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Abstract

Background: Recombinant human erythropoietin (rhEPO)
lost its role in minimizing red blood cell transfusion in very
preterm infants after it had been associated with severe
retinopathy of prematurity (ROP). Previous systematic re-
views did not stratify ROP by gestation and birth
weight (BW). Objectives: The aim of this study was to in-
vestigate the effect of early prophylactic rhEPO on ROP in a
stratified meta-analysis of randomized controlled trials
(RCTs). Methods: The databases EMBASE, MEDLINE, and the
Cochrane Central Register of Controlled Trials were searched
in January 2022 and complemented by citation searching.
RCTs comparing early rhEPO treatment with no treatment or
placebo were selected if they were published in a peer-
reviewed journal and reported ROP outcomes. Previously
unpublished data were requested from the study authors to
allow stratified analyses by gestational age (GA) and BW.
Data were extracted and analyzed using the standard
methods of the Cochrane Neonatal Review Group. Pre-
specified outcomes were “ROP stage >3" (primary out-
come) and “any ROP.” Results: Fourteen RCTs, comprising
2,040 infants of <29 weeks of GA, were included for meta-
analysis. Data syntheses showed no effects of rhEPO on ROP

stage >3 or on any ROP, neither in infants of <29 weeks GA,
nor in infants of <1,000 g BW, nor in any GA strata. The risk
ratio (95% confidence interval) for ROP stage >3 in infants of
<29 weeks of GA was 1.13 (0.84, 1.53), p = 0.41 (quality of
evidence: moderate). Conclusions: The present meta-
analysis detected no effects of early rhEPO on ROP in any
comparison, but most stratified analyses were limited by low
statistical power. © 2023 S. Karger AG, Basel

Introduction

Prevention and treatment of the anemia of prematurity
are major challenges in neonatal intensive care. Over the
past 30 years, clinical and translational research focused
on three major strategies to tackle this problem: (1) re-
duction of diagnostic blood loss, (2) appropriate triggers
for red blood cell (RBC) transfusion, and (3) supple-
mental treatment, in particular iron and recombinant
human erythropoietin (thEPO) [1]. Through the years,
intervention studies of rhEPO were analyzed in a series of
Cochrane reviews (2006-2020) [2-5]. Besides investi-
gating the efficacy of rhEPO in reducing RBC transfu-
sions (assessed by number or volume as well as donor
exposure), one major objective of these analyses was to
assess retinopathy of prematurity (ROP) as a secondary
outcome measure.
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This objective was justified by the biology of eryth-
ropoietin (EPO) and its receptor in the eye: during retinal
development, EPO contributes to normal angiogenesis
but may also lead to neovascularization and vascular
leakage under ischemic or hypoxic conditions [6]. Ret-
rospective cohort analyses suggested an association of
rhEPO and risk of ROP with (1) the length (as total of 6
weeks) and (2) late initiation of treatment (after 20 days of
age) [7, 8]. Both may have contributed to the concept of
distinguishing the effect of early versus late initiation of
rhEPO treatment in the series of Cochrane meta-analyses
[2-5]. Uncertainty evolved when the initial Cochrane
meta-analysis (2006) on early rhEPO use (initiation
before 8 days after birth), its update in 2012, and finally a
post hoc analysis in 2014, including all available studies
regardless of age at initiation of rhEPO, reported an
increased risk of ROP stage >3 [2, 3]. This led to the
authors’ conclusion that administration of rhEPO was
not recommended [3]. Subsequently, the European
Medicines Agency (EMA) and national regulatory au-
thorities issued warnings that an increased risk of ROP
due to rhEPO treatment could not be excluded. As
suggested by a recent survey in European neonatal care
units, these developments have caused a restrictive use of
rhEPO in clinical routine, even in units that previously
participated in randomized controlled trials (RCTs)
showing beneficial effects of rhEPO on anemia of
prematurity [9].

