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ABSTRACT

Introduction:  Pleuro-amniotic shunting 
has been proposed for fetal pleural effusion, 
although its safety and efficacy remain uncer-
tain. Therefore, we aimed to evaluate the peri-
natal outcomes of the fetal therapy for isolated 
pleural effusion through a systematic review and 
single-arm meta-analysis.
Methods:  PubMed/MEDLINE, Embase, Scopus, 
and Cochrane Central were searched for stud-
ies reporting outcomes of fetuses undergoing 
pleuro-amniotic shunting for isolated pleural 
effusion. The primary outcomes were overall sur-
vival and resolution of fetal hydrops. Single-arm 

random-effects meta-analyses were performed 
to estimate pooled event rates with 95% confi-
dence intervals (CI).
Results:  Ten retrospective cohort studies com-
prising 416 fetuses treated with pleuro-amniotic 
shunting were included. The pooled overall 
survival rate was 65.36% (95% CI 59.46–70.83; 
I2 = 30.7%). Resolution of fetal hydrops occurred 
in 62.25% of cases (95% CI 54.27–69.62; I2 = 0%). 
A total of 62 catheter displacements were 
recorded, corresponding to a combined preva-
lence of 17.13% (95% CI 13.59–21.36). Overall, 
there were 155 preterm births, resulting in a 
pooled prevalence of 69.67% (95% CI 61.24–
76.95; I2 = 26.9%). Preterm premature rupture 
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of membranes (PPROM) prevalence was 17.65% 
(95% CI 7.78–35.28; I2 = 84.5%; p < 0.001).
Conclusion :   Pleuro-amniotic shunting 
achieves overall survival in approximately 
two-thirds of treated fetuses and resolving fetal 
hydrops in most cases. However, the proce-
dure may be associated with preterm birth and 
PROM, underscoring the need for multidiscipli-
nary perinatal management. Although the evi-
dence is limited, these findings support pleuro-
amniotic shunting as a promising treatment for 
progressive isolated fetal pleural effusion and 
highlight the need for prospective studies to 
optimize patient selection and perinatal care.

Keywords:  Fetus; Pleuro-amniotic shunting; 
Pleural effusion; Perinatal outcomes; Systematic 
review

Key Summary Points 

Why carry out this study?

Pleuro-amniotic shunting has been proposed 
for fetal pleural effusion, although its safety 
and efficacy remain uncertain.

PubMed/MEDLINE, Embase, Scopus, and 
Cochrane Central were searched for studies 
reporting outcomes of fetuses undergoing 
pleuro-amniotic shunting for isolated pleural 
effusion.

What was learned from the study?

The overall survival, resolution of hydrops, 
catheter displacement, preterm births, and 
preterm premature rupture of membranes 
were, respectively, 65.36%, 62.25%, 17.13%, 
69.67%, and 17.65%.

Although the evidence is limited, these find-
ings support pleuro-amniotic shunting as a 
promising treatment for progressive isolated 
fetal pleural effusion.

INTRODUCTION

Fetal pleural effusion is defined as the accumu-
lation of fluid within the pleural space. In neo-
nates, pleural effusion is classified as chylotho-
rax when the pleural fluid contains triglyceride 
levels > 1.1 mmol/L and > 80% lymphocytes [1]. 
This condition is rare, with an estimated inci-
dence of 1 in 10,000 to 1 in 15,000 pregnancies. 
It may occur as an isolated (primary) condition 
or in association with other disorders (second-
ary) [2]. Secondary causes include chromosomal 
abnormalities, genetic syndromes, obstructive 
uropathy, lymphatic disorders (e.g., Noonan 
syndrome), congenital lymphatic malforma-
tions, thoracic cavity anomalies, Rh or ABO 
incompatibility, nonimmune fetal hydrops, 
congenital infections, congenital heart defects, 
metabolic disorders, and hematologic disorders 
[3, 4].

Pleural effusion occupies the pleural space, 
causing compression of the lungs, which may 
result in pulmonary hypoplasia. Hydrops devel-
ops secondary to cardiac compression and the 
resulting reduction in cardiac output. Polyhy-
dramnios may occur because mediastinal shift 
compresses the esophagus, leading to impaired 
fetal swallowing [5]. Prenatal diagnosis can be 
established as early as the second trimester by 
ultrasonographic visualization of an anechoic 
fluid collection within one or both hemitho-
races. The clinical course is variable, ranging 
from spontaneous resolution to progression to 
hydrops, polyhydramnios, preterm birth, and 
fetal death [6, 7].

Treatment in utero for an isolated pleural 
effusion has been proposed to prevent progres-
sion to hydrops [8, 9]. One proposed treatment 
is thoracentesis, which involves inserting a 
20-gauge needle into the pleural cavity and aspi-
rating the fluid. While this is a simple procedure, 
the fluid accumulates rapidly again, requiring 
repeated procedures and increasing the risk of 
infection or preterm premature rupture of mem-
branes (PPROM). The standard treatment for iso-
lated pleural effusion is pleuro-amniotic shunt-
ing. This procedure involves inserting a 9F trocar 
(outer diameter 3 mm) under continuous ultra-
sound guidance. A double-coiled pigtail silicone 
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catheter is then placed through the trocar to 
connect the pleural space to the amniotic cav-
ity [10, 11]. However, preterm delivery, PPROM, 
and catheter displacement pleuro-amniotic 
shunting have been reported in association with 
pleuro-amniotic shunting [12–14]. Other com-
plications reported with the procedure include 
premature placental abruption, traumatic hemo-
thorax, and rib fractures [15, 16]. Nevertheless, 
pleuro-amniotic shunting has proven to be an 
effective technique for resolving primary pleu-
ral effusion, even in hydropic fetuses, with an 
overall survival rate above 75% and low rates of 
postnatal neurological sequelae [17].

Despite the potential benefits of pleuro-amni-
otic shunting in reversing hydrops and improv-
ing postnatal survival, uncertainties remain 
regarding actual rates of perinatal complications. 
Therefore, we aimed to conduct a systematic 
review and meta-analysis assessing the perinatal 
outcomes of pleuro-amniotic shunts in cases of 
isolated pleural effusion.

METHODS

Study Design

This systematic review was conducted accord-
ing to the PRISMA-P (Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses Pro-
tocols) guidelines. The review strictly adhered 
to the established guidelines, ensuring trans-
parency and reproducibility of the adopted 
procedures. Additionally, the protocol was reg-
istered with the Prospective Register of System-
atic Reviews (PROSPERO) under the number 
CRD420251241549.

Information Sources

PubMed, Embase, Scopus, and Cochrane Cen-
tral databases were systematically searched after 
PROSPERO registration. Two authors conducted 
the systematic review. Any disagreements were 
resolved through a discussion panel facilitated 
by a third author. The study selection pro-
cess involved an initial screening of titles and 

abstracts, followed by an evaluation of the full 
text of potentially eligible studies.

Eligibility Criteria

We included observational studies (retrospective 
cohorts) in which (1) fetuses underwent pleuro-
amniotic shunting; (2) due to unilateral or bilat-
eral pleural effusion; (3) at any gestational age; 
(4) regardless of hydrops; and (5) exhibiting 
presumably isolated pleural effusion (no other 
detected structural or chromosomal abnormali-
ties). The following were excluded: (1) studies 
without the prespecified outcomes of interest 
(overall survival, resolution of fetal hydrops, 
catheter displacement, preterm birth, PPROM, or 
chorioamnionitis); (2) overlapping populations, 
defined as studies with overlapping institutions 
and recruitment periods; (3) retracted articles; 
(4) case reports and case series with fewer than 
five participants; (5) non-English studies.

Outcomes

The primary outcomes of this review were over-
all survival, defined as the newborn survival 
until discharge, and resolution of fetal hydrops 
(frequency of hydrops before and after the inter-
vention). Catheter displacement, preterm birth 
(before 37 weeks of gestational age), PPROM 
(before 37 weeks of gestational age), and chorio-
amnionitis were assessed as secondary outcomes.

Data Extraction

Two reviewers applied the eligibility criteria 
independently and selected studies for inclusion 
without knowing each other’s decisions. After 
completing this process, the authors compared 
their results and resolved any disagreements 
by consulting a third author. The Rayyan soft-
ware [18] (http://​rayyan.​qcri.​org/) was used to 
record the selected studies and decisions regard-
ing inclusion or exclusion. Two authors inde-
pendently extracted the following information 
from each study using Excel 2010 spreadsheets 
(Microsoft Corp., Redmond, WA, USA): (1) sam-
ple size, (2) number of events related to the pre-
specified outcomes, (3) demographic data, and 

http://rayyan.qcri.org/
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(4) prospective registration of clinical trials. The 
extracted data were then reviewed twice inde-
pendently by all authors and compared. Addi-
tional review sessions were conducted in the 
event of any discrepancies in the data.

The search terms “fetal pleural effusion” and 
“pleuroamniotic shunts” were used in combina-
tion with keywords linked by the Boolean opera-
tors AND and OR (Table 1). First, the titles and 
abstracts were reviewed, and the selected stud-
ies were downloaded from each platform as csv 
files. The files were then imported and analyzed 
using the Rayyan software to assess the articles’ 
eligibility. After duplicates were removed, those 
studies that were eligible underwent a detailed 
evaluation in accordance with the eligibility 
criteria.

Summary of Results

The information collected from the studies 
included in this review was summarized in 
Excel® 2010 (Microsoft Corp., Redmond, WA, 
USA). This included details from the publica-
tions, such as the year of publication, the study 
design, the sample size, the study location and 
the objectives, as well as information related 
to the outcomes. The main conclusions of the 
selected articles were also included.

Bias Analysis

Two reviewers conducted an independent 
assessment of the study across seven domains: 
(1) pre-intervention (confounding factors and 
participant selection); (2) during the inter-
vention (intervention classification); and (3) 
post-intervention (deviations from intended 
interventions, missing data, outcome measure-
ment and reported results selection). The Risk 
of Bias in Non-Randomized Studies of Interven-
tions (ROBINS-I) tool [19] was used to assess the 
cohort studies. On the basis of these analytical 
criteria, the studies were categorized as “low 
risk of bias”, “moderate risk”, “serious risk”, or 
“critical risk”. The overall assessment of each 
article was determined by the highest level of 
risk identified in any of its individual domains, 

in accordance with the principle of the most 
conservative scenario.

Data Synthesis and Meta‑analysis

We conducted a single-arm meta-analysis using 
a random-effects model. The results were pre-
sented as pooled prevalence estimates with 
their corresponding 95% confidence intervals 
(CI). To assess statistical heterogeneity, we used 
Cochran’s Q test and the I2 statistic. We classified 
I2 values of < 40%, 40–75%, and > 75% as repre-
senting low, moderate, and high heterogeneity, 
respectively. The meta-analysis was performed 
using the meta package in RStudio, version 
4.2.2 (R Foundation for Statistical Computing, 
Vienna, Austria), using the metaprop function 
for pooling prevalence estimates.

RESULTS

A total of 847 studies, including unpublished 
articles and abstracts, were identified through 
searches of the PubMed/MEDLINE, Embase, Sco-
pus, and Cochrane Central databases. After 477 
duplicates were removed, 370 studies remained 
for screening of titles and abstracts. Of these, 17 
were selected for a full-text review. Ultimately, 
ten studies met the inclusion criteria and were 
included in our systematic review and meta-
analysis (Fig. 1).

Characteristics of Included Studies

The characteristics of the included studies are 
summarized in Table 2. Ten retrospective cohort 
studies, published between 1988 and 2022, were 
included [9, 13, 20–27]. These studies encom-
passed 587 fetuses, of whom 416 underwent 
thoraco-amniotic shunting. The studies were 
conducted in Europe, North America, South 
America, Asia, and Oceania. The weighted 
mean gestational age at the time of interven-
tion was 28.1 weeks. Overall, 68.3% (284/416) 
of fetuses were male and 31.7% (132/416) were 
female. Bilateral pleural effusions were predomi-
nant, accounting for 76.9% (320/416) of cases, 
while unilateral effusions accounted for 23.1% 
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Table 1   Applied search strategy

Database Search

PubMed/MEDLINE (
 “Pleural Effusion”[Mesh]
 OR “pleural effusion*”[tiab]
 OR “fetal pleural effusion*”[tiab]
 OR “fetal hydrothorax”[tiab]
 OR “fetal hydrothoraces”[tiab]
 OR “fetal thoracic effusion*”[tiab]
 OR “fetal chest effusion*”[tiab]
 OR “fetal pleural fluid”[tiab]
)
AND
(
 “pleuroamniotic shunt*”[tiab]
 OR “pleuro-amniotic shunt*”[tiab]
 OR “thoracoamniotic shunt*”[tiab]
 OR “thoraco-amniotic shunt*”[tiab]
 OR “thoracopleural shunt*”[tiab]
 OR “pleural-amniotic shunt*”[tiab]
 OR “amniotic shunt*”[tiab]
)

