(i.e., >stage 3, type I, aggressive [posterior]| ROP, plus disease
or requiring treatment). Due to their known potential con-
founding effect on ROP, the following clinical data were
explored: gestational age (GA) at birth (weeks), birth weight
(BW; g), small for gestational age (SGA; BW <10th centile),
maternal steroid use, necrotizing enterocolitis (any stage),
LOS (suspected/proven), and mechanical ventilation (days).”
Proven EOS was defined as positive blood or cerebrospinal
fluid culture in the first 72 hours after birth.?® Neonates with
EOS were compared with neonates without EOS for both any
stage and severe ROP. Potential confounders were compared
between any stage ROP and no ROP, and between severe ROP
and no/mild ROP.

Quality Assessment

The quality assessment was performed using the Newcastle-
Ottawa Scale for case-control and cohort studies.?’ Three
study aspects were assessed: selection (0-4 points), compa-
rability (0-2 points), and exposure/outcome (0-3 points).
Scoring was based on the association between EOS and ROP
as the primary outcome and comparability scoring was
based on adjustment for GA and an additional potential
confounder reported in our study.

Statistical Analysis

Statistical analyses were performed using RStudio, version
4.2.1 (RStudio, PBC, Boston, MA) with the metafor package
and were assisted by a statistician (JJ.G).?? Data are



presented using n/N (%) and odds ratio (OR) with 95%
confidence interval (CI). Reported unadjusted 2 x 2 table
data were used to recalculate ORs and 95% CIs per study.
These data were combined by using logistic random-effects
models due to anticipated heterogeneity. Q-statistics were
calculated to evaluate heterogeneity between studies, and I-
statistics were calculated to observe total variation between
studies due to heterogeneity beyond chance. p-Values <0.05
were determined as statistically significant. Publication bias
was estimated through funnel plots, failsafe numbers, and
trim-and-fill functions.

To explain observed heterogeneity, the mean/median
difference for continuous variables and incidence (%) differ-
ence for dichotomous variables were calculated between any
stage and no ROP, and severe and no/mild ROP. To include
more studies (N) in the meta-regression analysis, no distinc-
tion was made between median and mean for continuous
variables. Univariate meta-regression models were per-
formed to identify variables that potentially influence the
effect size of proven EOS on ROP. The Bonferroni correction
for multiple comparisons was used to account for multiple
testing, in which a p-value of 0.05/number of included
variables was considered statistically significant.

Subsequently, multivariate meta-regression analysis was
performed using significant variables found in univariate
analysis. Since GA and BW are highly correlated and adjusting
for both variables in multivariate analysis will cause multi-
collinearity, only one variable should be included in multi-
variate analysis when both variables are significant,
preferably with SGA. Data are presented using -coefficient
with 95% CI, which signifies a higher association between
proven EOS and ROP in studies with large between-group
differences in potential confounders when positive and
lower when negative.

Results

The search strategy yielded 9,722 articles. After excluding
duplicates, 6,192 titles and abstracts were screened. A total
of 5,821 articles were excluded after a primary assessment
based on inclusion and exclusion criteria. After a full-text
assessment of the remaining 371 articles, 17 studies were
included (~Fig. 1).

Quality Analysis

Quality assessment is shown in =Table 1. Ten studies were
categorized as high quality (8-9 points), while the remaining
seven studies received moderate quality scores (6-7 points).
Points were mainly lost due to the absence of confounder
adjustment or the presence of multicollinearity due to
adjusting for both GA and BW. The revisited International
Classification of ROP was used for ROP classification in all
included studies.?3

Early-onset Sepsis and Any Stage Retinopathy of
Prematurity

Ten studies assessed the presence of proven EOS in neonates
with any stage ROP compared with neonates without ROP,

EOS as an Early Predictor of ROP  El Emrani et al.

with sample sizes ranging from 74 to 14,008
(=Supplementary Table S1 [available in the online
version]).24-33

Proven EOS showed no association with any stage ROP
(OR=1.90; 95% CI: 0.96-3.79, p=0.0665; ~Fig. 2). Signifi-
cantly high heterogeneity was observed (Q = 55.2, I> = 83.7%,
p <0.0001). Neither visual inspection and trim-and-fill
number (n=0) of the funnel plot, nor the failsafe number
(n=77, Kendall'st=-0.02, p=1.0) showed indication of
publication bias (=Supplementary Fig. S1 [available in the
online version]).

Secondary analyses were performed to explore the found
heterogeneity. Univariate meta-regression analysis was used
to analyze the possible influence of these variables as
moderators on the effect size of proven EOS on any stage
ROP (=Table 2). Two factors were found to be significant
moderators (number of studies: 3-8): GA difference (B-
coefficient =1.5; 95% CI: 0.6-2.3, p=0.0005) and mechanical
ventilation duration difference (B-coefficient —0.4; 95% CI:
—0.6 to —0.2, p=0.0002) between any stage ROP group and
no ROP group. Multivariate meta-regression analysis was not
possible due to a low number of studies reporting both GA
difference and mechanical ventilation duration difference
(N<4).

Early-onset Sepsis and Severe Retinopathy of
Prematurity

Eleven studies assessed the presence of proven EOS in neo-
nates with severe ROP compared with neonates with no/mild
ROP, with sample sizes ranging from 46 to 43,178
(=Supplementary Table S2 [available in the online
version]).2>?7=2934-40 proven EOS was detected twice as
frequently in neonates with severe ROP compared with
neonates with no/mild ROP (OR=2.21; 95% CI: 1.68-2.90,
p <0.0001; ~Fig. 3). Moderate heterogeneity was observed
(Q=14.8, I?’=32.4%, p=0.1). Neither visual inspection and
trim-and-fill number (n=1) of the funnel plot, nor the
failsafe number (n=191, Kendall’s t=0.02, p =1.0) showed
indication of publication bias (=Supplementary Fig. S2
[available in the online version]).

In univariate meta-regression analysis (=Table 3), no
factors were found to be significant moderators for the
association between proven EOS and severe ROP (number
of studies: 3-6).

Discussion

This is the first meta-analysis investigating the effect of EOS
on ROP, which shows that neonates with EOS have a 2.2-fold
increased risk of severe ROP. These findings are based on
neonates with proven EOS (i.e., positive blood or cerebrospi-
nal fluid culture), which ensured high validity and robust
evidence. Furthermore, no significant heterogeneity was
observed between studies, and no significant confounders
influencing this effect size were found in meta-regression
analysis.

The underlying pathophysiological mechanism behind
the increased ROP risk in neonates with EOS is yet to be

American Journal of Perinatology © 2024. The Author(s).
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[ Identification of studies via databases and registers ]

Records identified from:
PubMed (n = 3,550)

Records removed before
screening:

Embase (n = 5,500)
Cochrane library (n = 672)

Identification

Records screened on

Duplicate records removed
(n=3,530)

Records excluded

title and abstract
(n=6,192)

Reports sought for retrieval

(n=5,821)

Reports not retrieved

(n = 371)

Screening

Reports assessed for

(n=22)

Reports excluded (n = 332):
-No distinction between EOS
and LOS (n = 286)

eligibility
(n = 349)

Studies included in review
and meta-analysis
(n=17)

Included

» -Suspected EOS (n = 19)
-LOS (n=13)

-Outcomes unreported (n = 13)
-Similar cohort used (n = 1)

Fig. 1 PRISMA flowchart of study inclusion. EOS, early-onset sepsis; LOS, late-onset sepsis. PRISMA, Preferred Reporting Items for Systematic

Reviews and Meta-analyses.

resolved but is believed to be due to the stimulating effect of
EOS on inflammatory mediators.*' Perinatal infection leads
to decreased IGF-1 levels, which promotes phase I of
ROP.'%1342 projnflammatory cytokines such as interleu-
kin-1p and tumor necrosis factor-a increase HIF-1a levels.”
The HIF-1a pathway regulates VEGF-2 production and in-
creased HIF-1a levels may, therefore, exacerbate phase II of
ROP.*3 Furthermore, severe ROP has been found to be related
to increased cytokine levels in the first 72 hours of life.#4*

These pathophysiological pathways are similar in neo-
nates with histological chorioamnionitis, which is an acute
maternal inflammatory response in the placental mem-
branes mainly due to ascending microorganisms.*®4” This
maternal response can be accompanied by funisitis, which is
the fetal inflammatory response in the umbilical cord vessels.
Our previous meta-analysis has shown that neonates with
placental inflammation have an increased risk for ROP and

American Journal of Perinatology © 2024. The Author(s).

that this risk is greater when inflammation is present in the
umbilical cord (funisitis).'"® EOS is also acquired through
vertical transmission and can develop intrauterine as a
consequence of placental inflammation.