Subsequent updates of the Cochrane review published
in 2017 and 2020, however, found no association between
early rhEPO and the risk of ROP stage >3 [4, 5], in line
with systematic reviews by others [10, 11] and recent
RCTs [12, 13]. At first glance, the cumulative data appear
to provide sufficient evidence against the hypothesis that
treatment with rhEPO is associated with a risk of severe
(stage >3) or any ROP. Upon a closer view, however,
current analyses lack stratification of data on the inverse
correlation of ROP with gestational age (GA) and birth
weight (BW). In a recent study, the frequency of devel-
oping severe ROP in infants born at 24, 25, 26, 27, and
28 weeks was inversely correlated with 19.6%, 8.6%, 4.6%,
1.1%, and 0.8%, respectively [14]. Notably, the inclusion
criteria for most meta-analyses were prematurity (<32/
<37 weeks) and/or BW (<1,500 g/<2,500 g) [4, 5, 10, 11],
which may lead to false conclusions concerning infants
actually at risk.

To investigate whether in very preterm infants of
<29 9/, weeks of GA or in infants with a BW <1,000 g (P)
early administration of thEPO (I) versus placebo or no
treatment (C) increases the risk of ROP (stage >3 or any
stage) (O) and whether there are effects in specified GA
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groups, we performed a stratified meta-analysis using
previously unpublished data from RCTs. Thus, this meta-
analysis aimed to close a relevant gap in previous sys-
tematic reviews on the risk of ROP associated with early
initiated rhEPO treatment.

Methods

Criteria for Considering Studies for This Meta-Analysis

RCTs that investigated the effect of early prophylactic rhEPO in
preterm infants of <29 °/; weeks of GA and/or <1,000 g BW were
eligible. Treatment with rhEPO must have started before 8 days of
age, regardless of dose, duration, and route of application. Included
trials had to compare rhEPO administration with no treatment or
placebo and had to report “any ROP” or “severe ROP” (defined as
ROP stage >3) as outcomes. Only studies published in full in peer-
reviewed journals were accepted. No language restrictions applied.
The review protocol for the meta-analysis was registered on
February 26, 2019, at the PROSPERO international prospective
register of systematic reviews (registration CRD42019124053,
available at https://www.crd.york.ac.uk/prospero/display_record.
php?ID=CRD42019124053). A revised protocol was submitted on
February 24, 2023.

Types of Outcome Measures
The primary outcome was ROP stage >3. The incidence of any
ROP was investigated as a secondary outcome.

Search Methods for Identification of Studies

The literature search complied with the standard methods of
the Cochrane Collaboration [15]. Two authors (H.F. and C.D.)
independently searched the databases EMBASE, MEDLINE, and
the Cochrane Central Register of Controlled Trials (CENTRAL)
and searched for citations in the reference sections of previous
reviews and trials. The full search was last updated on January 06,
2022. The search strategy applied a variety of free-text and indexed
search terms to identify eligible RCTs (search concept [premature
infant OR retinopathy of prematurity] AND erythropoietin AND
randomized controlled trial). The detailed search strategy is
available online as Supplementary Information (for all online
suppl. material, see www.karger.com/doi/10.1159/000530126).

Assessment of Methodological Quality

As per protocol, risk of selection bias, performance bias, de-
tection bias, attrition bias, reporting bias, and other risks of bias
were assessed by two study authors (H.F. and N.R.) and classified
as low, high, or unclear risk. Any differences were resolved by a
third author (C.D.).

Data Collection and Analysis

Two study authors (H.F., C.D.) worked independently of each
other to select trials and extract data. At each stage, discrepancies
were resolved by a third author (C.B.). As per protocol, we
contacted the corresponding authors of all eligible RCTs to request
stratified data for infants of <24, 24, 25, 26, 27, and 28 weeks of GA
and for infants of <1,000 g BW. RevMan Version 5.4.1 and SPSS
version 29.0.0 (for Egger’s regression test) were used for data
analysis. The effects of thEPO on primary and secondary outcomes
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Fig. 1. Modified PRISMA 2020 flow diagram.

were calculated for infants <1,000 g BW, for infants of
<29 weeks of GA, and separately for all GA strata, using the
Mantel-Haenszel method for dichotomous outcomes in a
random-effects model. Results were reported as risk ratios and
95% confidence intervals and displayed as forest plots. Sta-
tistical significance was defined as p < 0.05. Heterogeneity was
estimated by using the x* test and the I?-value. To assess for
publication bias, the treatment effects of ThEPO were plotted
against standard error (log [odds ratio]) in funnel plots. The
following non-pre-specified methods and analyses were added
post hoc to enhance the understanding of the data: (1) Egger’s
regression test to assess for publication bias [16], (2) subgroup
analyses of infants with 23-26 weeks of GA and 27-28 weeks of
GA, (3) sensitivity analyses omitting all studies with a high risk
of bias in at least one domain, (4) certainty of evidence as-
sessment using the GRADE approach [17]. The meta-analysis
was reported in accordance with the PRISMA statement [18]
and accompanied by a PRISMA checklist.
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Results

The search identified 622 records of interest (PRISMA
flow diagram, Fig. 1). After screening titles and abstracts,
118 reports were retrieved for full-text assessments, in-
cluding 21 reports published in languages other than
English (Bulgarian, Chinese, French, Italian, Japanese,
Polish, Russian, Spanish, Turkish).

Excluded Studies

After the full-text assessments, 104 of 118 reports
were excluded (Fig. 1), including 3 RCTs that were
potentially eligible for our meta-analysis, but the study
authors either did not respond to our requests for
stratified data or the study data were not available

Fischer/Reibel/Biithrer/Dame

Color version available online

202 Jequiaidag Og Uo Jasn ulleg ulzipswsiensioniun - 9iueyd Aq jpd'9z10£5000/¥66+207/99G/5/02 L /4Ppd-8ole/0au/woo 1eb1ey//:diy wouy papeojumoq


https://doi.org/10.1159/000530126

Table 1. Characteristics of included studies

References Year n (all n (<29 GA, BW Time point of  Intervention Recruitment
infants) weeks) intervention
Fauchére 2008 45 8? 249/, 10 31%/,2 <3 h of age rhEPO 3,000 IU/kg IV at 3-6, 12-18, 2005-2006
et al. [19] any BW and 36-42 h after birth
Faucheére 2015 443 198 26 %/, to 31 ¢/, <3 h of age rhEPO 3,000 IU/kg IV at 3-6, 12-18, 2005-2012
et al. [20] any BW and 36-42 h after birth
Haiden 2005 40 36 <32 %/, 2nd day of life rhEPO 300 IU/kg/d IV with IV access, 2000-2002
et al. [21] <800 g followed by rhEPO 700 1U/kg SC 3%/
week, until discharge or 40 weeks
of PMA
Juul et al. [22] 2020 936 936 24 9/,-27 6/, <24 h of age rhEPO 1000 IU/kg IV every 48 h fora 2013-2016
any BW total of 6 doses, followed by

maintenance dose of 400 U/kg SC
3x/week, until 32 weeks of PMA

Maier et al. [23] 1994 241 71 Any GA, 3rd d of life rhEPO 250 1U/kg SC 3x/week, until 1991-1992
750-1,499 g day 42 (for a total of 17 doses)

Maier et al. [24] 2002 145 136 Any GA 3rd d of life rhEPO 250 IU/kg IV 3x/week as long 1998-1999
500-999 g as intravenous access was available;

thereafter, rhEPO 250 1U/kg SC, until
day 65-68 of life (only early rhEPO
and placebo groups included in
meta-analysis)
Ohls et al. [25] 2001 290 166 <32 %/,, 24-96 h of age rhEPO 400 IU/kg IV 3x/week (or SC 1997-1998
401-1,250 g when IV access was not available),
until discharge, transfer, death, or
35 weeks of PMA
Ohls et al. [26] 2013 102 50 Any GA <48 h of age rhEPO 400 1U/kg SC 3x/week until 2006-2010
500-1,250 g discharge, transfer to another
hospital, death, or 35 weeks PMA
(darbepoetin group not included in
meta-analysis)

Peltoniemi 2017 39 21 <30 9/, 1st d after birth rhEPO 250 IU/kg/d IV for 6 1998-2000
et al. [27] 700-1,500 g consecutive days

Sharafutdinova 2019 133 28 26 °/,-33 ©/,, Groups 1 and 2: Group 1: rhEPO 200 IU/kg SC 3x/ 2017-2019
et al. [28] <1,500 g 3rd day of life  week, for 6 weeks

Group 2: rhEPO 400 IU/kg SC 3%/
week, for 6 weeks (only early rhEPO
and control groups included in
meta-analysis)

