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Effect of mesenchymal stem cell treatment on retinopathy of
prematurity in patients with bronchopulmonary dysplasia:
experience of a tertiary center
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ABSTRACT

Background. Retinopathy of prematurity (ROP) and bronchopulmonary dysplasia (BPD) share overlapping
mechanisms involving oxidative stress, inflammation, and aberrant angiogenesis. Mesenchymal stem cell (MSC)
therapy has shown promise in the treatment of BPD through paracrine modulation and anti-inflammatory
effects, but its influence on retinal vascular development remains uncertain.

Case Presentation. This retrospective case series included five extremely low birth weight (ELBW) infants
(<1000 g) who received allogeneic umbilical cord—derived MSC therapy for severe BPD between October
2021 and May 2023. Each infant received intravenous (2 x 10° cells/kg) and intratracheal (1 x 107 cells/kg) MSC
administration in a single session. ROP screening and treatment were conducted in accordance with national
guidelines. Clinical data and ocular outcomes were analyzed descriptively.

Conclusions. The mean gestational age was 26%/; weeks (range, 25-28%/7) and the mean birth weight was 810 g
(580-1060 g). MSC therapy was given between postnatal days 36-126 (mean, 74 days). No systemic or ocular
complications occurred during hospitalization or follow-up. One infant had no ROP, one developed Type 2 ROP
with spontaneous regression, and three developed Type 1 ROP requiring intravitreal bevacizumab. All treated
cases achieved complete regression after a single intravitreal bevacizumab injection, without recurrence, repeat
injection, or need for laser therapy. MSC therapy appeared clinically safe in ELBW infants with BPD, with no
adverse ocular effects. However, ROP developed in most infants despite MSC treatment, suggesting that MSCs
do not prevent disease onset. The potential modulatory role of MSCs on retinal angiogenesis warrants further
investigation through larger, controlled trials.
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Retinopathy of prematurity (ROP) is a major
cause of childhood blindness worldwide

intravitreal anti-vascular endothelial growth
factor (VEGF) injections.>® Bronchopulmonary

and remains a significant challenge among
surviving preterm infants despite major
advances in neonatal care. The global pooled
prevalence of ROP has been reported as 31.9%,
with severe ROP accounting for 7.5% (6.5-8.7%)
over the past four decades.! Standard treatment
options include laser photocoagulation and

dysplasia (BPD) and ROP share common
pathogenic pathways, including inflammation,
oxidative stress, and dysregulated
neovascularization.*® Both disorders involve
aberrant vascular development in the retina
and lungs. Although preventive agents such
as glucocorticoids, vitamin A, and -caffeine

B<  Esen Cakmak-Cengiz = esnnn_ckmk@hotmail.com

Received 31st Aug 2025, revised 9th Nov 2025, 5th Dec 2025, 5th Feb 2026, accepted 9th Feb 2026.

Copyright © 2026 The Author(s). This is an open access article distributed under the Creative Commons Attribution License (CC BY),
which permits unrestricted use, distribution, and reproduction in any medium or format, provided the original work is properly cited.

The Turkish Journal of Pediatrics * March-April 2026 345


https://doi.org/10.24953/turkjpediatr
https://orcid.org/0000-0003-2798-1163
https://orcid.org/0000-0002-7955-5943
https://orcid.org/0000-0003-4014-6234
https://creativecommons.org/licenses/by/4.0/

Cakmak-Cengiz E, et al

have demonstrated benefits in BPD, their long-
term efficacy is limited, and adverse effects are
considerable.”™ In recent years, mesenchymal
stem cell (MSC) therapy has emerged as a
promising intervention for neonatal diseases,
including hypoxic-ischemic encephalopathy
and BPD."* Evidence from preclinical and
clinical studies suggests that the therapeutic
benefits of MSCs are primarily mediated
through paracrine signaling and exosome
release, rather than direct engraftment.'*
MSC-derived secretomes contain bioactive
molecules such as VEGF, insulin-like growth
factor 1 (IGF-1), transforming growth factor
beta (TGF-{3), fibroblast growth factor (FGF),
and interleukin-10, which together modulate
angiogenesis, apoptosis, and inflammation."
Given these multifaceted effects, MSC therapy
for BPD could theoretically influence retinal
vascularization and ROP development either
beneficially or adversely. However, no clinical
data currently evaluate the ocular outcomes
of MSC therapy in extremely low birth weight
(ELBW) preterm infants.