Besides placental inflammation, LOS has also been found
to increase the risk of ROP.*3° LOS is hospital- and commu-
nity-acquired beyond the first 72 hours of life and can induce
an oxidative stress response, which promotes vascular en-
dothelial cell proliferation and migration through VEGF-2.""
Elevated VEGF-2 levels, in response to hypoxia, cause neo-
vascular proliferation and may therefore initiate phase II of
ROP." In our meta-regression analysis, LOS did not appear to
influence the effect size between EOS and severe ROP.
Multiple hits of antenatal/postnatal inflammation have
been reported to increase the risk of ROP.>%! Remarkably,
a recent review by Dammann and Stansfield has provided
evidence that neonatal sepsis is a causal initiator of ROP and
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Table 1 Quality assessment of included studies

First author (y)

Klinger, 201034
Chen, 2011%*
Silveira, 20112°
Jimenez, 2012%°

Mularoni, 20143>

Fonseca, 2018%7

Goldstein, 201936

Jiang, 201928

Celik, 202137

Nordberg, 2021%°

Abdel Salam Gomaa, 202138
Carranza-Mendizabal, 202139
Bonafiglia, 20223'

Gudu, 20223

Duggan, 2023%°

Dincer, 202340

Boo, 202433

Selection
(max 4 points)

4

B N e I N I I N S N N S T > T S P N

Comparability Outcome
(max 2 points) (max 3 points)
2 3

1 3

0 3

1 3

1 2

2 3

1 3

1 3

0 3

0 3

0 3

1 3

1 3

0 3

2 3

0 3

2 3

that placental inflammation can be considered a causal
facilitator, which increases the likelihood of ROP.>’> Taken
together, neonates with EOS have an increased risk of ROP
and this risk is intensified when other inflammatory morbid-

ities are present.

A previous meta-analysis by Wang et al explored the
association between sepsis and ROP and also found that
sepsis was significantly associated with severe ROP (OR
=2.3).*8 However, no distinction was made between EOS
and LOS and most sepsis cases were LOS. Additionally, only

ROP No ROP
Author(s), Year EOS+ EOS- EOS+ EOS- Odds Ratio [95% CI]
Chen, 2010 3 290 329 7.94[0.41, 154.36]
Silveira, 2011 1 24 4 45 e | 0.47[0.05, 443]
Jimenez, 2012 21 36 22 38 i 1.01[0.48, 2.14]
Fonseca, 2017 1 99 4 219 — 0.55[0.06, 5.01]
Jiang, 2019 40 2342 123 11503 HlH 1.60[1.11, 2.29]
Nordberg, 2021 8 3 25 96 —— 10.24 [2.53, 41.44]
Carranza-Mendizaba, 2021 54 18 24 120 —— 15.00 [7.52, 29.92]
Bonafiglia, 2022 0 60 7 213 0.24[0.01, 4.18]
Gudu, 2022 74 22 21 35 —— 0.53[0.19, 1.45]
Boo, 2024 44 1641 117 8634 HEH 1.98[1.39, 2.81]
RE Model - 1.90[0.96, 3.79]
[ I T I 1
0.01 0.1 ;. 10 200
Odds Ratio (log scale)

Fig. 2 Forest plot of the association between proven EOS and any stage ROP. Heterogeneity: Q =55.2; I=83.7%; p < 0.0001. 95% Cl, 95%
confidence interval; EOS, early-onset sepsis; ROP, retinopathy of prematurity.
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prematurity

Table 2 Meta-regression regarding the influence of potential confounders on early-onset sepsis and any stage retinopathy of

Univariate N  Estimate SE Z-value p-Value  Cllower  Cl higher R* (%)  I* (%)
Gestational age at birth 7 1.4519 0.4199  3.4577 0.0005 0.6289 2.2749 84.99 42.21
Birth weight 7  0.0069 0.0076  0.9085 0.3636 —0.0080 0.0218 0.00 86.29
Small for gestational age 3 0.1313 0.0780  1.6834 0.0923 —0.0216  0.02841 100.00 0.00
Maternal steroids 7  0.0236 0.0418  0.5646 0.5723 —0.0583  0.1054 22.02 81.53
Necrotizing enterocolitis 7 —0.1196  0.0772 —1.5494  0.1213 —0.2708 0.0317 8.11 83.76
Late-onset sepsis 8 —0.0403 0.0306 —1.3179  0.1875 —0.1002  0.0196 0.00 84.27
Mechanical ventilation 3 —0.3959 0.1046  —3.7854  0.0002 —0.6009 —0.1909 100.00 0.00
Abbreviation: Cl, confidence interval.
Severe ROP No/mild ROP