Embase ( ’pleural effusion’/exp OR ’pleural effusion*’:ti,ab OR ’fetal pleural effusion*’:ti,ab OR ’fetal 
hydrothorax’:ti,ab OR ’fetal hydrothoraces’:ti,ab OR ’fetal thoracic effusion*’:ti,ab OR ’fetal 
chest effusion*’:ti,ab OR ’fetal pleural fluid’:ti,ab) AND ( ’pleuroamniotic shunt*’:ti,ab OR 
’pleuro-amniotic shunt*’:ti,ab OR ’thoracoamniotic shunt*’:ti,ab OR ’thoraco-amniotic 
shunt*’:ti,ab OR ’thoracopleural shunt*’:ti,ab OR ’pleural-amniotic shunt*’:ti,ab OR ’amniotic 
shunt*’:ti,ab)

SCOPUS ( ’pleural effusion’/exp OR ’pleural effusion*’:ti,ab OR ’fetal pleural effusion*’:ti,ab OR ’fetal 
hydrothorax’:ti,ab OR ’fetal hydrothoraces’:ti,ab OR ’fetal thoracic effusion*’:ti,ab OR ’fetal 
chest effusion*’:ti,ab OR ’fetal pleural fluid’:ti,ab) AND ( ’pleuroamniotic shunt*’:ti,ab OR 
’pleuro-amniotic shunt*’:ti,ab OR ’thoracoamniotic shunt*’:ti,ab OR ’thoraco-amniotic 
shunt*’:ti,ab OR ’thoracopleural shunt*’:ti,ab OR ’pleural-amniotic shunt*’:ti,ab OR ’amniotic 
shunt*’:ti,ab)

Cochrane central #1 MeSH descriptor: [Pleural Effusion] explode all trees #2 (“pleural effusion*” OR “fetal pleural 
effusion*” OR “fetal hydrothorax” OR “fetal hydrothoraces” OR “fetal thoracic effusion*” OR 
“fetal chest effusion*” OR “fetal pleural fluid”):ti,ab,kw #3 #1 OR #2 #4 (“pleuroamniotic shunt*” 
OR “pleuro-amniotic shunt*” OR “thoracoamniotic shunt*” OR “thoraco-amniotic shunt*” OR 
“thoracopleural shunt*” OR “pleural-amniotic shunt*” OR “amniotic shunt*”):ti,ab,kw #5 #3 
AND #4
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(96/416). Primary outcomes included overall 
survival, and reversal of hydrops. Secondary out-
comes included catheter displacement, preterm 
birth, PPROM, and chorioamnionitis.

Risk of Bias

The methodological quality of the included 
studies was assessed using the ROBINS-I tool 
(Figs. 2, 3). All studies were considered to have 

an overall moderate risk of bias. This classifica-
tion was determined exclusively by the “con-
founding factors” domain, which was assessed 
as having a moderate risk in all studies due to 
the retrospective, observational nature of the 
available evidence, and the potential influence 
of unmeasured confounding factors. All other 
ROBINS-I domains, including participant selec-
tion, intervention classification, deviations 
from intended interventions, missing data, 
outcome measurement, and selective reporting, 

Fig. 1   PRISMA flowchart
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Fig. 2   Risk of bias of included studies

Fig. 3   Bar chart of risk of bias
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were consistently assessed as having a low risk 
of bias.

Meta‑analysis

The analysis of overall survival included ten 
studies and 416 fetuses, of whom 272 survived. 
The pooled estimate indicated an overall sur-
vival rate of 65.36% (95%  CI 59.46–70.83). 
Survival rates ranged from 46.34% to 75.44%, 
demonstrating reasonable consistency among 
the results from different centers, with low het-
erogeneity (I2 = 30.7%; p = 0.164) (Fig. 4).

Four studies involving 151 fetuses contrib-
uted to the analysis regarding the resolution 
of hydrops. Resolution was observed in 94 
cases, corresponding to a pooled prevalence of 
62.25% (95% CI 54.27–69.62). The individual 
rates remained relatively homogeneous, ranging 

from 58.0% to 67.3%. This finding was corrobo-
rated by the absence of statistical heterogeneity 
(I2 = 0%), which indicates excellent agreement 
among the studies (Fig. 5).

