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Abstract: Pregnancies complicated by severe polyhydramnios are associated with a high rate of
underlying fetal anomaly. Amnioreduction may be offered to alleviate maternal symptoms. This
is a retrospective study of amnioreductions performed on singleton and twin gestations compli-
cated by symptomatic polyhydramnios between 2010 and 2023 at our tertiary referral center. The
indications, procedural techniques and pregnancy and neonatal outcomes were retrieved from an
archive database and reviewed with the use of the maternal and child medical record chart, the
hospital electronic clinical discharge report and telephone recalls. Our study comprised 86 preg-
nancies, 65 singletons and 21 twin pregnancies. Fetal anomalies were identified in 79% of cases,
mainly gastrointestinal obstructive anomalies; 9.3% of cases were idiopathic. The median gestational
age at first amnioreduction was 32.5 weeks, and peri-procedural complications were rare (1 case of
placental abruption and 2 cases of preterm delivery). The median gestational age at delivery was
36.5 weeks, with a median prolongation of the pregnancy from the time of first drain until birth of
30 days. Preterm labor < 37 weeks occurred in 48.8% of procedures, with 26.7% of patients delivering
before 34 weeks and pPROM < 36 weeks recorded in 23.2% of cases. In conclusion, amnioreduction
offered to alleviate maternal symptoms is a reasonably safe procedure with a low complication rate.
These pregnancies necessitate management in a tertiary referral center because of their need for a
multidisciplinary approach both prenatally and postnatally.

Keywords: polyhydramnios; amnioreduction; fetal anomaly; pPROM; preterm labor; fetal death;
neonatal death

1. Introduction

Polyhydramnios is a pregnancy complication characterized by an excessive accumu-
lation of amniotic fluid within the amniotic sac, reported in 1–2% of singleton pregnan-
cies [1,2].

The diagnosis of polyhydramnios is typically made through ultrasound examinations
using semiquantitative methods: the single deepest vertical pocket (DVP) of amniotic
fluid, with polyhydramnios defined as DVP ≥ 8 cm, or the amniotic fluid index (AFI) with
polyhydramnios defined as AFI ≥ 24 cm [2].

Polyhydramnios reflects a final common pathway resulting from various underlying
causes, including maternal diabetes, placental tumors and fetal abnormalities. Other causes
of polyhydramnios include fetal anemia due to congenital infections and alloimmunization.
“Idiopathic” polyhydramnios accounts for approximately 40–50% of cases and should be a

Children 2024, 11, 502. https://doi.org/10.3390/children11040502 https://www.mdpi.com/journal/children

https://doi.org/10.3390/children11040502
https://doi.org/10.3390/children11040502
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/children
https://www.mdpi.com
https://orcid.org/0000-0002-7791-3233
https://orcid.org/0000-0001-5537-7145
https://orcid.org/0000-0002-9217-3034
https://orcid.org/0000-0003-0765-1298
https://doi.org/10.3390/children11040502
https://www.mdpi.com/journal/children
https://www.mdpi.com/article/10.3390/children11040502?type=check_update&version=2


Children 2024, 11, 502 2 of 10

diagnosis of exclusion after other potential causes of excessive amniotic fluid have been
ruled out. However, in approximately 10% of cases, an underlying fetal abnormality or
genetic syndrome is identified after birth, with the risk increasing according to the severity
of polyhydramnios [3,4].

There is a well-known association between polyhydramnios and adverse pregnancy
and neonatal outcomes, including fetal anomalies, perinatal death and preterm birth [1].

Amnioreduction (AR) has been largely used in the management of twin–twin transfu-
sion syndrome (TTTS) in monochorionic (MC) twin pregnancies before the introduction of
placental laser ablation. In this setting, studies have supported the use of amnioreduction
as an option to relieve maternal discomfort and to potentially prolong pregnancy, reducing
the risk of preterm premature rupture of membranes (pPROM) and preterm labor and
improving placental vascular supply [5,6].

Despite the large volume of literature available on AR in twin pregnancies [5–7],
fewer published studies have analyzed complications of AR in singleton pregnancies,
generally reporting a low rate of short-term peri-procedural complications (preterm birth
4%-10%; premature rupture of membranes 0–1%; fetal demise 0–0.4%) [8,9]. With regard to
pregnancy outcomes after AR, previous studies reported a median gestational age at birth
near term (36–37 weeks), with debated benefits of AR in terms of prolonging the pregnancy
and a described increased probability of vaginal delivery and a lower incidence of uterine
atony [8–10]. Perinatal outcome has been reported to be largely associated with underlying
fetal anomaly [8–10].