Song et al. [29] 2016 743 99 <32 %/,,any BW <72 h of age  rhEPO 500 IU/kg IV every other day, 2009-2013
for 2 weeks
Wang et al. [30] 2020 1,285 308 <32 %/,,any BW <72 hofage  rhEPO 500 IU/kg IV every other day, 2014-2017
for 2 weeks
Yang et al. [31] 2018 81 31 <329/, <72 h of age  rhEPO 500 IU/kg IV every other day, 2016-2017
<1,500 g for 2 weeks
Yeo et al. [32] 2001 100 42 <329/, 5th day of life  rhEPO 250 IU/kg SC 3x/week, until 1997-2000
<1,500 g day 40

BW, birth weight; GA, gestational age; IV, intravenous(ly); IU, international units; PMA, postmenstrual age; rhEPO, recombinant
human erythropoietin; SC, subcutaneous(ly). 2From the 2008 study, we reported only on infants born at < 26 weeks of GA as infants
of >26 weeks of GA were included in the 2015 study.

anymore. All reports and the respective reasons for Included Studies

exclusion are detailed in online supplementary Table 1 shows the characteristics of the 14 RCTs in-
Table 1. cluded in our meta-analysis [19-32]. Although prophylactic
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intravenous or subcutaneous rhEPO treatment started
within the first week of life in all included RCTs, the exact
timing, dosing, and duration of rhEPO varied consid-
erably. While one study group applied early high-dose
rhEPO within the first 42 h only [19, 20], other RCTs
applied lower initial rhEPO doses in combination with a
more sustained treatment lasting for several weeks.

Risk of Bias in the Included Studies

Selection bias: As shown in online supplementary
Figure 1, random sequence generation and allocation
concealment were sometimes incompletely reported
(unclear risk). Two studies lacked allocation concealment
(high risk) [30, 31] Performance bias: In 6 RCTs, parents
and personnel were unblinded to the study intervention
(high risk) [21, 28-32]. Detection bias: The ophthal-
mologists performing the ROP assessments were not
blinded in 4 RCTs (high risk) [21, 30-32]. Attrition bias:
Discrepancies in follow-up between rhEPO and control
groups with regard to the ROP screening were detected in
one study (unclear risk) [19]. Reporting bias: Most RCT's
did not have their study protocols registered or were only
registered after enrollment of the patients (unclear risk).
One study was registered 6 months after enrollment was
completed, and there was a discrepancy between the
primary outcomes registered and those reported in the
publication (high risk) [29]. A detailed documentation of
the risk of bias assessment is available online (online
suppl. Table 2).

Visual inspection of the respective funnel plots of the
effects of rhEPO on ROP stage >3 or on any ROP in
preterm infants of <29 weeks of GA or <1,000 g BW did
not reveal significant asymmetries in the distribution of
effect sizes around the mean, indicating a low risk of
publication bias (online suppl. Fig. 2-5). Egger’s re-
gression testing confirmed the visual assessments: The
respective coefficients of the intercept were close to zero,
and p values ranged between 0.27 and 0.99 (online suppl.
Table 3).

Effects of Intervention

The summary of findings for the main comparisons
and their GRADE assessment are shown in Table 2
(corresponding forest plots: Fig. 2, 3). rhEpo had no
effects on ROP stage >3 in preterm infants of <29 weeks
of GA (P = 0.41) or in preterm infants <1,000 g BW
(P = 0.20). Because criteria for optimal information size
were not met, the certainty of evidence was downgraded
for imprecision (quality of evidence: moderate). rhEPO
had no effects on any ROP in preterm infants of
<29 weeks of GA (P = 0.41) or in preterm infants <1,000 g
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BW (P = 0.51), quality of evidence: high. Table 3 sum-
marizes the ROP data stratified by GA (corresponding
forest plots: online Suppl. Fig. 6-9). We detected no effect
of thEPO on ROP stage >3 or any ROP in any of the
gestational strata. Overall, statistical measures did not
indicate heterogeneity, with an I>-value of 0% in all main
analyses (Fig. 2, 3) and a maximum I*-value of 28% in the
stratified analyses (online suppl. Fig. 6-9). The x* test for
heterogeneity ranged between P = 0.22 and P = 0.97.
Sensitivity analyses omitting studies with a high risk of
bias yielded results similar to those based on the primary
analyses (online suppl. Fig. 10, 11).