Author(s), Year EOS+ EOS- EOS+ EOS- 0Odds Ratio [95% CI]

Klinger, 2009 34 755 197 11046 - 253[1.74, 3.66]

Silveira, 2011 1 7 4 62 2.21[0.22, 22.68]

Mularoni, 2014 5 31 212 10302 —— 7.84[3.02, 20.35]

Fonseca, 2017 0 29 5 289 0.89[0.05, 16.54]

Goldstein, 2019 51 1546 210 10447 HEH 1.64[1.20, 2.24]

Jiang, 2019 3 214 160 13631 —— 1.19[0.38, 3.77]

Celik, 2020 2 21 1 22 b ! 2.10[0.18, 24.87]

Nordberg, 2021 1 29 98 ———=  1352[1.45,125.73]

Abdel Salam Gomaa, 2021 11 5 16 18 b 248[0.71, 8.67]

Duggan, 2022 48 1745 566 40819 HEH 1.98[1.47, 2.67]

Dincer, 2023 6 20 24 164 H—— 2.05[0.75, 562]

RE Model - 221[1.68, 2.90]

[ I I T 1
0.01 0.1 1 2 10 200
Odds Ratio (log scale)

Fig. 3 Forest plot of the association between proven EOS and severe ROP. Heterogeneity: Q =14.8; I°=32.4%; p=0.1395. 95% Cl, 95%

confidence interval; EOS, early-onset sepsis; ROP, retinopathy of prematurity.

prematurity

Table 3 Meta-regression regarding the influence of potential confounders on early-onset sepsis and severe retinopathy of

Univariate

Gestational age at birth
Birth weight

Small for gestational age
Maternal steroids
Necrotizing enterocolitis

Late-onset sepsis

Mechanical ventilation

w UL A WO o =

Estimate
0.0193
—0.0001
0.0040
0.0202
—0.0248
—0.0194
—0.0128

SE Z-value
0.1427  0.1351
0.0011 —0.0664
0.0131 0.3059
0.0332  0.6089
0.0521 —0.4751
0.0315 —0.6155
0.0231 —0.5568

p-Value
0.8925
0.9470
0.7597
0.5426
0.6347
0.5383
0.5776

Cl lower
-0.2605

—0.0023
—0.0216
—0.0448
—0.1269
—0.0812
—0.0580

Cl higher  R* (%)
0.2990 0.00
0.0021 0.00
0.0216 0.00
0.0853 0.00
0.0774 0.00
0.0424 0.00
0.0323 0.00

P (%)
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Abbreviation: Cl, confidence interval.

American Journal of Perinatology © 2024. The Author(s).




six studies were included in the analysis of severe ROP
(defined as >stage 3). Furthermore, extracted outcome
data were based on adjusted ORs with most studies control-
ling for both GA and BW, which may have introduced multi-
collinearity and, thus, provided limited evidence.

Huang et al also performed a meta-analysis to identify the
impact of EOS and LOS on ROP and showed similar results for
severe ROP (OR =1.9).° Similar to our study, Huang et al
showed in subgroup analysis that EOS was significantly
associated with severe ROP (OR =2.5). However, it is impor-
tant to note that Huang et al only included two studies in this
analysis, which is insufficient to draw conclusions. Addition-
ally, extracted outcome data were again based on adjusted
ORs, and many studies adjusted for both GA and BW in
multivariate analysis. Our meta-analysis included a relative-
ly larger number of studies (n=10 any stage ROP, n=11
severe ROP) published between 2009 and 2024 and, thus,
provides stronger evidence.

Instead of exploring the overall effect of suspected/
proven EOS on ROP, our study only investigated the inde-
pendent effect of proven EOS on ROP to provide robust
results. Remarkably, studies have shown that over 95% of
neonates treated with antibiotics for suspected infection
ultimately do not have sepsis.'* Most studies do not distin-
guish between proven and suspected sepsis, even though it
leads to overestimating the effect of sepsis on ROP. Hence,
diagnosing EOS based on a positive blood or cerebrospinal
fluid culture is more reliable and should be implemented in
future studies.

