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Abstract: Conjoined twins represent a rare type of monoamniotic twins. Ultrasound assessment
during the first trimester can facilitate the diagnosis, however further assessment by colour Doppler
studies, 3D imaging, fetal echocardiography and fetal magnetic resonance imaging (MRI) is usually
required in order to determine the specific fetal abnormalities and to guide appropriate pregnancy
management. This case report presents a rare case of conjoined twins complicating a dichorionic-
diamniotic triplet pregnancy, achieved after intracytoplasmic sperm injection (ICSI) and blastocyst
transfer. A 44-year-old woman was referred for chorionicity determination to our Fetal Medicine
Centre due to suspicion of conjoined twins in a triplet pregnancy. Ultrasound assessment at 11 weeks
demonstrated a dichorionic triplet pregnancy which was also complicated by a rare type of conjoined
twins (thoracoomphalopagus) and after a successful embryo reduction a neonate of 2200 g was
delivered by caesarean section at term. The accurate diagnosis and early detection of conjoined twins
by a fetal medicine specialist is crucial, especially as far as multiple pregnancies with three or more
fetuses are concerned.

Keywords: conjoined; twins; triplet pregnancy; ICSI; ultrasound

1. Introduction

Multiple pregnancies are generally considered high risk pregnancies as they are
associated with various complications and therefore with an increased risk for adverse
perinatal outcomes in comparison to singleton gestations. Nowadays, the prevalence of
multiple pregnancies has increased due to the rising maternal age and the extended use
of assisted reproduction techniques (ART) and twins account for almost 3% of live births.
Regarding prevalence of triplets and higher order multiples, it has been reported to be
about 87.7 per 100,000 births in the United States in 2019 [1]. Notably, prevalence of triplets
and higher order multiples has significantly declined following a peak in 1998 due to the
transfer of fewer embryos and selective termination processes [2].

Conjoined twins (CT) constitute a rare and complex complication of monozygotic
twinning. The incidence of CT is estimated to be 1.5 per 100,000 births worldwide, which is
considerably lower compared to the incidence among on-going pregnancies, due to selective
termination of CT pregnancies, higher spontaneous abortion rates, and higher stillbirth
incidence among CT pregnancies [3]. This entity of uncertain aetiology, if unnoticed early,
implies major complication risks to the pregnancy [4]. Foetuses share a single amniotic
cavity and some of their body parts are fused [5]. This is thought to be a result of the
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separation of the zygote after the 12th day post fertilization [6]. The process by which
monozygotic twins form CT is not well described [7].

The occurrence of conjoined twins in a triplet pregnancy is extremely rare and is also
associated with high perinatal mortality. Despite their rarity, these pregnancies represent a
significant obstetric challenge associated with high perinatal mortality and pose several
diagnostic and managing dilemmas [8].

We present a rare case of CT complicating a dichorionic triplet pregnancy, conceived fol-
lowing intracytoplasmic sperm injection (ICSI) and blastocyst transfer, diagnosed antenatally
by ultrasonography. A review of similar reports is also presented to illustrate the importance
of early prenatal diagnosis and counselling and how it can improve pregnancy outcomes.

2. Case Report

A forty-four-year-old gravida 1 para 0 with unremarkable obstetric and gynaecologic
history underwent an ICSI procedure due to male infertility. Two blastocysts were trans-
ferred and ultrasound examination at 6 weeks revealed a dichorionic diamniotic twin
gestation, with two separate and distinct foetal heartbeats.

At 11 weeks an ultrasound reassessment was scheduled, during which a dichorionic-
diamniotic triplet pregnancy complicated by a set of conjoined twins was diagnosed. The
first amniotic sac contained a single living foetus (triplet A) and foetal size was in accordance
with gestational age. In the second amniotic sac, there were two foetuses (triplets B and C)
fused from the upper thorax down to the abdomen (thoracoomphalopagus) (Figure 1). In
order to offer counselling to the parents regarding postnatal surgical separation options of
the conjoined twins their hearts were examined by a foetal cardiologist. Ultrasound cardiac
examination showed that the embryos B and C appeared fused at their sternum and their
hearts were fused at their atrial level. The heart of embryo C consisted of three chambers
with the left sided atrioventricular valve being atretic and the posterior sided ventricle
being hypoplastic. The heart of embryo B consisted of four chambers and there was a large
ventricular septal defect. It was not possible to visualize the type of the atrioventricular
connection. Two intact aortic arches were visible, one for each embryo (Figures 2–4). Parents
were informed that more discrete anatomic details could be visible after 3–4 weeks and that
due to the cardiac fusion and the presence of the three-chambered heart in embryo C, the
short-term prognosis for both embryos was not favourable.