Our study reports on the ROP course in five
preterm infants who received MSC therapy for
BPD and discusses whether MSC administration
may affect ROP progression.

Case Presentation

Patient selection

Our study was approved by the Ondokuz Mayis
University local ethics committee (approval
number  B.30.2.0DM.0.20.08/407-549)  and
conducted in accordance with the Declaration
of Helsinki. Clinical data were retrospectively
reviewed. Informed consent for participation
was obtained from the child’s legal parent
or guardian. Between October 2021 and May
2023, 52 of the 1,500 infants treated in the
neonatal intensive care unit (3.47%) were
diagnosed with BPD. BPD diagnosis was
established according to the Jensen criteria.”
Five preterm infants (9.6%) were treated with
MSCs for BPD. Demographic and clinical
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characteristics —including gestational age, birth
weight, ventilation mode, fraction of inspired
oxygen (FiO,), and postnatal support type were
recorded.

Clinical protocols

Standard BPD management in our unit
included mechanical ventilation, systemic low-
dose dexamethasone, and caffeine therapy
(maintenance dose 5 mg/kg/day), which was
initiated on the 28th postnatal day while
the infants were still receiving ventilatory
support. A second corticosteroid course was
administered if extubation failed after the first
course. ROP screening was performed by an
experienced ophthalmologist according to the
guidelines of the Turkish Neonatal Society and
the Turkish Ophthalmology Association.'® The
first examination was performed by indirect
ophthalmoscopy between 4 and 6 weeks after
birth. The ophthalmologic findings determined
examination intervals. All infants were re-
examined before MSC transfer, and ROP
treatment, if needed, was performed by a retina
specialist using intravitreal bevacizumab (IVB)
(0.25 mg/0.01 mL).

MSC therapy protocol

Allogeneic umbilical cord tissue-derived MSCs
were prepared in an accredited laboratory and
delivered under sterile conditions. Each infant
received MSCs intravenously (2 x 10¢ cells/kg)
and intratracheally (1 x 107 cells/kg) during the
same session. Infants were closely monitored for
hemodynamic instability, desaturation, or other
adverse events. Weekly laboratory evaluations
continued until discharge and during follow-
up visits to detect potential complications. After
discharge, all infants were followed monthly
at the neonatal outpatient clinic for at least
six months. The retina specialist maintained
ophthalmologic follow-ups.

The mean birth weight was 810 g (range,
580-1060 g), and the mean gestational age
was 262/; weeks (range, 25-28%/; weeks). MSC
therapy was administered between postnatal
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days 36 and 126 (mean, 74 days). Clinical
characteristics are summarized in Table I. No
systemic complications were observed during
hospitalization or during the six-month post-
discharge follow-up.

One infant received MSC therapy at 38
weeks postmenstrual age (PMA); retinal
vascularization was in Zone 2 without any

MSC Treatment and ROP in BPD: Tertiary Center Data

ROP signs. No ROP developed, and complete
vascularization was achieved at 68 weeks PMA.

Another infant received MSC therapy at 43
weeks PMA, with preexisting Zone 2 Type 2
ROP. ROP regressed spontaneously after MSC
therapy, and complete vascularization occurred
at 85 weeks PMA.

Table I. Clinical characteristics of infants receiving mesenchymal stem cell therapy.

Parameter Infant I Infant II Infant IIT Infant IV Infant V
Antenatal condition Preeclampsia Preeclampsia PPROM Oligohydramnios IVF triplet
pregnancy
Gestational age (weeks)  26%/7 259/, 264/ 251/, 283/,
Sex Female Male Female Female Male
Birth weight (g) 750 740 920 580 1060
Delivery mode Cesarean Cesarean Vaginal Cesarean Cesarean
Postnatal clinical data RDS, LOS RDS, LOS, RDS, LOS, RDS, Surgical RDS, LOS,
Surgical PDA  PDA, Grade II PDA ligation, Pneumothorax
ligation IVH Osteopenia of
prematurity
Systemic corticosteroid 2 courses 2 courses 2 courses 2 courses 2 courses
therapy for BPD
Postnatal day at MSC 69 126 36 90 49
administration
Postmenstrual age at MSC 312/, 430/, 320/, 38%/7 354/7
administration (weeks)
Respiratory status at MSC Mechanical =~ Mechanical Mechanical High-frequency = Mechanical
transfer ventilation ventilation ventilation oscillation (HFO) ventilation
(PSV) (FiO,  (PSV) (FiO, (PSV) (FiO, (FiO, 50%) (PSV) (FiO;
45%) 45%) 45%) 45%)
Days from MSC transfer to 25 3 13 47 25
extubation
Length of hospital stay 145 190 81 185 118
(days)
Postmenstrual age at 46%/; 520/, 38/, 514/, 540/,
discharge (weeks)
Discharge weight (g) 3160 3800 2400 2990 2010
Respiratory support at CPAP for21  CPAP Low-flow Low-flow oxygen Low-flow
home days oxygen oxygen
Time to discontinue 3.5 months 2 months 40 weeks 4 months 5 months

supplemental oxygen
(chronological age)

BPD: Bronchopulmonary Dysplasia, CPAP — Continuous Positive Airway Pressure, FiO; : fraction of inspired oxygen; HFO:
High-Frequency Oscillation, IVH: Intraventricular Hemorrhage, IVF: In Vitro Fertilization, LOS: Late-Onset Sepsis, MSC:
Mesenchymal Stem Cell, PDA: Patent Ductus Arteriosus;; PSV: Pressure support ventilation, RDS: Respiratory Distress

Syndrome.
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Three infants developed Type 1 ROP after MSC
therapy. In these cases, retinal vascularization
was in Zone 1 prior to MSC administration. A
single IVB injection induced rapid regression of
ROP without complications, repeat injections,
or laser photocoagulation. During long-term
follow-up, complete vascularization in Zone
3 was achieved in all cases. In summary, one
infant showed no ROP, one had spontaneously
regressed Type 2 ROP, and three developed
Type 1 ROP that regressed after a single anti-
VEGF treatment. The detailed course of ROP
examinations is shown in Table II.

Discussion

In our case series, we investigated the
progression of ROP in 10 eyes of five infants
following MSC treatment BPD. The coexistence

of BPD and ROP is well documented in many
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studies, and this association is largely attributed
to their overlapping risk profiles, as ELBW
infants born at very early gestational ages
are at the highest risk for both conditions.*?#
Infants with BPD experience more hypoxemic/
hyperoxemic episodes, longer oxygen exposure,
and prolonged positive pressure ventilation
(PPV) and continuous positive airway pressure
(CPAP) use, all of which contribute to the
development and severity of ROP. Prolonged
PPV has been reported as an independent risk
factor for ROP, and prolonged CPAP has been
shown to predict severe or treatment-requiring
disease.?*

In our study, the average birth weight was
810 g and the gestational age was 26?/; weeks.
Remarkably, two infants (40%) did not require
ROP treatment, which may be interpreted as a
favorable outcome given the high baseline risk
of this population. Although MSC treatment

Table II. Course of retinopathy of prematurity (ROP) in infants receiving mesenchymal stem cell therapy.

Parameter Infant I Infant II Infant III Infant IV Infant V

First ROP examination 293/, 299/, 30%/7 29/, 32/,

(PMA, weeks)

Initial findings (both ~ Incomplete Incomplete Incomplete Incomplete Incomplete

eyes) vascularization vascularization vascularization vascularization vascularization
to Zone I to Zone 1 to Zone I to Zone I to Zone I

Maximum ROP stage  36°%/7 41/, 35%/7 - 373/,

(PMA, weeks)

Maximum stage (both ~ Aggressive Stage 2, Stage 2, No ROP Aggressive

eyes) posterior ROP  posterior Zone Il posterior Zone II posterior ROP
(Type 1) (Type2) (Type 1) (Type 1)

Plus disease Bilateral plus  Bilateral pre-  Bilateral plus - Bilateral plus

plus

Bevacizumab treatment 36°%/; - 35%/7 - 378/,

(PMA, weeks)

Outcome after Regression - Regression - Regression

Bevacizumab

Final ROP examination 82 85 99 68 79

(PMA, weeks)

Final retinal status Complete Complete Complete Complete Complete

vascularization vascularization

PMA at MSC 31%/, 439/,
administration (weeks)

vascularization vascularization vascularization
3147 3547 38%/;

MSC - Mesenchymal Stem Cell, PMA - Postmenstrual Age, ROP — Retinopathy of Prematurity.
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did not prevent ROP onset in all infants, it
did not appear to exacerbate progression. As
discussed in previous studies, the underlying
pathophysiology of both BPD and ROP
involves dysregulation of angiogenic factors
such as VEGF, IGF-1, and TGF-3.%2* The close
relationship between angiogenic pathways
in the developing lung and retina supports
the hypothesis that interventions that affect
pulmonary angiogenesis could simultaneously
influence retinal vascular development. Initially,
it was believed that MSCs repaired tissue by
engrafting into damaged sites."* However,
later studies demonstrated that their therapeutic
benefit primarily derives from paracrine
mechanisms, including immunomodulatory,
anti-inflammatory, antibacterial, antioxidative,
angiogenic, and regenerative effects.'* MSCs
have been successfully investigated in adult
retinal degenerative diseases such as age-related
macular degeneration, diabetic retinopathy,
and glaucoma. Experimental studies further
support their cytoprotective potential: Ezquer
et al. showed that intravitreal MSCs created a
cytoprotective microenvironment in diabetic
mouse retina.'® Noueihed et al. demonstrated
that MSCs reduced vaso-obliteration by 75%,
inhibited neovascularization, and migrated
toward avascular zones in a mouse model of
oxygen-induced retinopathy."® Similarly, Kim
et al. reported that human placental amniotic
membrane—derived MSCs secreted high levels
of TGF-{31, suppressing endothelial proliferation
and pathological neovascularization;
importantly, injected MSCs were shown to
migrate into the retina."

Consistent with these findings, in the present
study, four infants developed ROP, and
three progressed to aggressive posterior ROP
requiring treatment. One infant had Type 2
ROP that regressed spontaneously after MSC
transfer, and one infant did not develop ROP
at all. ROP regressed after a single IVB injection
in all treated infants, and vascularization was
completed without recurrence during follow-
up. The rapid regression after anti-VEGF
may indicate that the bioactive molecules
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released by MSCs did not induce aberrant
neovascularization and may even have
contributed to stabilization of the retinal
vasculature. Importantly, MSC administration
did not elicit an inflammatory ocular response
in any case.

When these results are compared with national
and international data, our findings appear
promising. In a meta-analysis by Ramaswamy
et al., the incidence of ROP and ROP requiring
treatment was 49% and 18%, respectively.” In
a multicenter study from Tiirkiye, these rates
were higher: 68% and 26%."” In two separate
studies from our NICU, in 2013 and 2022, the
incidence of ROP in infants <1000 g was 70.7%
and 81%, respectively, and the incidence of
ROP requiring treatment was 30.2% and 23.9%,
respectively.®* In our series, only two of five
infants (40%) did not require ROP treatment
despite ELBW and BPD. However, this rate
does not appear to be lower than that reported
in previous studies. Therefore, the potential
contribution of MSC treatment to systemic
stability and retinal outcomes should be
carefully evaluated.

One critical consideration is the timing of MSC
administration. Phase II trials recommend
administering MSCs within 5-14 days to
prevent early pulmonary injury.” However,
legal requirements in Tiirkiye mandate that
infants remain dependent on mechanical
ventilation despite two courses of postnatal
steroids before MSC eligibility. Additionally,
parental  hesitation and  administrative
approval processes delayed treatment. As a
result, MSC infusion occurred at a median
of 74 days (range 36-126). Infants who later
required ROP treatment received MSCs earlier,
likely reflecting worse initial lung maturity.
It is possible that earlier MSC administration
could have contributed to earlier lung
stabilization and potentially mitigated ROP
progression. Nonetheless, early intervention
raises  theoretical concerns, particularly
because MSC-derived exosomes contain
VEGF and IGF-1, which might exacerbate
pathological retinal neovascularization similar
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to the increased ROP risk observed with
early recombinant erythropoietin therapy.”
Therefore, determining the optimal timing of
MSC administration remains a critical objective
for future research.