Limitations

The main limitation of this study was the retrospective
designs of most included studies, which may have resulted
in information bias. Additionally, high heterogeneity was
present between included studies in the any stage ROP
group, which may have affected our results. Furthermore,
data on potential confounders in neonates with EOS were
limited and hampered multivariate meta-regression analy-
sis. Nevertheless, our meta-analysis provides an extensive
overview based on a relatively large number of studies
and is the first to explore the independent effect of proven
EOS on ROP. Additionally, we eliminated heterogeneity in
confounder adjustment by calculating unadjusted ORs from
2 x 2 tables reported in the included studies.

Conclusion

In conclusion, this meta-analysis introduces proven EOS as
an early risk factor for severe ROP. Future studies should
diagnose sepsis based on positive blood or cerebrospinal
fluid cultures and distinguish between proven EOS and LOS
to provide reliable and stronger evidence. Neonatologists
need to be aware that EOS is an early predictor of ROP that
should be taken into account in neonatal policies and treat-
ment decisions well before ROP screening begins.

EOS as an Early Predictor of ROP  El Emrani et al.

Funding

This study was funded by ODAS Foundation (grant no.:
2021-32327). ODAS Foundation had no role in the design
or conduct of the study.

Conflict of Interest
None declared.

References

1

N

w

(€]

[o)]

~

o]

o

Owen LA, Morrison MA, Hoffman RO, Yoder BA, DeAngelis MM.
Retinopathy of prematurity: a comprehensive risk analysis for
prevention and prediction of disease. PLoS ONE 2017;12(02):
e0171467

Hellstrom A, Smith LE, Dammann O. Retinopathy of prematurity.
Lancet 2013;382(9902):1445-1457

Tavassoli S, Wach R, Haynes R, Markham R, Williams C. Estimate of
incidence of ROP requiring treatment in extreme preterms and
impact on service-7 year review in tertiary unit. Eye (Lond) 2019;
33(05):845-849

Trzcionkowska K, Termote JU, Bohringer S, van Sorge A], Schalij-
Delfos N. Nationwide inventory on retinopathy of prematurity
screening in the Netherlands. Br ] Ophthalmol 2023;107(05):
712-716

Trzcionkowska K, Groenendaal F, Andriessen P, et al. Risk factors
for retinopathy of prematurity in the Netherlands: a comparison
of two cohorts. Neonatology 2021;118(04):462-469

van Sorge AJ, Schalij-Delfos NE, Kerkhoff FT, et al. Reduction in
screening for retinopathy of prematurity through risk factor
adjusted inclusion criteria. Br ] Ophthalmol 2013;97(09):
1143-1147

Tremblay S, Miloudi K, Chaychi S, et al. Systemic inflammation
perturbs developmental retinal angiogenesis and neuroretinal
function. Invest Ophthalmol Vis Sci 2013;54(13):8125-8139
Stalmans I. Role of the vascular endothelial growth factor iso-
forms in retinal angiogenesis and DiGeorge syndrome. Verh K
Acad Geneeskd Belg 2005;67(04):229-276

Hellwig-Biirgel T, Rutkowski K, Metzen E, Fandrey ], Jelkmann W.
Interleukin-1beta and tumor necrosis factor-alpha stimulate DNA
binding of hypoxia-inducible factor-1. Blood 1999;94(05):
1561-1567

McMahon S, Charbonneau M, Grandmont S, Richard DE, Dubois
CM. Transforming growth factor betal induces hypoxia-inducible
factor-1 stabilization through selective inhibition of PHD2 ex-
pression. ] Biol Chem 2006;281(34):24171-24181

Ushio-Fukai M. VEGF signaling through NADPH oxidase-derived
ROS. Antioxid Redox Signal 2007;9(06):731-739

Smith LE. Pathogenesis of retinopathy of prematurity. Growth
Horm IGF Res 2004;14(Suppl A):S140-S144

Woo SJ, Park KH, Jung HJ, et al. Effects of maternal and placental
inflammation on retinopathy of prematurity. Graefes Arch Clin
Exp Ophthalmol 2012;250(06):915-923

Bedford Russell AR, Kumar R. Early onset neonatal sepsis: diag-
nostic dilemmas and practical management. Arch Dis Child Fetal
Neonatal Ed 2015;100(04):F350-F354