Following counselling, the parents decided for selective reduction of CT and an
uncomplicated embryoreduction procedure under ultrasound guidance was performed, by
intracardiac potassium chloride injection at 11 weeks and 1 day of gestation.

A follow-up ultrasound examination, performed one week later, confirmed a single
alive embryo and demise of the conjoined twins. At this stage assessment of the risk for
chromosomal abnormalities for the living single foetus was offered to the couple. The
crown-rump length (CRL) of embryo A was 51.5 mm, and the nuchal translucency (NT) was
measured 1.3 mm. Regarding the rest of first trimester ultrasound markers for chromosomal
abnormalities, the nasal bone was present, there was no tricuspid regurgitation and the
flow in ductus venosus was normal. Foetal anatomy was normal for the gestational age
and the risk for Down’s was 1:461. After counselling the parents decided to avoid invasive
testing for chromosomal abnormalities.

During the anomaly scan at 20 weeks and 2 days of gestation, foetal growth was
normal and there were no structural defects or any markers for chromosomal abnormalities.
Ultrasound assessment at 31 weeks of gestation revealed foetal growth on the 10th centile
(1414 g), normal amniotic fluid and foetal Doppler studies. Foetal growth was examined
four weeks later showing consistent growth.

The subsequent course of the gestation was uncomplicated and a healthy neonate,
weighting 2200 g, was born by caesarean section, at 38 weeks and one day of gestation due
to rupture of membranes and parental request. Even though the Apgar scores at the 1st
and at the 5th minutes after birth were 8 and 10 respectively, the neonate showed signs of
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respiratory distress half an hour following delivery and admitted at the neonatal intensive
care unit. The neonate was then discharged after ten days.
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Figure 4. Conjoined twins, longitudinal plane Color Doppler showing fused cardiac structure.

3. Discussion

In this case report we presented a case of CT complicating dichorionic triplet pregnancy
after intracytoplasmic sperm injection (ICSI) and blastocysts transfer. The diagnosis was
achieved during the 10th week of gestation by ultrasound and after embryoreduction of
the CT a healthy neonate was born.

CT represent a rare type of twins, accounting for approximately 1% of monozygotic
twins, and are almost always monochorionic monoamniotic. The embryology of this
anomaly remains uncertain and there are no specific risk factors that have been consistently
associated with this condition. However, a predominance of female cases has been noted as
well as a series of various congenital anomalies which are frequently reported in CT, such
as genitourinary tract and central nervous system (CNS) malformations [2].

A multicentre worldwide study, including a total of 383 sets of CT obtained from
26,138,837 births reported that the prevalence of CT was 1.47 per 100,000 births in total (95%
CI: 1.32–1.62) [2]. In on-going pregnancies, half of the foetuses died in utero while in the
rest of the cases, women delivered usually before term (before 32 weeks), following early
rupture of membranes [9]. According to other estimations, 40% of CT can be stillborn and
one-third can die within 24 h of birth [2]. Prognosis among survivors depends on the type
and degree of conjunction and on the presence or absence of associated congenital anomalies.
Interestingly the worst prognosis affects CT with sharing liver and/or heart [10,11].

CT are categorized, depending on the fused body part or the site of the fusion
as cephalopagus, thoracopagus, omphalopagus, ischiopagus, parapagus, craniopagus,
rachipagus, and pygopagus. The most common type appears to be the thoracopagus type
showing a 42% predominance [2]. Collins et al., reported that the vast majority of thoraco-
pagus twins are complicated with major congenital heart disease (94.4%) mainly associated
with single-ventricle pathology [12]. The outcome of thoracopagus twins with conjoined
hearts remains poor due to failure of separating conjoined and single ventricles [13].
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Before the implementation of ultrasound in clinical practice, CT were usually diag-
nosed at delivery usually following dystocia. Tan et al. reported just nine cases of CT
in a triplet pregnancy, published before 1971 [13]. The total perinatal mortality rate was
estimated 89% for the CT and 56% for the normal triplet. Furthermore, the preterm delivery
rate before 32 weeks was 50% [13].

Due to the increasing use of ultrasound, CT can be now diagnosed during the first
trimester assessment. Criteria for ultrasonographic diagnosis of CTs include the existence
of inseparable bodies, the absence of a separating amniotic membrane, the as well as the
absence of change in relative positions on repeated examinations. Other criteria include an
unusual proximity of the foetuses and the existence of oligohydramnios which occur in
50–76% of cases. During the anomaly scan at 20 weeks, location and extent of the conjoined
foetal structures can be accurately defined and additional imaging studies facilitate further
assessment [2,11].

Prenatal ultrasound diagnosis is not always easy for the diagnosis of CT in the first
trimester and both false positive and false negative diagnoses have often occurred. Despite
the repeated and careful transvaginal ultrasonography, distinction between anatomical
parts of the foetuses seems to be difficult. Although first-trimester diagnosis of conjoined
twins is now a realistic option, there is a high rate of false-positive diagnosis, when scanning
is performed before the 10th week of gestation [8]. Conjoined twins may be misdiagnosed
with monoamniotic twins, lymphangioma, teratoma, and/or neoplasm [9].

Apart from two-dimensional (2D) ultrasound, colour Doppler, three-dimensional
(3D) ultrasound, foetal echocardiography, and MRI may facilitate CT diagnosis, detailed
characterization of the fused part, and associated anatomic anomalies. Colour Doppler
usually reveals details of the blood circulation and echocardiography is mandatory in all
cases. When necessary, further evaluation with foetal 3D ultrasound can play a vital role to
simplify accurate diagnosis of these twins and allow a clearer depiction of their anatomy.
3D ultrasound potentially supplies the clinicians with valuable information for the decision
making, regarding the obstetric management, as it enables accurate prenatal visualization
of the fusion site and reveal the extent and severity of the malformations [7,12,14,15]. In
contrast, Pajkrt and Jauniaux support that 3D imaging does not improve on the diagnosis
achieved using 2D ultrasound, as the additional practical medical information is really low,
compared to the 11–14 weeks ultrasound examination [9]. MRI should be considered as an
alternative for prenatal characterization of structural anomalies, since there is no evidence
that MRI is associated with any risk to the developing foetus [10,16]. CT should be referred
to specialized centres for detailed foetal anomaly and echocardiographic assessment to
evaluate prognosis [17].

With regard to pregnancies achieved with the use of ART, multifoetal multichori-
onic pregnancies are quite common [18]. These pregnancies require early and repeated
ultrasonographic evaluation, to detect implantation, foetal cardiac function, or ectopic
pregnancies [19]. Given the opportunity, chorionicity can be diagnosed with accuracy,
providing the clinicians with valuable information for the following obstetric care of these
pregnancies [20–23]. Recent data suggest that the rate of monozygotic twinning is increased
when using ART, especially when blastocysts are transferred, but the risk for CT has not
been evaluated after ART [24–26].

Several attempts have been made to identify potential risk factors for CT among
pregnancies conceived by ART [27–31]. Hirata et al., reviewed 9 cases of CT, complicating
triplet or quadruplet pregnancies conceived after ART [32]. Most of them used assisted
hatching or ICSI, indicating that there is a need for more detailed investigation and accurate
evaluation of such cases. It has been proposed that, manipulation of the zona pellucida, is
a predisposing factor for conjoined twins [32–34]. Additionally, delayed blastocyst-stage
transport, delayed implantation, in vitro culture condition, culture time, and the manip-
ulation of the egg have been commonly proposed to be associated with monochorionic
and conjoined twins [35–37]. During hatching, embryos may be trapped in a gap in the
zona pellucida [38]. The twins can continue to develop when the inner cell mass splits in
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half. If the trophoblast does not also split, but remains intact, this results to the formation
of monochorionic mono-amniotic twins. If there is also incomplete separation of the inner
cell mass, this probably leads to the formation of conjoined twins [20]. Another hypothesis
proposes incomplete cleavage of the embryonic disk at 13–15 days after conception as pos-
sible mechanism for the formation of CT [2,13]. Finally, incomplete fusion of two embryos
could result to a CT phenotype [39]. Despite all these hypotheses regarding CT aetiology,
no obvious genetic, environmental or demographic predisposition has been identified [22].

Early diagnosis of CT during the first trimester ultrasound scan allows parental
counselling regarding management options, which is important especially in triplet or
higher order pregnancies and pregnancies after ART that are considered as “precious
baby” pregnancies [8,13]. Selective termination of the CT aims to prevent mortality or
serious morbidity of the healthy foetus mainly due to preterm birth [14]. The procedure,
however, is associated with a miscarriage rate up to 10% [7]. In case of monochorionic
triplet pregnancy, cord occlusion by laser ablation of the single umbilical cord is preferable,
compared to intracardiac potassium chloride injection. Placental vascular anastomoses
between the normal foetus and the conjoined twins in such cases increase the risk of
subsequent death or neurological complications in the survivor foetus [14]. Referral to an
experienced centre should follow CT diagnosis. The multidisciplinary team should involve
maternal foetal medicine, paediatric surgery, neonatology, and radiology specialists. Since
these pregnancies are extremely rare, management is mainly based on clinical experience,
expert opinion, and published data from case reports and small series.

Sepulveda et al., has reviewed the literature, in order to identify cases of conjoined
twins in triplet pregnancies and investigated the impact of early diagnosis on the prognosis
of the non-conjoined triplet [8]. The majority of these cases (6 out of 10) were classified
as dichorionic and regarding conjoining the most frequent type was thoracopagus [17].
In order to be in position to offer treatment options, the certainty in the diagnosis of
different chorionicity is a precondition. Based on clinical experience, to decrease the
possible negative outcome rates, an early decision and early treatment are required. In
addition, the gestational age at delivery is greater with early procedures as compared with
interventions made later [17]. When selective termination of monochorionic conjoined
twins by intracardiac potassium chloride injection into the conjoined twins’ heart is carried
out, there is an increased risk for unintended death even of the healthy triplet [19,20]. On
the contrary, early selective termination in dichorionic gestations resulted in term delivery
of the healthy triplet [7,20]. This is a strong indication that early (preferably first trimester)
and accurate determination of chorionicity, is crucial for the decision of the optimum
management in such cases [21].

In order to identify other reported cases of CT in triplet pregnancies after ART, we
performed an extensive PubMed search of the literature in English. A list of keywords in-
cluding “conjoined twins,” “triplet pregnancy,” “monochorionic”, “dichorionic diamniotic,”
“multiple pregnancy”, “IVF”, “ART” and “ICSI” was used in our search algorithm. The
following details have been recorded for each case and are presented in Table 1: country
of origin, maternal age, gravity and parity status, chorionicity and amnionicity of triplets,
whether selective termination was performed, and pregnancy and neonatal outcomes. To
the best of our knowledge, 10 cases of triplet pregnancies with conjoined twins after ART
have been previously reported in the literature: five cases with IVF, one with ovulation
induction, and four cases with ICSI [14,21,32,40–46]. Seven out of the ten cases described
thoracoomphalopagus CT, 2 omphalopagus CT, and only one case of thoracopagus CT was
described. Interestingly, Talebian et al. and Yuan et al. described monochorionic diamniotic
(MCDA) CT [43,45].
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Table 1. Reported cases of triplet pregnancy with conjoined twins after assisted reproduction techniques.

Case No. Authors Country Age Gravity Parity Treatment Triplet Type Type of
Conjoining

Gestational
Age at

Diagnosis

Selective
Termination Result No. of

Newborns

1
Skupski et al.,

1995
[40]

USA 35 NS 2 IVF DCDA Thoraco-
omphalopagus 12 weeks + Ongoing pregnancy NA

2
Goldberg et al.,

2000
[14]

Israel 28 1 0 ICSI DCDA Thoraco-
omphalopagus

8 weeks 4
days + Ongoing pregnancy NA

3 Timor-Tritsch
et al., 2000 [41] USA NS NS NS IVF DCDA Omphalopagus 10 weeks + NS 1

4
Charles et al.,

2005
[42]

Australia 20 NS NS IVF DCDA Omphalopagus 10 weeks + Death due to premature delivery at
21 weeks of gestation 0

5 Hirata et al., 2009
[32] Japan 34 1 1 ICSI DCDA Thoracopagus 8 weeks -

Spontaneous cardiac arrest of the CTs at
10 weeks and 3 days of gestation

A male neonate weighing 2792g was born
at 39 weeks of gestation

1

6
Shepherd et al.,

2011
[21]

Canada 32 1 0
Ovulation

Induc-
tion

DCDA Thoraco-
omphalopagus

13 weeks 1
day +

A male neonate weighing 3590g was
delivered vaginally

at 40 of weeks gestation
1

7
Talebian et al.,

2015
[43]

Iran 38 1 0 ICSI MCDA Thoraco-
omphalopagus

12 weeks 2
days +

Selective fetocide performed at 16 weeks
of gestation

All fetuses were spontaneously aborted
0

8 Castro et al., 2017
[44] Brazil 32 NS NS ICSI DCDA Thoraco-

omphalopagus 9 weeks -

Spontaneous cardiac arrest of the CTs at
13 weeks of gestation

A female neonate weighing 2750g was
vaginally delivered at 38 weeks

1

9 Yuan et al., 2017
[45] China 39 3 0 IVF MCDA Thoraco-

omphalopagus 10 weeks - Termination of pregnancy by induced
abortion 0

10 Liu et al.,.2021
[46] China 22 1 0 IVF DCDA Thoraco-

omphalopagus
13 weeks 5

days +
A female neonate weighing 2760g was

delivered by caesarean section
at 37 weeks and 4 days of gestation

1

11
Eleftheriades

et al., 2022
(our case)

Greece 44 1 0 ICSI DCDA Thoraco-
omphalopagus 11 weeks +

A healthy neonate weighting 2200g was
delivered by caesarean section at 38 weeks

and 1 day of gestation
1

NS: non specified, NA: non applicable, MCDA: monochorionic diamniotic, DCDA: dichorionic diamniotic, IVF: in vitro fertilization, ICSI: intracytoplasmic sperm injection.
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4. Conclusions

In multiple pregnancies, determination of chorionicity and amnionicity is essential
for counselling and management. Monochorionic monoamniotic pregnancies should be
thoroughly assessed by ultrasound in order to exclude CT. Early detection and accurate
diagnosis by experts are of outmost importance. When CT complicate a triplet pregnancy,
chorionicity is crucial for the decision on the future obstetric management, as well as the
prognosis for the non-conjoined foetus. In case of diagnosis of different chorionicity, a
selective reduction of the abnormal pregnancy should be offered. Further research in
epidemiology and maternal foetal medicine is necessary to examine the etiologic processes
involved and to determine the pathophysiology of this condition.

Author Contributions: A.E., P.C. and E.T. (Ermioni Tsarna) contributed to writing, D.B. contributed
to editing, and M.E., N.F.V., E.K. and E.T. (Elsa Tsapakis) contributed to the review of the manuscript.
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 parents gave their informed consent for participation
in the study. The study was conducted in accordance with the Declaration of Helsinki, and the
protocol was approved by the Ethics Com-mittee of “EmbryoCare”, Fetal Medicine Unit, Athens, 194
Alexandras Av, 11521, Greece, (9-18/07/20).

Informed Consent Statement: Written informed consent has been obtained from the patient(s) to
publish this paper.

Data Availability Statement: The authors confirm that the data supporting the findings of this study
are available within the article.

Acknowledgments: We are immensely thankful to Dimitrios Hassiakos for providing insight and
expertise that assisted this research as well as for referring this case to our fetal medicine centre.

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

References
1. Osterman, M.J.K.; Hamilton, B.E.; Martin, J.A.; Driscoll, A.K.; Valenzuela, C.P. Births: Final Data for 2020 Figure 1. Live Births

and General Fertility Rates: United States. Natl. Vital Stat. Rep. 2022, 70, 8–9.
2. Mutchinick, O.M.; Luna-Muñoz, L.; Amar, E.; Bakker, M.K.; Clementi, M.; Cocchi, G.; da Graça Dutra, M.; Feldkamp, M.L.;

Landau, D.; Leoncini, E.; et al. Conjoined Twins: A Worldwide Collaborative Epidemiological Study of the International
Clearinghouse for Birth Defects Surveillance and Research. Am. J. Med. Genet. Part C Semin. Med. Genet. 2011, 157, 274–287.
[CrossRef]

3. Aparna, C.; Renuka, I.V.; Sailabala, G.; Nayudamma, Y. Dicephalus Dipus Tribrachius: A Case Report of Unusual Conjoined
Twins. Indian J. Pathol. Microbiol. 2010, 53, 814. [CrossRef]

4. El Khoury, R.S.; Azar, G.B. The Ultrasonographic Prenatal Diagnosis of Conjoined Twins. A Case Report. J. Med. Liban 2010, 58, 18–20.
5. Sebire, N.; Sepulveda, W.; Jeanty, P.; Nyberg, D.; Nicolaides, K. Multiple Gestations. In Diagnostic Imaging of Fetal Anomalies;

Nyberg, D., McGahan, J., Pretorius, D., Pilu, G., Eds.; Lippincott Williams & Wilkins: Philadellphia, PA, USA, 2003; pp. 777–813.
6. Cunningham, F.G.; Leveno, K.J.; Bloom, S.L.; Dashe, J.S.; Hoffman, B.L.; Casey, B.M.; Spong, C.Y. (Eds.) Multifetal Pregnancy. In

Williams Obstetrics; McGraw Hill Medical: New York, NY, USA, 2018; pp. 863–897. ISBN 9781259644320.
7. Mendilcioglu, I.; Simsek, M. Conjoined Twins in a Trichorionic Quadruplet Pregnancy after Ovulation Induction with Clomiphene

Citrate. Fetal Diagn. Ther. 2008, 24, 51–54. [CrossRef]
8. Sepulveda, W.; Munoz, H.; Alcalde, J.L. Conjoined Twins in a Triplet Pregnancy: Early Prenatal Diagnosis with Three-Dimensional

Ultrasound and Review of the Literature. Ultrasound Obstet. Gynecol. 2003, 22, 199–204. [CrossRef]
9. Pajkrt, E.; Jauniaux, E. First-Trimester Diagnosis of Conjoined Twins. Prenat. Diagn. 2005, 25, 820–826. [CrossRef]
10. Tonni, G.; Ventura, A.; Vito, I.; Piana, D.; Bonasoni, M.P.; De Felice, C. Cephalothoracopagus, Janiceps, Disymmetros, Monoom-

phalian Conjoined Twins Undiagnosed until Early Second Trimester. Arch. Gynecol. Obstet. 2011, 283, 387–390. [CrossRef]
11. Winkler, N.; Kennedy, A.; Byrne, J.; Woodward, P. The Imaging Spectrum of Conjoined Twins. Ultrasound Q. 2008, 24, 249–255.

[CrossRef] [PubMed]
12. Collins, R.T.; Weinberg, P.M.; Gruber, P.J.; Sutton, M.G.S.J. Conjoined Hearts in Thoracopagus Twins. Pediatr. Cardiol. 2011, 33,

252–257. [CrossRef] [PubMed]
13. Tan, K.L.; Tock, E.P.C.; Dawood, M.Y.; Ratnam, S.S. Conoined Twins in a Triplet Pregnancy. Am. J. Dis. Child. 1971, 122, 455–458.

[CrossRef] [PubMed]

http://doi.org/10.1002/ajmg.c.30321
http://doi.org/10.4103/0377-4929.72100
http://doi.org/10.1159/000132407
http://doi.org/10.1002/uog.185
http://doi.org/10.1002/pd.1267
http://doi.org/10.1007/s00404-010-1440-2
http://doi.org/10.1097/RUQ.0b013e31818c8858
http://www.ncbi.nlm.nih.gov/pubmed/19060714
http://doi.org/10.1007/s00246-011-0125-3
http://www.ncbi.nlm.nih.gov/pubmed/22271385
http://doi.org/10.1001/ARCHPEDI.1971.02110050125022
http://www.ncbi.nlm.nih.gov/pubmed/5129539


Children 2022, 9, 1549 10 of 11

14. Goldberg, Y.; Ben-Shlomo, I.; Weiner, E.; Shalev, E. First Trimester Diagnosis of Conjoined Twins in a Triplet Pregnancy after IVF
and ICSI: Case Report. Hum. Reprod. 2000, 15, 1413–1415. [CrossRef] [PubMed]

15. Evans, M.I.; Goldberg, J.D.; Horenstein, J.; Wapner, R.J.; Ayoub, M.A.; Stone, J.; Lipitz, S.; Achiron, R.; Holzgreve, W.; Brambati, B.;
et al. Selective Termination for Structural, Chromosomal, and Mendelian Anomalies: International Experience. Am. J. Obstet.
Gynecol. 1999, 181, 893–897. [CrossRef]

16. Zhang, Y.Q.; Wu, L.P.; Wu, L.J.; Chen, G.Z.; Sun, K.; Zhang, Z.F.; Shen, R. Echocardiographic Assessment of Conjoined Twins with
Congenital Heart Disease in Shanghai. Echocardiography 2009, 26, 691–698. [CrossRef]

17. Spencer, R. Anatomic Description of Conjoined Twins: A Plea for Standardized Terminology. J. Pediatr. Surg. 1996, 31, 941–944.
[CrossRef]

18. Berkowitz, R.L.; Lynch, L.; Chitkara, U.; Wilkins, I.A.; Mehalek, K.E.; Alvarez, E. Selective Reduction of Multifetal Pregnancies in
the First Trimester. N. Engl. J. Med. 1988, 318, 1043–1047. [CrossRef] [PubMed]

19. Wapner, R.J.; Davis, G.H.; Johnson, A.; Weinblatt, V.J.; Fischer, R.L.; Jackson, L.J.; Chervenak, F.A.; McCullough, L.B. Selective
Reduction of Multifetal Pregnancies. Lancet 1990, 335, 90–93. [CrossRef]

20. Lipitz, S.; Ravia, J.; Zolti, M.; Achiron, R.; Wolf, Y.; Kazanstein, A.; Goldenberg, M.; Seidman, D.S. Sequential Genetic Events
Leading to Conjoined Twins in a Monozygotic Triplet Pregnancy. Hum. Reprod. 1995, 10, 3130–3132. [CrossRef]

21. Shepherd, L.J.; Smith, G.N. Conjoined Twins in a Triplet Pregnancy: A Case Report. Case Rep. Obstet. Gynecol. 2011, 2011, 235873.
[CrossRef]

22. Rohilla, S.; Dahiya, K.; Rathee, S.; Yadav, R.K.; Dhaulakhandi, D.B. Conjoined Twins in a Spontaneous Trichorionic Quadruplet
Pregnancy: A Case Report. J. Reprod. Med. 2011, 56, 351–355.

23. Huisman, T.A.G.M.; Arulrajah, S.; Meuli, M.; Brehmer, U.; Beinder, E. Fetal MRI of Conjoined Twins Who Switched Their Relative
Positions. Pediatr. Radiol. 2009, 40, 353–357. [CrossRef]

24. Bonilla-Musoles, F.; Raga, F.; Bonilla, F.; Blanes, J.; Osborne, N.G. Early Diagnosis of Conjoined Twins Using Two-Dimensional
Color Doppler and Three-Dimensional Ultrasound. J. Natl. Med. Assoc. 1998, 90, 552. [PubMed]

25. Reddy, U.M.; Filly, R.A.; Copel, J.A. Prenatal Imaging: Ultrasonography and Magnetic Resonance Imaging. Obstet. Gynecol. 2008,
112, 145–157. [CrossRef] [PubMed]

26. Wenstrom, K.D.; Syrop, C.H.; Hammitt, D.G.; Van Voorhis, B.J. Increased Risk of Monochorionic Twinning Associated with
Assisted Reproduction. Fertil. Steril. 1993, 60, 510–514. [CrossRef]

27. Poret, H.; Blanchard, M.; Lemseffer, M.; Royere, D.; Guerif, F. Conjoined Twins after Intracytoplasmic Sperm Injection and
Transfer of a Single Day 2 Embryo: Case Report. Fertil. Steril. 2010, 93, 268.e7–268.e9. [CrossRef] [PubMed]

28. D’Alton, M.E.; Dudley, D.K. The Ultrasonographic Prediction of Chorionicity in Twin Gestation. Am. J. Obstet. Gynecol. 1989, 160,
557–561. [CrossRef]

29. Wood, S.L.; St. Onge, R.; Connors, G.; Elliot, P.D. Evaluation of the Twin Peak or Lambda Sign in Determining Chorionicity in
Multiple Pregnancy. Obstet. Gynecol. 1996, 88, 6–9. [CrossRef]

30. Milki, A.A.; Jun, S.H.; Hinckley, M.D.; Behr, B.; Giudice, L.C.; Westphal, L.M. Incidence of Monozygotic Twinning with Blastocyst
Transfer Compared to Cleavage-Stage Transfer. Fertil. Steril. 2003, 79, 503–506. [CrossRef]

31. Sheiner, E.; Har-Vardi, I.; Potashnik, G. The Potential Association between Blastocyst Transfer and Monozygotic Twinning. Fertil.
Steril. 2001, 75, 217–218. [CrossRef]

32. Hirata, T.; Osuga, Y.; Fujimoto, A.; Oishi, H.; Hiroi, H.; Fujiwara, T.; Yano, T.; Taketani, Y. Conjoined Twins in a Triplet Pregnancy
after Intracytoplasmic Sperm Injection and Blastocyst Transfer: Case Report and Review of the Literature. Fertil. Steril. 2009, 91,
933.e9–933.e12. [CrossRef]

33. Hershlag, A.; Paine, T.; Cooper, G.W.; Scholl, G.M.; Rawlinson, K.; Kvapil, G. Monozygotic Twinning Associated with Mechanical
Assisted Hatching. Fertil. Steril. 1999, 71, 144–146. [CrossRef]

34. Abusheika, N.; Salha, O.; Sharma, V.; Brinsden, P. Monozygotic Twinning and IVF/ICSI Treatment: A Report of 11 Cases and
Review of Literature. Hum. Reprod. Update 2000, 6, 396–403. [CrossRef]

35. Tarlatzis, B.C.; Qublan, H.S.; Sanopoulou, T.; Zepiridis, L.; Grimbizis, G.; Bontis, J. Increase in the Monozygotic Twinning Rate
after Intracytoplasmic Sperm Injection and Blastocyst Stage Embryo Transfer. Fertil. Steril. 2002, 77, 196–198. [CrossRef]

36. Edwards, R.G.; Mettler, L.; Walters, D.E. Identical Twins and in Vitro Fertilization. J. In Vitro Fert. Embryo Transf. 1986, 3, 114–117.
[CrossRef]

37. Cohen, J.; Elsner, C.; Kort, H.; Malter, H.; Massey, J.; Mayer, M.P.; Wiemer, K. Impairment of the Hatching Process following IVF
in the Human and Improvement of Implantation by Assisting Hatching Using Micromanipulation. Hum. Reprod. 1990, 5, 7–13.
[CrossRef]

38. Mercan, R.; Oktem, O.; Salar, Z.; Nuhoglu, A.; Balaban, B.; Urman, B. Conjoined Twins after Intracytoplasmic Sperm Injection and
Transfer of Day-3 Embryos. Fertil. Steril. 2011, 96, e111–e114. [CrossRef]

39. Logroño, R.; Garcia-Lithgow, C.; Harris, C.; Kent, M.; Meisner, L. Heteropagus Conjoined Twins Due to Fusion of Two Embryos:
Report and Review—PubMed. Am. J. Med. Genet. 1997, 73, 239–243. [CrossRef]

40. Skupski, D.W.; Streltzoff, J.; Hutson, J.M.; Rosenwaks, Z.; Cohen, J.; Chervenak, F.A. Early Diagnosis of Conjoined Twins in Triplet
Pregnancy after in Vitro Fertilization and Assisted Hatching. J. Ultrasound Med. 1995, 14, 611–615. [CrossRef]

41. Timor-Tritsch, I.E.; Monteagudo, A.; Horan, C.; Stangel, D.J.J. Dichorionic Triplet Pregnancy with the Monoamniotic Twin Pair
Concordant for Omphalocele and Bladder Exstrophy. Ultrasound Obstet. Gynecol. 2000, 16, 669–671. [CrossRef]

http://doi.org/10.1093/humrep/15.6.1413
http://www.ncbi.nlm.nih.gov/pubmed/10831580
http://doi.org/10.1016/S0002-9378(99)70321-2
http://doi.org/10.1111/j.1540-8175.2008.00854.x
http://doi.org/10.1016/S0022-3468(96)90417-0
http://doi.org/10.1056/NEJM198804213181607
http://www.ncbi.nlm.nih.gov/pubmed/3352698
http://doi.org/10.1016/0140-6736(90)90550-O
http://doi.org/10.1093/oxfordjournals.humrep.a135872
http://doi.org/10.1155/2011/235873
http://doi.org/10.1007/s00247-009-1445-9
http://www.ncbi.nlm.nih.gov/pubmed/9770956
http://doi.org/10.1097/01.AOG.0000318871.95090.d9
http://www.ncbi.nlm.nih.gov/pubmed/18591320
http://doi.org/10.1016/S0015-0282(16)56169-X
http://doi.org/10.1016/j.fertnstert.2009.08.054
http://www.ncbi.nlm.nih.gov/pubmed/19878939
http://doi.org/10.1016/S0002-9378(89)80025-0
http://doi.org/10.1016/0029-7844(96)00094-4
http://doi.org/10.1016/S0015-0282(02)04754-4
http://doi.org/10.1016/S0015-0282(00)01635-6
http://doi.org/10.1016/j.fertnstert.2008.07.1730
http://doi.org/10.1016/S0015-0282(98)00402-6
http://doi.org/10.1093/humupd/6.4.396
http://doi.org/10.1016/S0015-0282(01)02958-2
http://doi.org/10.1007/BF01139357
http://doi.org/10.1093/oxfordjournals.humrep.a137044
http://doi.org/10.1016/j.fertnstert.2011.06.002
http://doi.org/10.1002/(SICI)1096-8628(19971219)73:3&lt;239::AID-AJMG1&gt;3.0.CO;2-N
http://doi.org/10.7863/jum.1995.14.8.611
http://doi.org/10.1046/j.1469-0705.2000.00281.x


Children 2022, 9, 1549 11 of 11

42. Charles, A.; Dickinson, J.E.; Watson, S.; Phillips, N.; Yovich, J. Diamniotic Conjoined Fetuses in a Triplet Pregnancy: An Insight
into Embryonic Topology: Pediatr. Dev. