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Abstract

Purpose To retrospectively investigate perinatal outcome of monoamniotic twin pregnancies in a tertiary center during a
10 year period.

Methods A retrospective analysis of all monoamniotic pregnancies managed at Karolinska University Hospital, Stockholm,
Sweden 2010-2019 was performed. The primary outcomes were live birth rate, neonatal death and perinatal survival. The
secondary outcomes were late miscarriage, gestational age at delivery and frequency of fetal complications.

Results Twenty-two monoamniotic pregnancies, with 44 fetuses, were identified. Thirty-five of 44 fetuses (80%) were live-
born. Of 36 fetuses reaching 24 weeks gestation, 35 (97%) were liveborn. There were no neonatal deaths, thus the perinatal
survival was 97%. The mean gestational age at birth was 32.5 weeks (SD + 1.5).

Conclusions The live birth rate and perinatal survival of monoamniotic pregnancies managed at Karolinska University
Hospital was high and comparable to previously published data.

Keywords Monoamniotic twin pregnancy - Perinatal survival - Pregnancy complication - Pregnancy outcome - Twin
pregnancy

Abbreviations Introduction

dIUFD  Double intrauterine fetal demise

IUFD Intrauterine fetal demise Monochorionic monoamniotic (MCMA) twin pregnan-
IUGR  Intrauterine growth restriction cies have the highest perinatal mortality rate of all twins.
MCDA  Monochorionic diamniotic In monochorionic diamniotic (MCDA) and dichorionic
MCMA Monochorionic monoamniotic diamniotic (DCDA) twin pregnancies, perinatal mortality
RDS Respiratory distress syndrome rates of approximately 10% and 2%, respectively, have been
sIUFD  Single intrauterine fetal demise reported [1, 2]. The perinatal mortality rate in MCMA twins
TTTS Twin—twin transfusion syndrome has previously been reported to be 30-70% [3]. With more

intensive fetal surveillance, perinatal mortality has declined
to 8—11% after 24-26 weeks gestation [4, 5]. The rate of
intrauterine fetal demise (IUFD) has declined to 6-8% after
24 and 26 weeks gestation [4, 5]. Although there has been
Eleonor Tiblad and Lotta Herling have equal contributions. progress in managing these pregnancies, the mortality rate
is still high and varies between studies [2, 6].

Twin-twin transfusion syndrome (TTTS), selective intra-
uterine growth restriction (sSIUGR) and IUFD are complica-
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[7]. Except the complications due to vascular anastomoses,
MCMA twins also have an increased risk of congenital
anomalies, umbilical cord complications and iatrogenic and
spontaneous preterm delivery [6, 8, 9].

Management of monoamniotic twin pregnancies varies
and the optimal timing for elective delivery, which often
takes place at 32-34 weeks gestation, is yet unknown [6,
9]. In some countries inpatient management in the third tri-
mester is routine, while in Sweden almost all cases are man-
aged as outpatients [4]. A multinational cohort study by Sac-
cone et al. evaluated the perinatal mortality rate for patients
managed as inpatients versus outpatients in uncomplicated
monoamniotic twin pregnancies. The results suggested that
perinatal mortality rate was lower in the inpatient group but
the results were inconclusive [4].

Pregnancy and perinatal outcome of MCMA twins in
Sweden is not known. There is a lack of evidence-based
guidelines and management is often based on expert opin-
ions [3, 6, 10]. The aim of this study was to retrospectively
investigate perinatal outcome of MCMA twin pregnancies
in a tertiary center during a 10 year period.

Materials and methods

All MCMA pregnancies managed at Karolinska University
Hospital, Stockholm, Sweden 2010-2019 were included.
The hospital serves as referral center for complicated multi-
ple pregnancies in the region of Stockholm. Exclusion crite-
ria were cases with chromosomal abnormalities, conjoined
twins, cases complicated by twin reversed arterial perfusion
(TRAP) sequence, multiple pregnancies with more than two
fetuses, cases referred from outside the Stockholm region
for fetal therapy and cases that first were followed as mono-
amniotic but later diagnosed as diamniotic by the placental
pathology examination. MCMA pregnancies were identified
and data extracted from the medical record system using
ICD-10 codes (030.0 before 2011 and O30.0C from 2011).
Data obtained regarding maternal demographics were age,
parity, body mass index (BMI), pregnancy type, gestational
age at diagnosis, pregnancy outcome, late miscarriage and
mode of delivery. Data obtained regarding perinatal outcome
were gestational age at birth, birth weight, Apgar score at
5 min, gender, number of days in neonatal care, perinatal
survival at 28 days of life, fetal complications including
TTTS, sIUGR and congenital anomalies.
Monoamnionicity was diagnosed prenatally with ultra-
sonography and in some cases confirmed by placental
pathology. The first ultrasonography was done in the first
or in the second trimester. In Sweden, first trimester ultra-
sound for all pregnant women was not routine during the
study period. If a pregnancy was followed as monoamniotic
but later diagnosed as diamniotic by the placental pathology
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examination, the pregnancy was excluded from analysis. All
uncomplicated monoamniotic twin pregnancies are followed
as outpatients and are delivered by elective cesarean section
in gestational weeks 32-34. In Sweden, respiratory distress
syndrome (RDS) prophylaxis with corticosteroids is routine
in premature deliveries before gestational week 34 +0. The
timing of RDS-prophylaxis was changed during the study
period. Before the first quarter of 2018, RDS prophylaxis
was given to premature deliveries before gestational week
33+0.

The primary outcomes were live birth rate, neonatal death
and perinatal survival. Live birth rate after 22 and 24 weeks
gestation and overall live birth rate were presented in this
study. Overall live birth rate was defined as the total live
birth rate, including spontaneous miscarriage and termina-
tion of pregnancy (TOP). Neonatal death was defined as
death of the infant before 28 completed postnatal days. Peri-
natal survival was defined as the survival rate from 22 to
24 weeks gestation to 28 days of life. Secondary outcomes
were gestational age at delivery, late miscarriage, and fre-
quency of fetal complications (TTTS, sSIUGR and congenital
anomalies).

Miscarriage was defined as fetal demise before 22 weeks
gestation. Late miscarriage was defined as fetal demise
after 12 weeks gestation. To do a proper comparison with
international studies, where miscarriage is defined as fetal
demise before 24 weeks gestation, live birth rate after
24 weeks was also presented. Definition of the first trimester
was < 14 weeks of gestation. Neonatal care days was defined
as care at a regular neonatal ward or neonatal intensive care
unit, whereas neonatal home care was not included.

Statistical analyses

Data analyses were performed using IBM SPSS Statistics
for Windows, Version 25.0. (Armonk; NY: IBM Corp).
Continuous variables were presented as mean + standard
deviation (SD) or median (interquartile range) as appropri-
ate. Categorical variables were presented as absolute values
and percentage [n (percent)].

Ethical approval

The study was approved by the Swedish Ethical Review
Authority (decision number 2019-00608) the 27th of
November 2019.

Results

Twenty-seven MCMA twin pregnancies (54 fetuses) were

identified between 2010 and 2019. There was one case of
conjoined twins that was excluded from the study. Another
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case was followed as MCMA but was postnatally diagnosed
as MCDA at the placental pathology examination and, there-
fore, excluded from the analyses. Three cases were referred
from outside the region for fetal therapy and, therefore,
excluded. Hence, 22 MCMA twin pregnancies (44 fetuses)
were included in the analyses. The prevalence of MCMA
deliveries was 1.08% (18/1663) of twin deliveries and
0.02% (18/84935) of all deliveries. Thus, MCMA deliver-
ies represented 11/1000 of twin deliveries and 2/10,000 of
all deliveries.

Maternal and pregnancy characteristics are presented
in Table 1. Fifteen pregnancies were conceived spontane-
ously, six by in vitro fertilization (IVF) and one by oocyte

Table 1 Maternal and pregnancy characteristics

donation. The mean maternal age was 32 years (SD +5). The
mothers had a median parity of one (range 1-3) and a mean
BMI of 24 (SD +4). Nineteen pregnancies (86%) were diag-
nosed as monoamniotic in the first trimester. The remaining
three (14%) were diagnosed in the second trimester. The
mean gestational age at birth was 32.5 weeks (SD + 1.5).
Perinatal outcome is presented in Table 2. In 17 of 22
pregnancies (77%), both fetuses were born alive. The live
birth rate after 22 weeks gestation was 97%. There were no
neonatal deaths. Thus, the perinatal survival rate after 22
and 24 weeks gestation was 97%. The liveborn children had
a mean birthweight of 1910 g (SD +302 g). Four of the new-
born children had a 5 min Apgar score <7. All children were

Case Pregnancy type Age (years) Parity BMI Time of Pregnancy out- GA at birth Emergency/ Maternal preg-
diagnosis come (weeks and elective cesarean nancy complica-
(trimester) days) section tions

1 Spontaneous 28 1 28 1 Miscarriage None

(14+2)
2 Spontaneous 34 2 32 1 LB 3242 Elective None
3 Spontaneous 31 0 22 1 LB 32+6 Elective None
4 Oocyte donation 44 0 22 1 LB 31+6 Acute® None
5 Spontaneous 34 3 34 2 LB 33+6 Elective Gestational dia-

betes
6  IVF 36 1 22 1 LB 3046 Elective* Anemia
7 Spontaneous 30 1 23 1 LB 3243 Elective Anemia
8 IVF 37 3 23 1 LB 3240 Elective None
9 Spontaneous 34 2 21 1 LB 3340 Elective None
10 Spontaneous 36 1 24 1 LB 31+2 Elective None
11 Spontaneous 37 3 25 1 LB 34+3 Elective Thrombocytopenia
12 Spontaneous 24 0 21 1 TOP (15+0)* None
13 Spontaneous 27 2 23 2 LB 3443 Elective None
14 Spontaneous 30 1 18 1 sIUFD (28+0)° 33+4 Elective Anemia
/LB

15 IVF 34 0 22 Miscarriage None

(13+5)
16  Spontaneous 31 0 23 1 LB 29+1 Acute® None
17 IVF 33 1 22 1 Miscarriage None

(16+2)
18  Spontaneous 34 1 28 1 LB 3246 Elective None
19 Spontaneous 24 0 28 2 LB 2943 Acute® None
20  Spontaneous 33 2 21 1 LB 3345 Elective None
21 IVF 36 0 21 1 LB 33+1 Elective PPH
22 IVF 27 0 29 1 LB 33+4 Elective Anemia

GA gestational age; cases 1, 12, 14 (only twin 2), 15 and 17 were terminated; Miscarriage spontaneous loss of pregnancy before 22 weeks gesta-
tion, LB live birth, TOP termination of pregnancy, sIUFD single intrauterine fetal demise, PPH postpartum hemorrhage

*Terminated due to severe umbilical artery blood flow changes

bSIUFD in gestational week 28. At delivery 2 tight true knots of the umbilical cords were observed. No other explanation to sTUFD was found at

prenatal ultrasound or postnatal placental pathology examination
“Emergency cesarean section due to threatening fetal asphyxia
4Elective cesarean section due to SIUGR

Acute cesarean section due to premature rupture of the membrane
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Table 2 Perinatal outcome

Case  Birthweight  Birthweight  Gender Apg5 Apg5 Neonatal PNS
(g)tl (g)t2 twin 1 twin 2 care (days)b (n fetuses)
1 Miscarriage
2 2180 2194 Male 8 9 132 2
3 2140 2020 Female 9 9 122 2
4 2011 1850 Male 5 9 46 2
5 2140 2545 Female 9 8 10 2
6 1470 1230 Female 8 9 35¢ 2
7 1710 1890 Female 5 7 20° 2
8 1925 1765 Male 9 9 16 2
9 2163 2003 Female 9 8 12 2
10 1960 1894 Female 7 5 26° 2
11 2198 1914 Female 10 10 9 2
12 TOP
13 2082 2017 Male 10 10 2
14 2290 sIUFD Female 7 sIUFD 8 1
15 Miscarriage
16 1238 1404 Female 8 10 41 2
17 Miscarriage
18 1879 2005 Male 7 5 18 2
19 1384 1457 Female 9 9 40 2
20 1925 1860 Female 6 9 12* 2
21 1675 1714 Female 9 8 12 2
22 2042 2160 Male 10 10 7 2

tl twin 1, 12 twin2, Apg5 Apgar score after 5 min, Miscarriage, spontaneous loss of pregnancy before
22 weeks gestation, TOP termination of pregnancy, PNS perinatal survival

“Due to RDS

"Neonatal home care not included

treated with neonatal care with a mean period of 19 days
(SD + 13 days).

Three of 22 pregnancies ended in late miscarriage (14%).
There was one pregnancy (case 5) with mild TTTS. This was
detected at 25 weeks of gestation and treated with amniod-
rainage only. TTTS resolved following the procedure. There
were no cases of SIUGR. Two of the infants (twin 2, case
6 and twin 2, case 20) were born small for gestational age.
There was one case of unexpected sIUFD and no case with
dIUFD.

Five of 44 fetuses (11%) from four pregnancies were diag-
nosed with congenital anomalies. In one case both children
were born with anomalies affecting one of the thumbs. One
of the children in this pregnancy also had a cardiac ventricu-
lar septal defect. One child was born with a hemivertebrae
and butterfly vertebrae. In another case one of the fetuses
had CNS malformations that were detected prenatally.
This pregnancy ended in spontaneous miscarriage before a
planned termination of the affected fetus. In another case,
one of the children was born with situs inversus. All con-
genital anomalies, except one, were detected postnatally.
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All children were treated for mild or moderate prematu-
rity related complications, but there were no severe neona-
tal complications. Fourteen children were treated for infant
Respiratory Distress Syndrome (RDS); however, all resolved
with treatment and no child developed bronchopulmonary
dysplasia.

Discussion

Perinatal survival in MCMA twin pregnancies managed at
Karolinska University Hospital was high and the frequency
of fetal and neonatal complications was low. The live birth
rate of 97% after 22 and 24 weeks of gestation in our cohort
is comparable with the results above 90% reported by studies
with similar sample sizes and criteria. One study including
25 MCMA pregnancies, presented a live birth rate of 98%
after 20 weeks gestation (congenital anomalies included)
[11]. Another study with a larger sample size presented live
birth rate of 92% after 26 weeks gestation (congenital anom-
alies excluded) [4]. A recently published systematic review
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and meta-analysis by D’Antonio et al. presented a live birth
rate of 94% after 24 weeks gestation [5].

Studies with larger sample sizes have demonstrated over-
all live birth rates between 82 and 84% [3, 12]. This is in
concordance with an overall live birth rate of 80% in our
study (congenital anomalies included).

A multicenter study including 61 MCMA pregnancies
was recently performed in Denmark by Madsen et al. [13]. In
Denmark the management of MCMA pregnancies is similar
to the management in Sweden. In this study MCMA deliver-
ies represented 1/10,000 of all deliveries and 5/1000 of twin
deliveries. In our cohort, the rate of MCMA deliveries repre-
sented 2/10,000 of all deliveries and 11/1000 of twin deliv-
eries. A possible explanation to the higher rate in our study
is that a majority of MCMA pregnancies, as complicated
twin pregnancies, is referred to our hospital. The overall live
birth rate in the Danish study was 56%, which is lower than
our result of 80% (congenital anomalies included). In Den-
mark, all pregnant women are offered a first trimester scan
at 11-13 weeks of gestation [13]. In Sweden, the routine
anomaly scan is performed in the second trimester and not
all pregnant women are scanned before this. Therefore, it is
possible that cases of MCMA pregnancies that were sponta-
neously miscarried before detection were not included in our
cohort. After 22 weeks the live birth rates were 88% com-
pared to the results of the present study of 97% (congenital
anomalies included). A possible explanation of the higher
live birth rate of MCMA pregnancies in our study, might be
the different study design and sample sizes of the two studies
and that all our cases were managed in a tertiary center. The
Danish study was population based and a multicenter study.

The frequency of late miscarriages in the current study
was 14%. This is similar to the results presented by two
studies that have reported frequencies of 16 and 17% [3,
14]. Other studies have reported higher frequencies of late
miscarriages, with rates of 26-27% [2, 13]. With a rate of
congenital anomalies of 11%, TTTS of 5% and no cases
of sSIUGR the frequency of complications in our study was
quite low (TOP included). However, the interpretation of
results is limited by the small sample size.

The prevalence of congenital anomalies in MCMA preg-
nancies has earlier been reported as 18-28% [8]. The preva-
lence of congenital anomalies is probably underestimated
in many studies. It is possible that some MCMA pregnan-
cies complicated by congenital anomalies are spontaneously
miscarried before the anomalies are detected. Furthermore,
congenital anomalies in one fetus is a common reason for
selective termination. Therefore, exclusion of terminated
pregnancies or pregnancies that underwent reduction could
result in a deceptively low frequency of congenital anoma-
lies. In a recent systematic review and meta-analysis 5%
(44/888) of MCMA twin pregnancies were affected by TTTS
[15]. The higher prevalence of arterioarterial anastomoses in

MCMA-placentas, which are protective against the pathol-
ogy in TTTS, are the probable explanation of the lower inci-
dence in MCMA pregnancies [16, 17]. It could be that cases
of TTTS in MCMA are not detected as often as in MCDA
pregnancies, since the fetuses share the same amniotic sac.
The differences in amniotic fluid, used as a diagnostic crite-
rion in MCDA [9], cannot be used when diagnosing TTTS
in MCMA. Thus, it is possible that MCMA cases with TTTS
remain undetected. It is not unlikely that undiagnosed TTTS
cases constitute part of the pregnancies that are lost in IUFD
before 24 weeks gestation.

Seven of 22 pregnant women had maternal complications
due to twin pregnancy. The complications were anemia, ges-
tational diabetes, thrombocytopenia and postpartum hemor-
rhage. However, many women probably delivered before the
onset of possible pregnancy complications, such as preec-
lampsia, pregnancy-induced hypertension or intrahepatic
cholestasis, as these were not seen in this material.

Saccone et al. [4] have studied the outcome of MCMA
pregnancies managed as inpatients versus outpatients. The
results suggested that perinatal mortality rate was lower in
the inpatient group, but the results were inconclusive. How-
ever, this has been contradicted by others [18]. The hemody-
namic instability between the two fetuses is a causal factor
behind sudden fetal demise in these pregnancies. These are
probably instantaneous changes which are very difficult to
anticipate, even with inpatient management. Moreover, when
discussing in-versus outpatient management of these preg-
nancies, the possible advantages with inpatient management
have to be weighed against disadvantages, such as psycho-
logical consequences for the mother [8].

When planning delivery of MCMA pregnancies the
risk of neonatal complications has to be weighed against
the risk of IUFD. In a recently published systematic review
and meta-analysis by Buca et al., it is suggested that the
risk of composite neonatal morbidity is high in uncompli-
cated MCMA pregnancies. This risk gradually decreases
with an increased gestational age at delivery and between
33 and 34 weeks there is a substantial reduction in neona-
tal morbidity [19]. According to van Mieghem et al., the
cutoff point between the risk of non-respiratory neonatal
complications and the risk of IUFD was at gestational age
32 +4[12]. Based on these results, delivery between gesta-
tional weeks 32 and 34 is recommended [9, 12]. The mean
gestational age at delivery in our cohort was 32.5 weeks.
There was only one case of fetal demise after 22 weeks ges-
tation, which occurred at gestational week 28. In a recently
published meta-analysis, the highest rate of IUFD occurred
before 30 weeks gestation [5]. In another study, no fetal
deaths occurred after 32 weeks gestation [4]. There were
134 children delivered after 33 weeks gestation and 46 chil-
dren delivered after 34 weeks gestation in that study [4]. Our
results in combination with the results presented by these
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studies support that delivery of MCMA pregnancies could
wait until gestational week 33 4+ 0 when possible.

To improve perinatal outcome in these rare pregnancies,
it might be preferable to centralize the regional management
of MCMA pregnancies. Theoretically, this might increase
timely identification of complications and possibly improve
perinatal outcome.

The major strength of this study is that it presents the
largest data on MCMA pregnancies in Sweden, including
all consecutive cases in a tertiary center. Main limitations
are the small number of cases and the retrospective design
which adds a risk of bias. Another limitation is that not all
MCMA twins were diagnosed in the first trimester of preg-
nancy. Despite these limitations, it is important to increase
knowledge of outcome in these rare pregnancies, to be able
to properly counsel the patients.

Conclusions

The perinatal survival of MCMA pregnancies managed at
Karolinska University Hospital was high (97%) and compa-
rable to previously published studies. Mean gestational age
at birth was 32.5 weeks and fetal and neonatal complication
rates in MCMA pregnancies were low.

Author contributions IS contributed to the acquisition of the work, the
interpretation and drafted the work and approved of the final version
and agreed to be accountable for all aspects of the work. ET contributed
to the acquisition of the work, the interpretation and revised it critically
and approved the final version and agreed to be accountable for all
aspects of the work. LH contributed to the acquisition of the work, the
interpretation and revised it critically and approved the final version
and agreed to be accountable for all aspects of the work.

Funding Open access funding provided by Karolinska Institute. LH
is supported by CIMED (Center for Innovative Medicine) clinical
research grant and Region Stockholm.

Data availability Not applicable.

Code availability Data analyses were performed using IBM SPSS Sta-
tistics for Windows, Version 25.0. (Armonk; NY: IBM Corp).

Declarations

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval The study was approved by the Swedish Ethical
Review Authority (decision number 2019-00608) the 27th of Novem-
ber 2019.

Consent to participate Not applicable.

@ Springer

Consent for publication Not applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Lewi L (2020) Monochorionic diamniotic twins: What do I tell
the prospective parents? Prenat Diagn 40(7):766-775. https://doi.
org/10.1002/pd.5705

2. Glinianaia SV, Rankin J, Khalil A, Binder J, Waring G, Sturgiss
SN, Thilaganathan B, Hannon T (2019) Prevalence, antenatal
management and perinatal outcome of monochorionic monoamni-
otic twin pregnancy: a collaborative multicenter study in England,
2000-2013. Ultrasound Obstet Gynecol 53(2):184-192. https://
doi.org/10.1002/uog.19114

3. Heyborne KD, Porreco RP, Garite TJ, Phair K, Abril D (2005)
Improved perinatal survival of monoamniotic twins with inten-
sive inpatient monitoring. Am J Obstet Gynecol 192(1):96-101.
https://doi.org/10.1016/j.ajog.2004.06.037

4. Monomono Working Group (2019) Inpatient vs outpatient man-
agement and timing of delivery of uncomplicated monochorionic
monoamniotic twin pregnancy: the MONOMONO study. Ultra-
sound Obstet Gynecol 53(2):175-183. https://doi.org/10.1002/
uog.19179

5. D’Antonio F, Odibo A, Berghella V, Khalil A, Hack K, Saccone
G, Prefumo F, Buca D, Liberati M, Pagani G, Acharya G (2019)
Perinatal mortality, timing of delivery and prenatal management
of monoamniotic twin pregnancy: systematic review and meta-
analysis. Ultrasound Obstet Gynecol 53(2):166-174. https://doi.
org/10.1002/u0g.20100

6. Shub A, Walker SP (2015) Planned early delivery versus expectant
management for monoamniotic twins. Cochrane Database Syst
Rev 4:008820. https://doi.org/10.1002/14651858.CD008820.pub2

7. LewiL, DeprestJ, Hecher K (2013) The vascular anastomoses in
monochorionic twin pregnancies and their clinical consequences.
Am J Obstet Gynecol 208(1):19-30. https://doi.org/10.1016/].
2jog.2012.09.025

8. Post A, Heyborne K (2015) Managing monoamniotic twin preg-
nancies. Clin Obstet Gynecol 58(3):643—653. https://doi.org/10.
1097/grf.0000000000000118

9. Khalil A, Rodgers M, Baschat A, Bhide A, Gratacos E, Hecher
K, Kilby MD, Lewi L, Nicolaides KH, Oepkes D, Raine-Fenning
N, Reed K, Salomon LJ, Sotiriadis A, Thilaganathan B, Ville Y
(2016) ISUOG practice guidelines: role of ultrasound in twin
pregnancy. Ultrasound Obstet Gynecol 47(2):247-263. https://
doi.org/10.1002/uog.15821

10. Ishii K (2015) Prenatal diagnosis and management of monoamni-
otic twins. Curr Opin Obstet Gynecol 27(2):159-164. https://doi.
org/10.1097/gc0.0000000000000160

11. Baxi LV, Walsh CA (2010) Monoamniotic twins in contemporary
practice: a single-center study of perinatal outcomes. J Matern


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/pd.5705
https://doi.org/10.1002/pd.5705
https://doi.org/10.1002/uog.19114
https://doi.org/10.1002/uog.19114
https://doi.org/10.1016/j.ajog.2004.06.037
https://doi.org/10.1002/uog.19179
https://doi.org/10.1002/uog.19179
https://doi.org/10.1002/uog.20100
https://doi.org/10.1002/uog.20100
https://doi.org/10.1002/14651858.CD008820.pub2
https://doi.org/10.1016/j.ajog.2012.09.025
https://doi.org/10.1016/j.ajog.2012.09.025
https://doi.org/10.1097/grf.0000000000000118
https://doi.org/10.1097/grf.0000000000000118
https://doi.org/10.1002/uog.15821
https://doi.org/10.1002/uog.15821
https://doi.org/10.1097/gco.0000000000000160
https://doi.org/10.1097/gco.0000000000000160

Archives of Gynecology and Obstetrics (2023) 307:233-239

239

13.

14.

15.

Fetal Neonatal Med 23(6):506-510. https://doi.org/10.3109/14767
050903214590

Van Mieghem T, De Heus R, Lewi L, Klaritsch P, Kollmann M,
Baud D, Vial Y, Shah PS, Ranzini AC, Mason L, Raio L, Lachat
R, Barrett J, Khorsand V, Windrim R, Ryan G (2014) Prenatal
management of monoamniotic twin pregnancies. Obstet Gynecol
124(3):498-506. https://doi.org/10.1097/a0g.0000000000000409
Madsen C, Sggaard K, Zingenberg H, Jgrgensen FS, Rosbach H,
Hoseth E, Pedersen LH, Petersen OB (2019) Outcomes of mono-
amniotic twin pregnancies managed primarily in outpatient care-a
Danish multicenter study. Acta Obstet Gynecol Scand 98(4):479—
486. https://doi.org/10.1111/a0gs.13509

Hack KE, Derks JB, Schaap AH, Lopriore E, Elias SG, Arabin
B, Eggink AJ, Sollie KM, Mol BW, Duvekot HJ, Willekes C,
Go AT, Koopman-Esseboom C, Vandenbussche FP, Visser GH
(2009) Perinatal outcome of monoamniotic twin pregnancies.
Obstet Gynecol 113(2 Pt 1):353-360. https://doi.org/10.1097/
AOG.0b013e318195bd57

Murgano D, Khalil A, Prefumo F, Mieghem TV, Rizzo G, Hey-
borne KD, Melchiorre K, Peeters S, Lewi L, Familiari A, Lop-
riore E, Oepkes D, Murata M, Anselem O, Buca D, Liberati M,
Hack K, Nappi L, Baxi LV, Scambia G, Acharya G, D’Antonio F
(2020) Outcome of twin-to-twin transfusion syndrome in mono-
chorionic monoamniotic twin pregnancy: systematic review and
meta-analysis. Ultrasound Obstet Gynecol 55(3):310-317. https://
doi.org/10.1002/uog.21889

16.

17.

18.

19.

Umur A, van Gemert MJ, Nikkels PG (2003) Monoamniotic-
versus diamniotic-monochorionic twin placentas: anastomo-
ses and twin-twin transfusion syndrome. Am J Obstet Gynecol
189(5):1325-1329. https://doi.org/10.1067/s0002-9378(03)
00811-1

Lopriore E, Slaghekke F, Middeldorp JM, Klumper FJ, van Lith
M, Walther FJ, Oepkes D (2011) Accurate and simple evaluation
of vascular anastomoses in monochorionic placenta using colored
dye. J Vis Exp 55:€3208. https://doi.org/10.3791/3208
Mieghem TV, Shub A (2019) Management of monoamniotic
twins: the question is not “where?”, but “how?” Ultrasound Obstet
Gynecol 53(2):151-152. https://doi.org/10.1002/uog.20203
Buca D, Di Mascio D, Khalil A, Acharya G, Van Mieghem T,
Hack K, Murata M, Anselem O, D’Amico A, Muzii L, Liberati M,
Nappi L, D’Antonio F (2022) Neonatal morbidity of monoamni-
otic twin pregnancies: a systematic review and meta-analysis. Am
J Perinatol 39(3):243-251. https://doi.org/10.1055/s-0040-17144
20

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.3109/14767050903214590
https://doi.org/10.3109/14767050903214590
https://doi.org/10.1097/aog.0000000000000409
https://doi.org/10.1111/aogs.13509
https://doi.org/10.1097/AOG.0b013e318195bd57
https://doi.org/10.1097/AOG.0b013e318195bd57
https://doi.org/10.1002/uog.21889
https://doi.org/10.1002/uog.21889
https://doi.org/10.1067/s0002-9378(03)00811-1
https://doi.org/10.1067/s0002-9378(03)00811-1
https://doi.org/10.3791/3208
https://doi.org/10.1002/uog.20203
https://doi.org/10.1055/s-0040-1714420
https://doi.org/10.1055/s-0040-1714420

	Perinatal outcome in monoamniotic twin pregnancies during a 10-year period: a single center, descriptive study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Statistical analyses
	Ethical approval

	Results
	Discussion
	Conclusions
	References