Discussion

For the first time, this meta-analysis reports the effect
of early rhEPO treatment on the risk of ROP, stratified by
GA or BW. This approach considers a priori (i) the
inverse correlation of ROP with GA (<29 weeks) [14, 33,
34], (ii) the inverse correlation with BW (<1,000 g), and
(iii) early initiation of rhEPO (<8 days after birth), im-
plying that rhEPO treatment covers both phase 1 (ces-
sation of retinal vessel formation and maturation) and
phase 2 (neovascularization) of ROP when given for
6 weeks or longer [7, 8]. By considering previously un-
published stratified data from 14 RCTs, this meta-analysis
complements recent systematic reviews by others [5, 10,
11, 13].

Quality of Evidence

The included RCTs differed in quality. While three
studies featured a low risk of bias in all domains [20, 22,
26], six studies were considered to harbor a high risk of
bias in up to three domains (online suppl. Fig. 1) [21,
28-32]. The issue was addressed by sensitivity analyses,
omitting the latter studies (online suppl. Fig. 10, 11).
Because the results of the sensitivity analyses were similar
or near-identical to the main analyses, we did not
downgrade the certainty of evidence for risk of bias.

There were some concerns about unpublished data as
52 rhEPO studies (mostly conducted before 2000) were
excluded because they did not report any ROP data.
However, funnel plots and Egger’s regression test were
not indicative of publication bias (online suppl. Fig. 2-5;
online suppl. Table 3).

Effects of rhEPO on ROP

Our meta-analysis did not detect any association be-
tween rhEPO and ROP in any analysis, but the certainty
of this evidence depended on each analysis’ sample size
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Table 3. Stratified data per week of GA for the outcomes ROP stage >3 and any ROP

ROP >3 Any ROP

GA, weeks  studies infants (%) RR [95% Cl] studies  infants (%) RR [95% Cl]

23 4 3/17 (18) 4.17 [0.25-68.16] 4 9/17 (53) 1.07 [0.52-2.18]
24 7 55/257 (21) 1.22 [0.70-2.13] 7 211/257 (82) 1.01 [0.93-1.11]
25 10 44/318 (14) 1.13 [0.54-2.36] 11 210/321 (65) 1.05 [0.91-1.21]
26 11 24/394 (6) 1.41 [0.67-2.69] 12 201/398 (51) 1.08 [0.92-1.27]
27 12 21/529 (4) 0.94 [0.41-2.16] 12 156/529 (29) 0.95 [0.74-1.22]
28 11 15/503 (3) 0.95 [0.33-2.73] 11 78/487 (16) 0.75 [0.49-1.14]
23-26° 12 126/986 (13)  1.14 [0.76-1.70] 13 631/993 (64) 1.04 [0.96-1.13]
27-282 12 36/1,032 (3) 0.83 [0.41-1.68] 12 234/1,016 (23)  0.88 [0.71-1.08]

Cl, confidence interval; GA, gestational age; ROP, retinopathy of prematurity; RR, risk ratio. The number of
studies contributing data; the number and percentage of infants with ROP >3 (left) or any ROP (right); RR to
develop ROP >3 (left) or any ROP (right) when comparing rhEPO and control groups. Exploratory analyses.

and event rate. Consequently, optimal information size
for the primary outcome ROP stage >3 was not reached,
and the quality of evidence downgraded to moderate,
whereas the quality of evidence was high for the outcome
“any ROP” (Table 2). Analyses in the gestational strata
were mostly less informative with wide CIs due to limited
sample size (Table 3). The wide publication period of the
included RCTs (1994-2020) may explain a higher inci-
dence of ROP stage >3 in some gestational strata in
comparison to some but not all recent study populations
[12, 14, 34]. This may reflect improved neonatal intensive
care since the inverse correlation between ROP and GA
was maintained [33, 34], whereas the lack of any asso-
ciation between rhEPO treatment and ROP was found in
all strata.