The aim of our study was to review the indications, peri-procedural complications,
pregnancy and perinatal outcomes of singleton and twin pregnancies complicated by
polyhydramnios, which underwent AR at our institution, contributing to evidence-based
practices in counseling and managing pregnancies with polyhydramnios warranting am-
nioreduction.

2. Materials and Methods

This was a descriptive retrospective study of AR procedures performed on singleton
and twin pregnancies complicated by polyhydramnios between January 2010 and June
2023 at our Fetal Therapy Unit at Buzzi Children’s Hospital in Milan (Italy).

Cases were identified from an archive database and reviewed with the use of the
maternal and child medical record chart, the hospital electronic clinical discharge report
and telephone recalls.

All cases underwent a detailed ultrasound assessment of the fetus and placenta
performed by a fetal medicine specialist, in addition to maternal screening for diabetes
mellitus and common infections.

The degree of polyhydramnios was recorded and categorized as mild, moderate or
severe, based on a DVP of 8–11 cm, 12–15 cm or ≥16 cm, respectively [2].

Symptomatic patients who complained of discomfort, abdominal pain or dyspnea
were offered AR after detailed counseling and discussions about the recognized risks and
benefits related to the procedure.

At our institution, all patients with polyhydramnios and clinical symptoms are offered
amnioreduction. Therefore, in our study, it was not possible to obtain an appropriate
control group to carry out a comparative analysis.

AR was not performed in women who were in active labor or for whom delivery
was considered inevitable in the short term. Twin pregnancies complicated by TTTS
were excluded. In twin pregnancies, both monochorionic and dichorionic, we considered
amniotic fluid discordance an intertwin difference ≥4 cm in amniotic fluid volumes.

Peri-procedural antibiotic prophylaxis (cephalosporin) and tocolysis was provided.
With regard to tocolysis, we utilize 100 mg rectal indomethacin until 24 weeks and intra-
venous atosiban after 24 weeks (bolus dose 6.75 mg, followed by a continuous high-dose
infusion 300 µg/min of Atosiban 37.5 mg/5 mL for three hours, followed by a lower dose
of Atosiban 37.5 mg/5 mL subsequent infusion 100 µg/min up to 45 h.
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The procedure of trans-abdominal drainage of amniotic fluid was performed using an
18-gauge needle connected to a 60 mL syringe with manual aspiration under continuous
ultrasound guidance.

According to our protocol, amniotic fluid samples were sent for fetal karyotyping and
arrayCGH in all cases suggestive of a chromosomal/genetic anomaly (e.g., multiple ultra-
sound anomalies detected at ultrasound or structural/functional defects highly associated
with genetic conditions) and for microbiologic studies when an infection was suspected.

Amnioreduction procedure was stopped when a DVP of <8 cm was reached. After
24 h hospitalization, detailed ultrasound scan was performed before discharge, and weekly
follow up was scheduled.

Data on maternal pregnancy characteristics and associated fetal/placental anomaly,
obstetrical and perinatal outcomes (premature rupture of membranes (pPROM), preterm de-
livery (PD), placental abruption, chorioamnionitis, fetal and neonatal death) were collected.

Continuous variables are presented as median (interquartile range [IQR]), and cate-
goric data are presented as a number (percentage).

3. Results
3.1. Maternal and Health Characteristics

During the study period, 86 pregnancies were included, with 21 twin pregnancies, of
which 17 were MC diamniotic and 4 dichorionic (DC) with severe polyhydramnios in one
fetus. The maternal and pregnancy characteristics are shown in Table 1.

Table 1. Maternal and pregnancy characteristics.

Variable Measure

Maternal age, years 34 (30–38.2)
Parity 0 (0–1)

ART *, n (%) 12/86 (13.9%)
Twin pregnancy, n (%) 21/86 (24.4%)

Gestational age at first AR, weeks 32.5 (30.0–36.0)
Number of AR ** per woman, n 1 (1–4)

Data are given as median (interquartile range); * Assisted Reproductive Technology. ** Amnioreduction.

The median maternal age was 34 years (range 30–38.2 years). Most women were
nulliparous (71.1%).