Dong Y, Speer CP. Late-onset neonatal sepsis: recent develop-
ments. Arch Dis Child Fetal Neonatal Ed 2015;100(03):F257-F263
El Emrani S, Jansen EJS, Goeman JJ, et al. Histological chorioam-
nionitis and funisitis as new risk factors for retinopathy of
prematurity: a meta-analysis. Am | Perinatol 2024;41(S 01):
e3264-e3273

Villamor-Martinez E, Cavallaro G, Raffaeli G, et al. Chorioamnio-
nitis as a risk factor for retinopathy of prematurity: an updated
systematic review and meta-analysis. PLoS One 2018;13(10):
0205838

American Journal of Perinatology © 2024. The Author(s).



EOS as an Early Predictor of ROP

18

20

21

22

23

24

25

26

27

29

30

31

32

33

34

El Emrani et al.

Welch V, Petticrew M, Petkovic ], et al; PRISMA-Equity Bellagio
Group. Extending the PRISMA statement to equity-focused sys-
tematic reviews (PRISMA-E 2012): explanation and elaboration. ]
Clin Epidemiol 2016;70:68-89

Santana DS, Silveira C, Costa ML, et al; WHO Multi-Country
Survey on Maternal and Newborn Health Research Network.
Perinatal outcomes in twin pregnancies complicated by maternal
morbidity: evidence from the WHO Multicountry Survey on
Maternal and Newborn Health. BMC Pregnancy Childbirth
2018;18(01):449

Polin RACommittee on Fetus and Newborn. Management of
neonates with suspected or proven early-onset bacterial sepsis.
Pediatrics 2012;129(05):1006-1015

Wells GA, Shea B, O’Connell D, Peterson |, Welch V, Losos M. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of non-
randomized studies in meta-analyses. Accessed July 23, 2024 at:
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
Viechtbauer W. Conducting meta-analyses in R with the metafor
package. ] Stat Soft 2010;36(03):1-48. Accessed July 23, 2024 at:
https://www.jstatsoft.org/index.php/jss/article/view/v036i03
International Committee for the Classification of Retinopathy of
Prematurity. The International Classification of Retinopathy of
Prematurity revisited. Arch Ophthalmol 2005;123(07):991-999
Chen M, Citil A, McCabe F, et al. Infection, oxygen, and immaturi-
ty: interacting risk factors for retinopathy of prematurity. Neo-
natology 2011;99(02):125-132

Silveira RC, Fortes Filho |B, Procianoy RS. Assessment of the
contribution of cytokine plasma levels to detect retinopathy of
prematurity in very low birth weight infants. Invest Ophthalmol
Vis Sci 2011;52(03):1297-1301

Zamorano Jiménez CA, Salgado Valladares M, Velasquez Valassi B.
Factores de riesgo asociados a retinopatia del prematuro [Risk
factors associated to retinopathy of prematurity.]. Gac Med Mex
2012;148(01):19-25

Fonseca LT, Senna DC, Eckert GU, Silveira RC, Procianoy RS.
Association between human breast milk and retinopathy of
prematurity. Arq Bras Oftalmol 2018;81(02):102-109

Jiang S, Hong L, Gai J, et al; REIN-EPIQ Study Group. Early-onset
sepsis among preterm neonates in China, 2015 to 2018. Pediatr
Infect Dis ] 2019;38(12):1236-1241

Nordberg V, Iversen A, Tidell A, Ininbergs K, Giske CG, Navér L. A
decade of neonatal sepsis caused by gram-negative bacilli-a
retrospective matched cohort study. Eur J Clin Microbiol Infect
Dis 2021;40(09):1803-1813

Carranza-Mendizabal CS, Diaz-Manrique M, Ruiz Mamani PG,
White M, Huancahuire-Vega S. Incidence and risk factors associ-
ated with retinopathy of prematurity in Peru. Clin Ophthalmol
2021;15:2141-2148

Bonafiglia E, Gusson E, Longo R, et al. Early and late onset sepsis
and retinopathy of prematurity in a cohort of preterm infants. Sci
Rep 2022;12(01):11675

Gudu RK, Pathak M, Nayak MK, Panda SK. Risk factors of retinop-
athy of prematurity in very low-birth-weight neonates under
optimized oxygen therapy. Perinatology 2022;23(3-4):121-127
Boo NY, Ang EL, Ang EB. Retinopathy of prematurity in very low
birthweight neonates of gestation less than 32 weeks in Malaysia.
Indian ] Pediatr 2024 (e-pub ahead of print). Doi: 10.1007/
$12098-023-04997-9

Klinger G, Levy I, Sirota L, Boyko V, Lerner-Geva L, Reichman
Blsrael Neonatal Network. Outcome of early-onset sepsis in a

American Journal of Perinatology © 2024. The Author(s).