Despite limitations-including small sample
size, retrospective design,

timing of MSC administration, and relatively

heterogeneous

short follow-up—our study provides one
of the earliest clinical descriptions of retinal
outcomes following systemic MSC therapy
in ELBW infants. The absence of ocular or
systemic adverse events suggests that MSC
administration is clinically safe, but its
protective or therapeutic effect on ROP remains
uncertain.

Previous studies indicate that MSC therapy
can lessen the severity of BPD in very low birth
weight infants, yet its effect on ROP remains
unclear. These findings raise the possibility that
MSCs might influence ROP risk or contribute to
a more favorable disease trajectory. However,
larger studies are required to understand better
whether the timing of MSC administration—
early or delayed —has any meaningful impact
on ROP development or severity.

Ethical approval

The study was approved by Clinical
Research Ethics Commitee of the Ondokuz
Mayis University (date: 07.08.2024, number:
B.30.2.0DM.0.20.08/407-549).

Author contribution

The authors confirm contribution to the paper
as follows: Study conception and design:
CS, ECC; Data collection: ECC; analysis and
interpretation of results: CS, ECC, OEY; draft
manuscript preparation: CS, OEY. All authors
reviewed the results and approved the final
version of the manuscript.

350

Turk | Pediatr 2026; 68(2): 345-351

Source of funding

The authors declare the study received no
funding.

Conflict of interest

The authors declare that there is no conflict of
interest.

REFERENCES

1. Garcia H, Villasis-Keever MA, Zavala-Vargas G,
Bravo-Ortiz JC, Pérez-Méndez A, Escamilla-Ntnez
A. Global prevalence and severity of retinopathy
of prematurity over the last four decades (1985-
2021): a systematic review and meta-analysis. Arch
Med Res 2024; 55: 102967. https://doi.org/10.1016/;.
arcmed.2024.102967

2. Hartnett ME, Stahl A. Laser versus Anti-VEGF: a
paradigm shift for treatment-warranted retinopathy
of prematurity. Ophthalmol Ther 2023; 12: 2241-
2252. https://doi.org/10.1007/s40123-023-00744-7

3. Stahl A, Sukgen EA, Wu WC, et al. Effect of
intravitreal aflibercept vs laser photocoagulation on
treatment success of retinopathy of prematurity: the
FIREFLEYE randomized clinical trial. JAMA 2022;
328:348-359. https://doi.org/10.1001/jama.2022.10564

4. Stoll BJ, Hansen NI, Bell EF, et al. Neonatal outcomes
of extremely preterm infants from the NICHD
Neonatal Research Network. Pediatrics 2010; 126:
443-456. https://doi.org/10.1542/peds.2009-2959

5. Cai M, Zhang X, Li Y, Xu H. Toll-like receptor 3
activation drives the inflammatory response in
oxygen-induced retinopathy in rats. Br ] Ophthalmol
2015; 99: 125-132. https://doi.org/10.1136/
bjophthalmol-2014-305690

6. Smith LE. Pathogenesis of retinopathy of
prematurity. Semin Neonatol 2003; 8: 469-473.
https://doi.org/10.1016/S1084-2756(03)00119-2

7. Stark A, Dammann C, Nielsen HC, Volpe MV.
A Pathogenic relationship of bronchopulmonary
dysplasia and retinopathy of prematurity? a
review of angiogenic mediators in both diseases.
Front Pediatr 2018; 6: 125. https://doi.org/10.3389/
fped.2018.00125

8. Thébaud B, Abman SH. Bronchopulmonary
dysplasia: where have all the vessels gone? Roles of
angiogenic growth factors in chronic lung disease.
Am ] Respir Crit Care Med 2007; 175: 978-985.
https://doi.org/10.1164/rccm.200611-1660PP

The Turkish Journal of Pediatrics » March-April 2026


https://doi.org/10.1016/j.arcmed.2024.102967
https://doi.org/10.1016/j.arcmed.2024.102967
https://doi.org/10.1007/s40123-023-00744-7
https://doi.org/10.1001/jama.2022.10564
https://doi.org/10.1542/peds.2009-2959
https://doi.org/10.1136/bjophthalmol-2014-305690
https://doi.org/10.1136/bjophthalmol-2014-305690
https://doi.org/10.1016/S1084-2756(03)00119-2
https://doi.org/10.3389/fped.2018.00125
https://doi.org/10.3389/fped.2018.00125
https://doi.org/10.1164/rccm.200611-1660PP

Turk | Pediatr 2026; 68(2): 345-351

10.