The total n ARs performed was 121, with a median number of 1 over their entire
gestation (range 1–4). Most women (n = 61; 70.9%) underwent one amnioreduction, and the
remaining (n = 25; 29%) received >1 amnioreduction (17 women received 2 AR; 6 women
received 3 AR; 2 women received 4 AR). The procedure was successful in all cases in
relieving patients’ symptoms. The median gestational age at first amnioreduction was
32.5 weeks (range 30.0–36 weeks).

3.2. Causes of Polyhydramnios

Fetal anomaly was the primary cause of severe polyhydramnios. Sixty-five patients
underwent invasive prenatal diagnosis at the timing of amnioreduction or previously
during the pregnancy, and thirteen (20.0%) were abnormal. In particular, six pregnancies
were complicated by chromosomal anomalies (5 cases of Trisomy 21 and 1 case of Pallister
Killian syndrome), and seven cases presented arrayCGH/monogenic anomalies.

Table 2 summarizes the causes of polyhydramnios that required amnioreduction.
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Table 2. Causes of polyhydramnios that required amnioreduction.

Cause of Polyhydramnios n (%)

Fetal/placental abnormality 68/86 (79%)

Gastrointestinal
-Duodenal obstruction

-Esophageal atresia
-Gastric transposition

-Pyloric obstructive membrane
-Omphalocele

34 (39.5%)
18 (2 Trisomy 21)
13 (3 Trisomy 21)

1
1

1 (Beckwith–Wiedemann Syndrome)

Neuromuscular disease 8 (9.3%) (4 genetic syndromes)

Fetal respiratory disease
-Congenital diaphragmatic hernia
-Bronchial atresia (vascular ring)

-Thoracic mass with mediastinal shift

7 (8.1%)
5 (1 Pallister–Killian Syndrome; 1 De novo 17q12 microdeletion)

1
1

Placental chorioangioma 6 (6.9%)

Non-Immune Hydrops 5 (5.8%)

Multiple anomalies 6 (6.9%)

Osmotic diuresis 1 (1.2%) (Bartter Syndrome)

Twin pregnancies 11 (12.8%) (Twin discordance of amniotic fluid)

Idiopathic 8 (9.3%)

We categorized the causes of polyhydramnios of our cohort in macro-groups and
defined the specific anomalies within each, as reported in Table 2.

Gastrointestinal obstructive anomalies were the most frequent indication for amniotic
fluid drainage. There were 16 cases of isolated duodenal atresia, 10 cases of isolated
esophageal atresia and an additional 2 and 3 cases of complicating Trisomy 21. The case of
omphalocele described in our cohort was associated with Beckwith–Wiedemann Syndrome
and presented visceromegaly in addition to bowel herniation through the abdominal wall
defect.

Among the eight pregnancies in the neuromuscular disease group, four of them were
complicated by pathogenetic mutations associated with specific syndromes.

1. De novo 9q34.11 microdeletion is associated with a clinical spectrum, including
intellectual disability, speech developmental delay, microcephaly, mild dysmorphisms,
strabismus and early infantile epileptic encephalopathy.

2. De novo heterozygous pathogenetic variant in ACTA1 gene, associated with nemaline
myopathy, a rare genetic muscle disorder characterized by muscle weakness and
hypotonia.

3. De novo heterozygous pathogenetic variant in HUWE-1 gene, associated with intel-
lectual disability and epilepsy.

4. De novo heterozygous pathogenetic variant in BICD2 gene, associated with spinal
muscular atrophy (SMA).

Among the cases of fetal respiratory diseases, one pregnancy was complicated by
a fetal echogenic thoracic lesion detected in the third trimester, which presented rapid
growth, increased vascularization and determined a mediastinal shift (differential diagnosis
with congenital adenomatoid malformation, pulmonary sequestration, bronchial atresia).
Sadly, the neonate died after birth, and the parents denied consent to perform an autopsy.
Therefore, anatomopathological diagnosis is lacking.

Fetuses affected by congenital diaphragmatic hernia included in our cohort comprised
three cases of right-sided defect with herniation of the liver in the thorax and two cases
of left-sided defect with herniation of the stomach and bowel in the chest. A prenatal
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genetic association was found in two cases (1 Pallister–Killian Syndrome; 1 De novo 17q12
microdeletion), and both neonates died after birth.

In one case included in our cohort, a bronchial atresia was suspected at prenatal
ultrasound assessments. Postnatal radiological examinations identified a vascular ring
determining an extrinsic airway obstruction and leading to “functional” bronchial atresia.