The results of the present meta-analysis should be
embedded in the context of previous work. In 2014, the
authors of the Cochrane meta-analysis performed a post
hoc analysis including all studies that reported on ROP
stage >3 including early and late initiation of treatment,
and there was an increased risk of ROP in the rhEPO
group [3, 35]. Subsequently, Fang et al. [10] and Chou
et al. [11] could not replicate this association in their
meta-analyses on the effect of early or late thEPO on
ROP. Finally, the most recent Cochrane meta-analysis on
early thEPO (2020) investigated the risk of ROP (“all
stages or stage not reported”) and the risk of ROP stage
>3, which included eight out of the 14 RCTs in our meta-
analysis [20, 21, 23-27, 29]. There was no effect of rhEPO,
neither on any ROP nor on ROP stage >3 [5]. In com-
parison to these four meta-analyses [3, 5, 11, 13], our
meta-analysis not only included subsequently published
RCTs [22, 28, 30, 31] but also benefited from direct
communication with the corresponding authors. This

572 Neonatology 2023;120:566-576
DOI: 10.1159/000530126

allowed us to clarify questions of study design, to prevent
overlaps in study populations, and to get further stratified
data [19-32].

It should be noted that the authors of three included
RCTs separately analyzed their data on ROP [22, 29, 30].
While the Preterm Erythropoietin Neuroprotection
(PENUT) trial exclusively assessed infants with <1,000 g
BW and <28 weeks of GA [12], the combined analysis of
two RCTs from Zhengzhou University, China, also ex-
amined the effect of early rhEPO treatment on the risk of
ROP stratified by GA (28-29 ¢/, weeks vs. 30-31 °/,
weeks) or BW (1,000 g to 1,499 g vs. 21,500 g). Although
this analysis is beyond our objective, it seems worth
noting that early rhEPO treatment significantly reduced
the risk of ROP stage 2 in infants with 28-29 ¢/, weeks of
GA and a BW of 1,000-1,499 g [13].

Implications of the Meta-Analysis

To our knowledge, the present meta-analysis appears
to be the most comprehensive systemic review of the
effect of rhEPO on ROP in very preterm infants pub-
lished so far. The use of previously unpublished strat-
ified data from RCTs allowed us to focus on preterm
infants at high risk of ROP. As the meta-analysis did
not indicate any association between rhEPO and ROP
stage >3 or any ROP, this should have implications on
the status of rhEPO in neonatology: First, it is time to
withdraw warnings on the use of rhEPO in preterm
infants. Second, early initiation, volume, and fre-
quency of RBC transfusions are major risk factors for
severe ROP and a poor neurodevelopmental outcome at
2 years of age [12, 36-38]. The significant reduction in
multiple measures of rhEPO efficacy found by others
(less transfused infants, less RBC transfusions, lower
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ROP stage >3

rhEPO Control Risk ratio Risk ratio
Study or subgroup events total events total Weight, % M-H, random, 95% Cl| M-H, random, 95% Cl|
Fauchere JC 2008 0 6 0 2 Not estimable
Fauchere JC 2015 1 103 3 95 1.8 0.31[0.03,2.91]
Haiden N 2005 1 17 0 19 0.9 3.33[0.14, 76.75]
Juul SE 2020 41 424 36 421 49.0 1.13[0.74, 1.73] |
Maier RF 1994 0 37 0 34 Not estimable
Maier RF 2002 12 70 5 66 9.2 2.26 [0.84, 6.08] 7 "
Ohls RK 2001 14 82 10 84 15.8 1.43 [0.68, 3.04] -
Ohls RK 2013 2 24 4 26 35 0.54 [0.11, 2.69] T
Sharafutdinova DR 2019 1 20 0 8 09 1.29 [0.06, 28.65]
Song J 2016 2 44 6 55 37 0.42[0.09, 1.96] i
Wang Y 2020 8 167 5 141 7.5 1.35[0.45, 4.04] -
Yang SS 2016 1 16 1 15 1.2 0.94 [0.06, 13.68]
Yeo CL 2001 4 23 5 19 6.6 0.66 [0.21, 2.12] T
Total (95% CI) 1033 985 1000 113 (084, 153] 2 3
Total events 87 75
Heterogeneity: T = 0.00; x? = 7.37, df = 10 (p = 0.69); /> = 0% T T T 1
Test for overall effect: Z = 0.82 (p = 0.41) 001 01 ! 10 100
a Favors rhEPO Favors control

Any ROP

rhEPO Control Risk ratio Risk ratio
Study or subgroup events total events total Weight, % M-H, random, 95% CI M-H, random, 95% Cl|
Fauchere JC 2008 0 6 1 2 0.1 0.14 [0.01, 2.60]
Fauchere JC 2015 14 103 15 95 1.7 0.86 [0.44, 1.69] T
Haiden N 2005 3 17 2 19 03 1.68 [0.32, 8.86] i
Juul SE 2020 245 424 258 421 61.3 0.94 [0.84, 1.05] .
Maier RF 1994 10 37 10 34 14 0.92 [0.44, 1.93] T
Maier RF 2002 39 70 37 66 85 0.99 [0.74, 1.34] -
Ohls RK 2001 58 82 56 84 18.0 1.06 [0.86, 1.30] *
Ohls RK 2013 1 24 11 26 19 1.08 [0.58, 2.02] T
Peltoniemi OM 2017 3 13 4 9 0.5 0.52 [0.15, 1.78] I
Sharafutdinova DR 2019 10 20 4 8 1.1 1.00 [0.44, 2.27]
Song J 2016 13 44 17 55 2.1 0.96 [0.52, 1.75] 1
Wang Y 2020 13 167 11 141 13 1.00 [0.46, 2.16]
Yeo CL 2001 10 23 10 19 19 0.83 [0.44, 1.55] T
Total (95% Cl) 1,030 979 100.0 0.96 [0.88, 1.05] ‘
Total events 429 436
Heterogeneity: T = 0.00; x* = 4.62, df = 12 (p = 0.97); I* = 0% T T T 1
Test for overall effect: Z = 0.82 (p = 0.41) 0.01 0.1 1 10 100
b Favors rhEPO Favors control

Fig. 2. Effects of rhEPO on the number of infants with ROP stage >3 (a) and any ROP (b), in infants of <29 %/, weeks of GA.

transfusion volume) underlines potential benefits of
rhEPO treatment [5, 13, 38]. Nevertheless, the most
recent Cochrane meta-analysis (2020) recommended
against thEPO because of limited benefits as the number
of transfusion per infant was only minimally reduced
and the number of donors to whom transfused infants
were exposed was not significantly reduced [5]. This
interpretation of the data may not be universal, how-
ever, as these two measures depend on local transfusion

Effect of Early Erythropoietin on
Retinopathy of Prematurity

policies (e.g., transfusion thresholds, volume per
transfusion, use of satellite bags, storage time). Future
research should focus on strategies optimizing the use of
rhEPO or its analogues (e.g., darbepoetin) for patient
blood management. This applies especially to dosage,
frequency, and route of administration in preterm
newborn infants, taking into consideration the specific
pharmacokinetics of this group of patients [39]. Fur-
thermore, appropriate iron supplementation should go
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ROP stage 23

rhEPO Control Risk ratio Risk ratio
Study or subgroup events total events total Weight, % M-H, random, 95% Cl M-H, random, 95% Cl|
Fauchere JC 2008 0 6 0 2 Not estimable
Faucheére JC 2015 2 85 2 72 25 0.85[0.12, 5.86]
Haiden N 2005 1 20 0 19 0.9 2.86[0.12, 66.11]
Juul SE 2020 41 347 35 358 50.8 1.21[0.79, 1.85] _._
Maier RF 1994 0 27 0 24 Not estimable
Maier RF 2002 12 74 5 71 9.4 2.30[0.85, 6.20] T "
Ohls RK 2001 13 66 9 63 153 1.38 [0.63, 3.00] .
Ohls RK 2013 1 18 4 17 2.1 0.24 [0.03, 1.91]
Sharafutdinova DR 2019 1 28 0 14 0.9 1.55[0.07, 35.83]
Song J 2016 1 6 3 11 2.2 0.61[0.08, 4.67] -
Wang Y 2020 4 29 4 35 55 1.21[0.33, 4.41] -
Yang SS 2016 1 2 1 2 24 1.00 [0.14, 7.10]
Yeo CL 2001 5 21 5 20 79 0.95[0.32, 2.80] -1
Total (95% Cl) 729 708 100.0 1.22 [0.90, 1.65] ’
Total events 82 68
Heterogeneity: T2 = 0.00; x> = 5.18, df = 10 (p = 0.88); I = 0% T T T 1