11.

12.

13.

14.

15.

16.

17.

Halliday HL, Ehrenkranz RA, Doyle LW. Early (<
8 days) postnatal corticosteroids for preventing
chronic lung disease in preterm infants. Cochrane
Database Syst Rev 2010; undefined: CD001146.
https://doi.org/10.1002/14651858.CD001146.pub3

Darlow BA, Graham PJ, Rojas-Reyes MX. Vitamin
A supplementation to prevent mortality and
short- and long-term morbidity in very low birth
weight infants. Cochrane Database Syst Rev 2016;
2016: CD000501. https://doi.org/10.1002/14651858.
CD000501.pub4

Bruschettini M, Badura A, Romantsik O. Stem cell-
based interventions for the treatment of stroke in
newborn infants. Cochrane Database Syst Rev 2023;
11:  CDO015582. hittps://doi.org/10.1002/14651858.
CD015582.pub2

Ahn SY, Chang YS, Kim JH, Sung SI, Park WS.
Two-year follow-up outcomes of premature
infants enrolled in the phase i trial of mesenchymal
stem cells transplantation for bronchopulmonary
dysplasia. ] Pediatr 2017; 185: 49-54.e2. https://doi.
org/10.1016/j.jpeds.2017.02.061

Ahn SY, Chang YS, Lee MH, et al. Stem cells for
bronchopulmonary dysplasia in preterm infants:
a randomized controlled phase II trial. Stem
Cells Transl Med 2021; 10: 1129-1137. https://doi.
org/10.1002/sctm.20-0330

Kim KS, Park JM, Kong T, et al. Retinal
angiogenesis effects of TGF-f1 and paracrine
factors secreted from human placental stem
cells in response to a pathological environment.
Cell Transplant 2016; 25: 1145-1157. https://doi.
org/10.3727/096368915X688263

Noueihed B, Rivera JC, Chemtob S. Mesenchymal
stromal cells promote vascular regeneration and
modulate inflammation in a mouse model of
ischemic retinopathy. Invest Ophthalmol Vis Sci
2018; 59: 550.

Ezquer M, Urzua CA, Montecino S, Leal K,
Conget P, Ezquer F. Intravitreal administration of
multipotent mesenchymal stromal cells triggers a
cytoprotective microenvironment in the retina of
diabetic mice. Stem Cell Res Ther 2016; 7: 42. https://
doi.org/10.1186/s13287-016-0299-y

Jensen EA, Dysart K, Gantz MG, et al. The diagnosis
of bronchopulmonary dysplasia in very preterm
infants. An evidence-based approach. Am ] Respir
Crit Care Med 2019; 200: 751-759. https://doi.
org/10.1164/rccm.201812-23480C

The Turkish Journal of Pediatrics * March-April 2026

18.

19.

20.

21.

22.

23.

24.

25.

26.

MSC Treatment and ROP in BPD: Tertiary Center Data

Tiirk Neonatoloji Dernegi, Tiirk Oftalmoloji Dernegi.
Tiirkiye Prematiire Retinopatisi Rehberi 2021
Giincellemesi. Available at: https://neonatology.
org.tr/uploads/content/tan%C4%B1-tedavi/7.pdf
(Accessed on Nov 2021).

Bas AY, Demirel N, KocE, et al. Incidence, risk factors
and severity of retinopathy of prematurity in Turkey
(TR-ROP study): a prospective, multicentre study
in 69 neonatal intensive care units. Br ] Ophthalmol
2018; 102: 1711-1716.  https://doi.org/10.1136/
bjophthalmol-2017-311789

Yucel OE, Eraydin B, Niyaz L, Terzi O. Incidence
and risk factors for retinopathy of prematurity
in premature, extremely low birth weight and
extremely low gestational age infants. BMC
Ophthalmol 2022; 22: 367. https://doi.org/10.1186/
512886-022-02591-9

Yau GS, Lee JW, Tam VT, et al. Incidence and
risk factors of retinopathy of prematurity from
2 neonatal intensive care units in a Hong Kong
Chinese population. Asia Pac ] Ophthalmol
(Phila) 2016; 5: 185-191. https://doi.org/10.1097/
APO.0000000000000167

Wu T, Zhang L, Tong Y, Qu Y, Xia B, Mu D.
Retinopathy of prematurity among very low-birth-
weight infants in China: incidence and perinatal risk
factors. Invest Ophthalmol Vis Sci 2018; 59: 757-763.
https://doi.org/10.1167/iovs.17-23158

Perrone S, Manti S, Buttarelli L, et al. Vascular
endothelial growth factor as molecular target for
bronchopulmonary dysplasia prevention in very
low birth weight infants. Int ] Mol Sci 2023; 24: 2729.
https://doi.org/10.3390/ijms24032729

Ley D, Hallberg B, Hansen-Pupp I, et al. rhIGF-1/
rhIGFBP-3 in preterm infants: a phase 2 randomized
controlled trial. J Pediatr 2019; 206: 56-65.€8. https://
doi.org/10.1016/j.jpeds.2018.10.033

Ramaswamy VV, Abiramalatha T, Bandyopadhyay
T, et al. ELBW and ELGAN outcomes in developing
nations-systematic review and meta-analysis. PLoS
One 2021; 16: e0255352. https://doi.org/10.1371/
journal.pone.0255352

Demir S, Sayin O, Aygiin C, et al. Retinopathy of
prematurity in extremely low birth weight infants in
Turkey. J Pediatr Ophthalmol Strabismus 2013; 50:
229-233. https://doi.org/10.3928/01913913-20130319-
03

. Suk KK, DunbarJA, Liu A, et al. Human recombinant

erythropoietin and the incidence of retinopathy
of prematurity: a multiple regression model. ]
AAPOS 2008; 12: 233-238. https://doi.org/10.1016/j.
jaapos.2007.08.009

351


https://doi.org/10.1002/14651858.CD001146.pub3
https://doi.org/10.1002/14651858.CD000501.pub4
https://doi.org/10.1002/14651858.CD000501.pub4
https://doi.org/10.1002/14651858.CD015582.pub2
https://doi.org/10.1002/14651858.CD015582.pub2
https://doi.org/10.1016/j.jpeds.2017.02.061
https://doi.org/10.1016/j.jpeds.2017.02.061
https://doi.org/10.1002/sctm.20-0330
https://doi.org/10.1002/sctm.20-0330
https://doi.org/10.3727/096368915X688263
https://doi.org/10.3727/096368915X688263
https://doi.org/10.1186/s13287-016-0299-y
https://doi.org/10.1186/s13287-016-0299-y
https://doi.org/10.1164/rccm.201812-2348OC
https://doi.org/10.1164/rccm.201812-2348OC
https://neonatology.org.tr/uploads/content/tan%C4%B1-tedavi/7.pdf
https://neonatology.org.tr/uploads/content/tan%C4%B1-tedavi/7.pdf
https://doi.org/10.1136/bjophthalmol-2017-311789
https://doi.org/10.1136/bjophthalmol-2017-311789
https://doi.org/10.1186/s12886-022-02591-9
https://doi.org/10.1186/s12886-022-02591-9
https://doi.org/10.1097/APO.0000000000000167
https://doi.org/10.1097/APO.0000000000000167
https://doi.org/10.1167/iovs.17-23158
https://doi.org/10.3390/ijms24032729
https://doi.org/10.1016/j.jpeds.2018.10.033
https://doi.org/10.1016/j.jpeds.2018.10.033
https://doi.org/10.1371/journal.pone.0255352
https://doi.org/10.1371/journal.pone.0255352
https://doi.org/10.3928/01913913-20130319-03
https://doi.org/10.3928/01913913-20130319-03
https://doi.org/10.1016/j.jaapos.2007.08.009
https://doi.org/10.1016/j.jaapos.2007.08.009

	Effect of mesenchymal stem cell treatment on retinopathy of prematurity in patients with bronchopulmonary dysplasia: experience of a tertiary center
	Case Presentation
	Discussion
	Ethical approval
	Author contribution
	Source of funding
	Conflict of interest
	REFERENCES