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

national cohort of very low birth weight infants. Pediatrics 2010;
125(04):e736-e740

Mularoni A, Madrid M, Azpeitia A, Valls i Soler A. The role of
coagulase-negative staphylococci in early onset sepsis in a large
European cohort of very low birth weight infants. Pediatr Infect
Dis ] 2014;33(05):e121-e125

Goldstein GP, Leonard SA, Kan P, Koo EB, Lee HC, Carmichael SL.
Prenatal and postnatal inflammation-related risk factors for
retinopathy of prematurity. ] Perinatol 2019;39(07):964-973
Celik K, Ekinci D, Asena M, Matur NO. Can hematological param-
eters be a indicator risk factor in the development of retinopathy
of prematurity? Klin Padiatr 2021;233(05):216-220

Abdel Salam Gomaa N, Helmy YAH, Maher S, et al. Clinical
characteristics of preterm neonates with aggressive posterior
retinopathy of prematurity. Clin Ophthalmol 2021;15:
2263-2277

Duggan HL, Chow SSW, Austin NC, Shah PS, Lui K, Tan KAustralian
and New Zealand Neonatal Network on behalf of the Australian
and New Zealand Neonatal Network. Early-onset sepsis in very
preterm neonates in Australia and New Zealand, 2007-2018. Arch
Dis Child Fetal Neonatal Ed 2023;108(01):31-37

Dincer E, Kizilay O, Celik G, Karatekin G. Retinopathy of prematu-
rity requiring treatment; incidence and risk factors in a tertiary
center. Zeynep Kamil Medical Journal. 2023;54(02):106-111
Hong HK, Lee HJ, Ko JH, et al. Neonatal systemic inflammation in
rats alters retinal vessel development and simulates pathologic
features of retinopathy of prematurity. ] Neuroinflammation
2014;11:87

Hellstrom A, Perruzzi C, Ju M, et al. Low IGF-I suppresses VEGF-
survival signaling in retinal endothelial cells: direct correlation
with clinical retinopathy of prematurity. Proc Natl Acad Sci U S A
2001;98(10):5804-5808

Fu Z, Nilsson AK, Hellstrom A, Smith LEH. Retinopathy of prema-
turity: metabolic risk factors. eLife 2022;11:e80550

Sood BG, Madan A, Saha S, et al; NICHD neonatal research
network. Perinatal systemic inflammatory response syndrome
and retinopathy of prematurity. Pediatr Res 2010;67(04):
394-400

Dammann O, Hartnett ME, Stahl A. Retinopathy of prematurity.
Dev Med Child Neurol 2023;65(05):625-631

Redline RW. Inflammatory response in acute chorioamnionitis.
Semin Fetal Neonatal Med 2012;17(01):20-25

Dammann O, Leviton A. Maternal intrauterine infection, cyto-
kines, and brain damage in the preterm newborn. Pediatr Res
1997;42(01):1-8

Wang X, Tang K, Chen L, Cheng S, Xu H. Association between sepsis
and retinopathy of prematurity: a systematic review and meta-
analysis. BM] Open 2019;9(05):e025440

Huang J, Tang Y, Zhu T, et al. Cumulative evidence for association
of sepsis and retinopathy of prematurity. Medicine (Baltimore)
2019;98(42):e17512

Dammann O, Brinkhaus M], Bartels DB, et al. Immaturity, perina-
tal inflammation, and retinopathy of prematurity: a multi-hit
hypothesis. Early Hum Dev 2009;85(05):325-329

Lee J, Dammann O. Perinatal infection, inflammation, and reti-
nopathy of prematurity. Semin Fetal Neonatal Med 2012;17(01):
26-29

Dammann O, Stansfield BK. Neonatal sepsis as a cause of retinop-
athy of prematurity: an etiological explanation. Prog Retin Eye Res
2024;98:101230


http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
https://www.jstatsoft.org/index.php/jss/article/view/v036i03