0.01 0.1 1 10 100
Test for overall effect: Z = 1.28 (p = 0.20)
a Favors rhEPO Favors control
Any ROP
rhEPO Control . ) . .
Risk ratio Risk ratio
Study or subgroup events total events total Weight, % M-H, random, 95% CI M-H, random, 95% Cl
Fauchere JC 2008 0 6 1 2 0.1 0.14 [0.01, 2.60]
Fauchere JC 2015 16 85 12 72 14 1.13[0.57, 2.23] -
Haiden N 2005 3 20 2 19 0.2 1.43[0.27, 7.61] - 1
Juul SE 2020 225 347 240 358 58.7 0.97 [0.87, 1.08]
Maier RF 1994 6 27 8 24 0.8 0.67 [0.27, 1.65]
Maier RF 2002 42 74 38 71 7.6 1.06 [0.79, 1.42]
Ohls RK 2001 54 66 52 63 25.6 0.99[0.84, 1.16]
Ohls RK 2013 7 18 9 17 1.2 0.73[0.35, 1.53] - 1
Sharafutdinova DR 2019 10 28 6 14 1.1 0.83[0.38, 1.82] D
Song J 2016 2 6 4 11 03 0.92[0.23, 3.63] - 1T
Wang Y 2020 8 29 9 35 1.0 1.07 [0.47, 2.42] - I
Yeo CL 2001 10 21 1 20 18 0.87 [0.48, 1.58] 1
Total (95% Cl) 727 706 100.0 0.97 [0.90, 1.06] ‘
Total events 383 392
Heterogeneity: T = 0.00; x* = 4.07, df = 11 (p = 0.97); I* = 0% I T T 1
0.01 0.1 1 10 100

Test for overall effect: Z = 0.66 (p = 0.51)
b Favors rhEPO Favors control

Fig. 3. Effects of rhEPO on the number of infants with ROP stage >3 (a) and any ROP (b), in infants with a BW <1,000 g.

alongside rhEPO administration. Finally, the question
of using rhEPO after an early RBC transfusion should be
addressed.

Third, other outcome measures of early rhEPO should
also be considered. Although the most recent Cochrane
analysis argues in favor of rhEPO based on reduced risks
of intraventricular hemorrhage, periventricular leuko-
malacia, and necrotizing enterocolitis [5], data from
subsequent studies including the PENUT [12, 22] trial are
required to confirm such effects.
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Limitations

Despite its unique concept and the implementation of
previously unpublished stratified data, this meta-analysis
was limited by the risk of imprecision. Aiming at an alpha
of 0.05 and a power of 0.8 to detect a relative risk re-
duction or relative risk increase of 25%, the primary
outcome and most stratified analyses failed to achieve
optimal information size due to limited sample size and
event rate. Therefore, the risk of committing a type II
error was high in gestational strata with small sample

Fischer/Reibel/Biithrer/Dame

Color version available online

202 Joquisldas Og UO Jasn ulieg UiZIpoWSIENsIaAIUN - 91UeYD Aq Jpd-9z10£S000/766¥207/99S/S/0Z LAPd-oNE/08U /W00 18B1BSY/:d)Y WOl papeojumoq


https://doi.org/10.1159/000530126

sizes, and the wide confidence interval in these analyses
indicates the lack of power to exclude the possibility of
appreciable harm. Small risks of publication bias or
other bias in individual RCTs were minor issues, as
already discussed above. Moreover, the design of the 14
RCTs included in this meta-analysis varied signifi-
cantly, in particular concerning (1) timing, (2) dosing,
(3) route of application, and (4) duration of rhEPO
treatment (Table 1). The lack of any photographic
documentation of the retinal vascularization could be
another issue in almost all studies because it does not
allow assessing and grading of the findings by inde-
pendent investigators [40].

Conclusion

In conclusion, this stratified meta-analysis found no
association between early prophylactic rhEPO treatment
and ROP stage >3 (quality of evidence: moderate) or any
ROP (quality of evidence: high) in infants of <29 weeks of
GA or in infants with <1,000 g BW, even though these
infants are at high risk of developing ROP. Besides, we
detected no effects of thEPO in any of the gestational
strata, but most of these stratified analyses were not
powered to exclude significant effects.
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