Drain displacement was reported in nine stud-
ies involving 362 fetuses. A total of 62 episodes 
were recorded, corresponding to a combined 
prevalence of 17.13% (95% CI 13.59–21.36). 
The observed frequencies ranged from 10.34% 
to 25.00%, with no evidence of heterogeneity 
(I2 = 0%; p = 0.854), indicating high consistency 
among the analyzed studies (Fig. 6).

The outcome of preterm birth was inves-
tigated in six studies, involving 224 fetuses. 
Overall, there were 155 preterm births, result-
ing in a pooled prevalence of 69.67% (95% CI 
61.24–76.95). Despite the high frequency of this 
event, variability among the studies was limited 
(I2 = 26.9%; p = 0.232), with individual estimates 
ranging from 56.9% to 79.0% (Fig. 7).

Fig. 4   Forest plot of overall survival

Fig. 5   Forest plot of hydrops resolution
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PPROM was evaluated in eight studies involv-
ing a total of 299 fetuses. The combined preva-
lence was 17.65% (95% CI 7.78–35.28). How-
ever, substantial heterogeneity was observed in 
this outcome (I2 = 84.5%; p < 0.001), reflecting 
significant variability among the studies. While 
most studies reported incidences below 20%, 
one study showed a notably higher frequency 
of 82.76%, which significantly contributed to 
the observed inconsistency (Fig. 8).

Chorioamnionitis occurred in three studies 
involving 134 fetuses, with a total of seven cases 
reported. The estimated combined prevalence, 
as calculated using a random-effects model, was 
5.22% (95% CI 2.51–10.55), which indicates a 
low incidence of this complication following the 
procedure. The individual estimates ranged from 
2.56% to 10.53%, and there was low heteroge-
neity among the studies (I2 = 26.1%; p = 0.259), 

Fig. 6   Forest plot of catheter displacement

Fig. 7   Forest plot of preterm birth
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which suggests that the results were consistent 
across the evaluated populations (Fig. 9).

DISCUSSION

This systematic review and meta-analysis con-
solidated data from ten retrospective cohort 
studies, encompassing 416 fetuses who under-
went pleuro-amniotic shunting for pleural effu-
sion. The central finding of this investigation 

demonstrates the potential benefits of this inter-
vention, with a favorable overall survival rate 
of 65.36% (95% CI 59.46–70.83) and a pooled 
fetal hydrops resolution rate of 62.25%. How-
ever, our analysis also quantifies the clinical 
cost of the intervention, highlighting that the 
survival benefit is accompanied by significant 
rates of obstetric morbidity, including preterm 
birth (69.67%), catheter displacement (17.13%), 
and PPROM (17.65%). These findings underscore 
that, although the procedure has an excellent 
life-saving potential, it invariably converts the 

Fig. 8   Forest plot of preterm premature rupture of membranes

Fig. 9   Forest plot of chorioamnionitis
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pregnancy to a high-risk status and demands 
early intensive intervention.

The presence of fetal hydrops at the time of 
diagnosis is classically recognized as the most 
compelling negative predictor in cases of pleural 
effusion, reflecting a state of impending heart 
failure due to continuous compression. The data 
extracted from our cohort confirm this prog-
nostic dichotomy. The analysis by Jeong et al. 
[23] revealed a substantial difference in survival 
between the non-hydropic group (93.3%) and 
the hydropic group (56.0%) undergoing shunt-
ing. In this context, the insertion of the drain 
acts directly to relieve intrathoracic pressure, 
allowing for the decompression of the cardiac 
chambers and the subsequent restoration of fetal 
cardiac output.

The most critical prognostic turning point, 
therefore, is the ultrasonographic confirma-
tion of hydrops reversal following the shunt. 
Our meta-analysis indicates a complete absence 
of heterogeneity (I2 = 0%) in the outcome of 
hydrops resolution, demonstrating a highly 
consistent physiological response to mechani-
cal decompression across different global 
research centers. When this in utero reversal 
is achieved, the baseline prognosis undergoes 
a drastic change. The study by Kelly et al. [9], 
included in this review, perfectly illustrates this 
phenomenon by demonstrating that hydropic 
fetuses who reversed the condition after drain-
age achieved a survival rate of 67.3%, approach-
ing the outcomes observed in fetuses who never 
developed hydrops and surpassing the initial 
prognosis.

Given the considerable clinical costs and 
obstetric morbidities previously highlighted, 
fetal therapy must not be viewed as an isolated 
surgical intervention. Instead, the inherent risks 
of the procedure demand a complex, highly 
coordinated multidisciplinary clinical manage-
ment strategy. The survival of these neonates 
relies heavily on the anesthesiology team for 
meticulous planning of high-risk deliveries, as 
well as the immediate availability of advanced 
neonatal intensive care.

The statistical consistency observed across 
specific outcomes supports the findings of this 
meta-analysis. The analyses for fetal hydrops res-
olution and catheter displacement demonstrated 

no statistical heterogeneity (I2 = 0%). This agree-
ment across different centers suggests a uniform 
physiological response to mechanical decom-
pression and a stable rate of device-related com-
plications across institutional settings. Con-
versely, the outcome of PPROM exhibited high 
heterogeneity (I2 = 84.5%). This variability is 
primarily attributable to a single cohort report-
ing an incidence of 82.76%, which affected 
the pooled estimate and suggests that specific 
institutional protocols, intervention timing, or 
patient selection criteria may influence mem-
brane integrity following the procedure.

When interpreting these results, one must 
acknowledge the methodological constraints 
inherent to the available literature. According 
to the ROBINS-I tool, all included studies were 
assessed as having an overall moderate risk of 
bias. This classification was determined by the 
“confounding factors” domain, a limitation 
associated with the retrospective and observa-
tional design of the primary cohorts. As a result 
of the rarity of isolated fetal pleural effusion, 
executing large-scale randomized controlled 
trials presents practical and ethical challenges. 
The remaining evaluated domains—including 
participant selection, deviations from intended 
interventions, and outcome measurement—were 
scored as having a low risk of bias. Despite the 
lack of randomization, the available evidence 
provides a basis for informing clinical practice.

The overall survival rate of 65.36% observed 
with pleuro-amniotic shunting provides a con-
text for evaluating its role among alternative 
management strategies. Expectant manage-
ment and therapeutic thoracentesis are often 
considered for primary fetal pleural effusion. 
Although thoracentesis is a simpler procedure, 
it is frequently limited by rapid fluid reaccumu-
lation, which necessitates repeated interventions 
and consequently increases the cumulative risk 
of intra-amniotic infection and PPROM [28]. 
Current reviews, such as the analysis by Abiad 
et al. [29], indicate that while conservative man-
agement may be appropriate for mild or stable 
effusions, pleuro-amniotic shunting provides 
sustained intrathoracic decompression, making 
it a more definitive intervention for progressive 
or severe cases to avoid the morbidity associated 
with multiple needle insertions.
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The primary limitation of this systematic 
review and meta-analysis is the reliance on ret-
rospective cohort studies, as no randomized con-
trolled trials were available for inclusion. This 
methodological constraint is expected because 
of the rarity of isolated fetal pleural effusion, 
which complicates the design and execution 
of large-scale, prospective clinical trials. Con-
sequently, the analyzed cohorts possess rela-
tively small sample sizes, and the inherent risk 
of unmeasured confounding factors restricts the 
ability to establish definitive causal relationships 
between the intervention and the outcomes. 
Furthermore, the high heterogeneity observed 
in specific complications, such as PPROM, indi-
cates that variations in institutional protocols, 
patient selection, and operator experience may 
influence the reported results.

CONCLUSION

Pleuro-amniotic shunting represents a viable 
therapeutic strategy for isolated fetal pleural 
effusion, yielding an overall survival rate of 
65.36% and frequently facilitating the resolu-
tion of fetal hydrops. However, this procedure 
should not be approached as an isolated surgi-
cal intervention because of the high frequency 
of associated obstetric morbidities, particularly 
preterm birth. Optimizing perinatal outcomes 
necessitates a comprehensive multidisciplinary 
clinical management strategy. The coordinated 
involvement of specialized nursing, psychology, 
and anesthesiology teams is required to manage 
complex neonatal intensive care, address paren-
tal psychological distress, and safely execute 
high-risk deliveries. Future multicenter prospec-
tive studies are needed to refine these multidis-
ciplinary protocols and further clarify long-term 
neonatal trajectories.
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