In six cases, major and minor multiple anomalies were detected (e.g., facial dysmor-
phism, hepatomegaly, hydrothorax, limb abnormalities, ventriculomegaly, etc.) but no
specific syndrome could be defined, despite invasive tests that resulted in normal karyotype
and arrayCGH.

In the non-immune-hydrops group, we included two cases of suspected congenital
metabolic disease versus RASopathy (confirmatory genetic diagnosis not available at birth).
In the remaining three cases of non-immune hydrops, the exome sequencing was negative.

One case included in our cohort was characterized by early-onset severe and refrac-
tory unexplained polyhydramnios, which required four amnioreductions, starting from
25 weeks, to relieve maternal symptoms. Bartter syndrome was diagnosed after birth and
explained the fetal polyuria and the relevant biochemical abnormality in the amniotic fluid
drained, which was characterized by normal sodium and potassium but elevated chloride
levels.

Notably, no cases of amnioreduction due to maternal disease, such as diabetes, are
included in our cohort. Only in eight cases (9.3%) was there no clear cause for the polyhy-
dramnios in the perinatal period, and they were classified as idiopathic.

3.3. Procedural Characteristics and Complications

The procedural characteristics and complications are reported in Table 3.

Table 3. Procedural characteristics and complications.

Variable Measure

Procedural characteristics
Pre-procedural maximal DVP of amniotic fluid, cm 13 (12–14)

Post-procedural maximal DVP of amniotic fluid, cm 7 (6.7–8)
Volume removed per AR, mL 2000 (1700–2662)

Post-procedural complications (<48 h)
Infections, n (%) 0

Placental abruption, n (%) 1/121 (0.8%)
pPROM, n (%) 1/121 (0.8%)
Delivery, n (%) 2/121 (1.65%)

Data are given as median (interquartile range).

The median pre-procedural maximal deepest vertical pocket (DVP) of amniotic fluid
was 13 cm (range 12–14 cm). In 84.7% of cases, the polyhydramnios requiring amniore-
duction was classified as moderate or severe, while only in 15.3% of cases was mild. The
median amount of fluid removed at each procedure was 2000 mL (range 1700–2662 mL),
and the median measure of the deepest vertical pocket of amniotic fluid after the procedure
was 7 cm (range 6.7–8 cm).

The peri-procedural complications occurring <48 h post-procedure were recorded.
No cases of chorioamnionitis or sepsis were recorded among the study cohort. Only one
case (0.8%) of placental abruption occurred at 34.1 weeks after a second amnioreduction
performed for polyhydramnios caused by a suspected fetal neurological issue (unknown
etiology, likely genetic anomaly in consanguineous parents). The neonate died after birth.

Preterm delivery occurred within 48 h after the procedure in 2 cases/121 (1.65%) cases
of amnioreductions performed at 36 weeks and 33.6 weeks, respectively. These cases neces-
sitating delivery at <48 h included one case of pPROM at 36 weeks after amnioreduction
for fetal thoracic mass at rapid growth with mediastinal shift. The neonate died after
birth. The second case was an amnioreduction performed at 33.6 weeks due to idiopathic
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polyhydramnios in which emergency cesarean delivery was indicated after 24 h due to
non-reassuring fetal heart rate tracing.

3.4. Pregnancy and Neonatal Outcomes

Pregnancy and neonatal outcomes are presented in Table 4.

Table 4. Pregnancy-neonatal outcomes.

Variable Measure

Gestational age at delivery, weeks 36.5 (34.0–38.0)
Birthweight, g 2470 (1877–2732)

Preterm labor < 34 weeks, n (%) 23/86 (26.7%)
Preterm labor < 37 weeks, n (%) 42/86 (48.8%)

Time interval first procedure–labor, days 30 (IQR 17–41; range 1–120)
pPROM < 36 weeks, n (%) 20/86 (23.2%)

Time interval first procedure–pPROM, days 16 (IQR 7.5–26; range 0–52)
Intrauterine fetal death, n (%) 3/86 (3.5%)

Neonatal death, n (%) 15/83 * (18%)
* Number of liveborn after exclusion of IUDF (Intra Uterine Fetal Death).

Median gestational age at delivery was 36.5 weeks (IQR 34.0–38.0). The rate of cesarean
deliveries was high in our cohort (69.9%), with one-third of cesarean deliveries being
conducted before 34 weeks.

The median interval between the first amnioreduction and delivery was 30 days (IQR
17–41, range 1–120). Preterm premature rupture of membranes < 36 weeks was recorded in
20/86 cases (23.2%), and the median interval between the first procedure and pPROM was
16 days (IQR 7.5–26, range 0–52).

Fetal demise occurred in three cases (3.5%).

1. A DC twin at 22 weeks and 3 days GA where polyhydramnios was related to fetal
non-immune hydrops (suspected congenital metabolic disease versus RASopathy),
and fetal demise occurred two weeks after procedure.

2. A trisomy 21 fetus at 38 weeks, after 2 AR performed for esophageal obstruction.
3. A polymalformated fetus with hydrothorax, Binder-like phenotype and hepatomegaly

(unknown etiology, suspected metabolic disease) with demise occurring at 30 weeks
GA, 6 days after AR.

Neonatal death occurred in 15 cases (18%) out of 83 liveborn who underwent AR; in
7 cases, a known or suspected chromosomal/genetic etiology was recorded; 2 cases were
hydropic neonates; in 6 cases, death occurred because of severe respiratory compromise or
severe prematurity.

4. Discussion

Our study presented indications and pregnancy outcomes in 86 pregnancies (65 single-
tons and 21 twin pregnancies) who underwent 121 amnioreductions due to symptomatic
polyhydramnios in our tertiary referral Centre of Fetal Diagnosis and Therapy at Buzzi
Children’s Hospital.

The first finding that warrants consideration in our cohort is the high prevalence of
structural or functional fetal/placental abnormality (79%) and the high incidence of fetuses
who died perinatally (1 in 5). Previous studies have demonstrated an association between
the severity of the polyhydramnios and the likelihood of a fetal abnormality [11].

The Society of Maternal and Fetal Medicine (SMFM), in its Consult on polyhydramnios,
stated that polyhydramnios identification should prompt an exploration of its underly-
ing etiology and, importantly, “idiopathic” polyhydramnios should be a diagnosis of
exclusion [2].

Indeed, although the cause of polyhydramnios may be unexplained prenatally, an
etiology may become manifest after birth. In cases of moderate and severe polyhydramnios,
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the rate of fetal abnormality detected prenatally is up to 15% and 40%, respectively, with
an additional chance of postnatal diagnosis of 2% and 10%, respectively [2]. In our cohort,
84.7% of cases of polyhydramnios requiring amnioreduction were classified as moderate or
severe, while only 15.3% of cases were mild. This “high-risk” population may reflect the
high proportion of anomalies identified and the relatively small amount of “idiopathic”
polyhydramnios. All patients in our series received detailed ultrasound scans by fetal
medicine practitioners, and relevant cases were managed in close collaboration with clinical
geneticists who performed neonatal examinations when indicated, leading to an increase
in the postnatal detection rate of anomalies. Our finding is in line with a previously
published series in which, amongst 138 pregnancies with moderate–severe polyhydramnios,
a fetal anomaly was identified in 77.5% of cases and in 84.9% of total amnioreductions
performed [9].

Lastly, no cases of maternal disease, such as pre-pregnancy or gestational diabetes,
were comprised in our cohort. Since amnioreduction was indicated only in cases of severe
maternal discomfort, dyspnea or both, it may be possible that mild cases of diabetes-related
polyhydramnios are not included in our cohort; this was also in line with strict follow-up
of these pregnancies in high-risk settings and universal screening of gestational diabetes in
our cohort, possibly limiting the incidence and severity of polyhydramnios in this specific
population.

Our study confirms the finding that amnioreduction for polyhydramnios in singleton
and twin pregnancies is a safe procedure. The complication rate was low, especially
when considering the intrinsic risks associated with severe polyhydramnios. As previously
illustrated, polyhydramnios may result in maternal discomfort, pPROM, preterm labor, fetal
malposition, placental abruption, non-reassuring fetal heart rate tracings and postpartum
hemorrhage due to uterine atony related to overdistension [1,2,12]. These complications
also heighten the probability of cesarean delivery and admission of the neonate to the
intensive care unit, also in cases with mild idiopathic polyhydramnios [2].

If polyhydramnios interferes with the patient’s daily activities, in the last three decades,
amnioreduction has been recommended in order to alleviate maternal discomfort and
possibly reduce the rate of indicated preterm births for maternal complications [4,13].

There is no consensus on the optimal approach for managing polyhydramnios, in-
cluding the amount of fluid to remove, the frequency of the procedure, the speed of fluid
removal or the use of tocolytic and antibiotics. Notably, limited published series exist on
amnioreduction, and some of them include data from twin pregnancies complicated by
twin-to-twin transfusion syndrome (TTTS), where the pathophysiological condition differs
significantly [5].

In our study, peri-procedural complications within 48 h occurred rarely, with no cases
of chorioamnionitis or sepsis recorded and only one case (0.8%) of placental abruption
after a second amnioreduction. Delivery occurred within 48 h after the procedure, which
was only in 1.65% of cases. These results are in line with previous reports [8–10]. Erfani
et al., in 2019, reported peri-procedural complications in 66 amnioreductions in singleton
pregnancies, and no cases of infections or pPROM were recorded, while 10.6% of cases
experienced preterm delivery within 48 h of amnioreduction [10]. Similar data were
reported in the largest case series of amnioreduction by Dickinson et al., where amongst
271 procedures, only 1.1% experienced a pPROM, and 4.1% of cases were delivered within
48 h [9].

With regard to pregnancy outcome, in our study, the median gestational age at delivery
was 36.5 weeks, with a median interval of 16 days from first procedure to pPROM and
a median prolongation of the pregnancy from the time of first AR until birth of 30 days.
Similar data were found in the series published by Dickinson et al., where the median
interval from the first procedure until delivery was 26 days, with a median gestational age
at delivery of 36.4 weeks [9].
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Nevertheless, caution should be used when interpreting the possible positive role
of amnioreduction in prolonging gestation, similar to that observed in TTTS pregnancies
treated with AR [5,6], since the exact impact of the procedure on these outcomes remains
uncertain. Recently, Soni et al. conducted a retrospective review of singleton pregnancies
with moderate-severe polyhydramnios due to fetal anomalies, comparing those that un-
derwent amnioreduction versus those that were expectantly managed [14]. The authors
found that amnioreduction had a low complication rate (preterm delivery <48 h in 5.4%
cases) but did not provide benefit in terms of protracting the pregnancy. However, patients
undergoing AR had an earlier onset of polyhydramnios and a higher amount of amniotic
fluid compared to those who did not desire AR. Moreover, the patients in the amniore-
duction group had significantly higher rates of vaginal delivery (49.4% versus 30.5%) and
statistically significant lower rates of uterine atony (2.4% versus 13.7%) [14]. Given the high
rate of cesarean deliveries broadly reported in the literature in pregnancies complicated by
polyhydramnios (69.9% in our cohort), this finding merits special consideration and argues
in favor of the execution of AR in symptomatic patients.

The present study also confirms the relevant rate of stillbirth (3.5%) and neonatal
death (18%) in pregnancies complicated with polyhydramnios requiring amnioreduction.
This finding is consistent with the already highlighted high incidence of fetal anomaly
as underlying etiology and supports the recommendation of referring cases with severe
polyhydramnios at tertiary centers for prenatal management and delivery due to the
significant risk that fetal anomalies may be present at birth, even if not prenatally identified.

In addition, despite the perinatal outcome being mainly determined by the primary
fetal anomaly, it is conceivable that cases requiring early neonatal surgery (principally gas-
trointestinal and respiratory diseases) may benefit from protraction of pregnancy possible
due to amnioreduction, especially in terms of anesthesiologic risks and peri-operative care.
Multidisciplinary-team management of these cases, involving obstetricians, geneticists,
neonatologists and pediatric surgeons, ensures the best chances of care and support in
these pregnancies.

The main strengths of this study are represented by the size of the study cohort, the
uniform amnioreduction protocol performed at a single center by fetal medicine practition-
ers and the availability of neonatal follow-up, which permitted postnatal diagnosis, thus
increasing our detection rate of associated anomalies.

Due to the unicity of this study population in which polyhydramnios was largely
moderate–severe and the consequence of fetal anomalies, two limitations could be identi-
fied. First, in our study, it was not possible to obtain an appropriate control group to carry
out a comparative analysis since all symptomatic patients with polyhydramnios are offered
amnioreduction in our Fetal Therapy Unit. This could also be explained by the fact that less
severe cases, therefore not associated with maternal symptoms, are not routinely referred
to our Unit. Secondly, the high prevalence of fetal anomalies may represent a bias since the
findings of this study may not be fitting to a general population of pregnancies in which
polyhydramnios are not related to fetal diseases. Nevertheless, it may be assumed, based
on previously published studies, that most of these results will be appropriate in all cases
requiring amnioreduction, regardless of the primary cause determining polyhydramnios.
The most suitable comparison group would be a control population of pregnancies with
idiopathic moderate–severe polyhydramnios, though difficult to obtain because the vast
majority of idiopathic polyhydramnios patients have mild polyhydramnios and will not
likely require an AR.

In addition, we acknowledge the limitations of the retrospective study design, includ-
ing the absence of robust and systematical data on cervical length pre- and post-procedure
and the additional treatment for threatened preterm labor.

5. Conclusions

Pregnancies complicated by moderate–severe polyhydramnios requiring amnioreduc-
tion are associated with a high rate of underlying fetal or placental anomaly. Amnioreduc-
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tion offered to alleviate maternal symptoms has a useful role and represents a procedure
with a reasonably low rate of potential complications. These pregnancies warrant delivery
in a tertiary referral center not only for the risk of preterm delivery but also for the need for
a multidisciplinary approach both prenatally and postnatally.

Future research should consider differences in the amnioreduction approaches (amount
of fluid removed, frequency of the procedure, the speed of fluid removal, use of tocolytic
and antibiotics), the potential prognostic role of cervical length in polyhydramnios, its
impact on latency from drainage until birth and better define the ability of amnioreduction
to protract the pregnancy, also in relation to cervical length.

Author Contributions: Conceptualization, A.L. and M.M.L.; methodology, A.L., M.M.L. and V.S.;
validation, A.L., M.M.L. and V.S.; formal analysis, A.L., M.M.L., V.S. and D.C.; investigation, A.L., V.S.
and S.F.; resources, A.L. and V.S.; data curation, A.L. and V.S.; writing—original draft preparation,
A.L. and V.S.; writing—review and editing, A.L., M.M.L., V.S., D.C., S.F., L.S. and I.C.; supervision,
M.M.L. and I.C.; project administration, M.M.L. and I.C. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The ethical committee (Comitato Etico Milano Area 1)
reviewed and approved this study (2022/ST/240) (no. 612/2023; 31/01/2023).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to restrictions, e.g., privacy or ethical.

Acknowledgments: The authors acknowledge support from the University of Milan through the
APC initiative.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Magann, E.F.; Chauhan, S.P.; Doherty, D.A.; Lutgendorf, M.A.; Magann, M.I.; Morrison, J.C. A review of idiopathic polyhydram-

nios and pregnancy outcomes. Obstet. Gynecol. Surv. 2007, 62, 795–802. [CrossRef] [PubMed]
2. Society for Maternal-Fetal Medicine (SMFM); Dashe, J.S.; Pressman, E.K.; Hibbard, J.U. SMFM Consult Series #46: Evaluation and

management of polyhydramnios. Am. J. Obstet. Gynecol. 2018, 219, B2–B8. [CrossRef] [PubMed]
3. Abele, H.; Starz, S.; Hoopmann, M.; Yazdi, B.; Rall, K.; Kagan, K.O. Idiopathic Polyhydramnios and Postnatal Abnormalities.

Fetal Diagn. Ther. 2012, 32, 251–255. [CrossRef] [PubMed]
4. Dorleijn, D.M.J.; Cohen-Overbeek, T.E.; Groenendaal, F.; Bruinse, H.W.; Stoutenbeek, P. Idiopathic polyhydramnios and postnatal

findings. J. Matern. Neonatal Med. 2009, 22, 315–320. [CrossRef] [PubMed]
5. Mari, G.; Roberts, A.; Detti, L.; Kovanci, E.; Stefos, T.; Bahado-Singh, R.O.; Deter, R.L.; Fisk, N.M. Perinatal morbidity and

mortality rates in severe twin-twin transfusion syndrome: Results of the International Amnioreduction Registry. Am. J. Obstet.
Gynecol. 2001, 185, 708–715. [CrossRef] [PubMed]

6. Moise, K.J., Jr.; Dorman, K.; Lamvu, G.; Saade, G.R.; Fisk, N.M.; Dickinson, J.E.; Wilson, R.D.; Gagnon, A.; Belfort, M.A.;
O’Shaughnessy, R.O.; et al. A randomized trial of amnioreduction versus septostomy in the treatment of twin-twin trans-fusion
syndrome. Am. J. Obstet. Gynecol. 2005, 193, 701–707. [CrossRef] [PubMed]

7. Dickinson, J.E.; Evans, S.F. Obstetric and perinatal outcomes from The Australian and New Zealand Twin-Twin Transfusion
Syndrome Registry. Am. J. Obstet. Gynecol. 2000, 182, 706–712. [CrossRef] [PubMed]

8. Thompson, A.; Mone, F.; McComiskey, M.; Ong, S. Amnioreduction in a singleton pregnancy: A systematic review. J. Obstet.
Gynaecol. 2013, 33, 764–767. [CrossRef] [PubMed]

9. Dickinson, J.E.; Tjioe, Y.Y.; Jude, E.; Kirk, D.; Franke, M.; Nathan, E. Amnioreduction in the management of polyhydramnios
complicating singleton pregnancies. Am. J. Obstet. Gynecol. 2014, 211, 434.e1–434.e7. [CrossRef] [PubMed]

10. Erfani, H.; Diaz-Rodriguez, G.E.; Aalipour, S.; Nassr, A.; Rezaei, A.; Gandhi, M.; Mendez-Figueroa, H.; Aagaard, K.M.;
Shamshirsaz, A.A. Amnioreduction in cases of polyhydramnios: Indications and outcomes in singleton pregnancies without fetal
interventions. Eur. J. Obstet. Gynecol. Reprod. Biol. 2019, 241, 126–128. [CrossRef] [PubMed]

11. Dashe, J.S.; McIntire, D.D.; Ramus, R.M.; Santos-Ramos, R.; Twickler, D.M. Hydramnios: Anomaly prevalence and sonographic
detection. Obstet. Gynecol. 2002, 100, 134–139. [CrossRef] [PubMed]

12. Chen, K.-C.; Liou, J.-D.; Hung, T.-H.; Kuo, D.-M.; Hsu, J.-J.; Hsieh, C.-C.; Hsieh, T.-T. Perinatal outcomes of polyhydramnios
without associated congenital fetal anomalies after the gestational age of 20 weeks. Chang. Gung Med. J. 2005, 28, 222–228.
[PubMed]

https://doi.org/10.1097/01.ogx.0000290349.58707.e0
https://www.ncbi.nlm.nih.gov/pubmed/18005456
https://doi.org/10.1016/j.ajog.2018.07.016
https://www.ncbi.nlm.nih.gov/pubmed/30048635
https://doi.org/10.1159/000338659
https://www.ncbi.nlm.nih.gov/pubmed/22760013
https://doi.org/10.1080/14767050802531870
https://www.ncbi.nlm.nih.gov/pubmed/19085623
https://doi.org/10.1067/mob.2001.117188
https://www.ncbi.nlm.nih.gov/pubmed/11568802
https://doi.org/10.1016/j.ajog.2005.01.067
https://www.ncbi.nlm.nih.gov/pubmed/16150263
https://doi.org/10.1067/mob.2000.104236
https://www.ncbi.nlm.nih.gov/pubmed/10739534
https://doi.org/10.3109/01443615.2013.832739
https://www.ncbi.nlm.nih.gov/pubmed/24219710
https://doi.org/10.1016/j.ajog.2014.05.036
https://www.ncbi.nlm.nih.gov/pubmed/24881825
https://doi.org/10.1016/j.ejogrb.2019.05.019
https://www.ncbi.nlm.nih.gov/pubmed/31160132
https://doi.org/10.1097/00006250-200207000-00021
https://www.ncbi.nlm.nih.gov/pubmed/12100815
https://www.ncbi.nlm.nih.gov/pubmed/16013341


Children 2024, 11, 502 10 of 10

13. Coviello, D.; Bonati, F.; Montefusco, S.M.; Mastromatteo, C.; Fabietti, I.; Rustico, M. Amnioreduction. Acta Biomed. 2004, 75
(Suppl. S1), 31–33. [PubMed]

14. Soni, S.P.; Teefey, C.P.; Gebb, J.S.; Khalek, N.; Neary, K.; Miller, K.; Moldenhauer, J.S. Amnioreduction vs expectant management
in pregnancies with moderate to severe polyhydramnios. Am. J. Obstet. Gynecol. MFM 2023, 5, 101192. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://www.ncbi.nlm.nih.gov/pubmed/15301287
https://doi.org/10.1016/j.ajogmf.2023.101192
https://www.ncbi.nlm.nih.gov/pubmed/37858792

	Introduction 
	Materials and Methods 
	Results 
	Maternal and Health Characteristics 
	Causes of Polyhydramnios 
	Procedural Characteristics and Complications 
	Pregnancy and Neonatal Outcomes 

	Discussion 
	Conclusions 
	References

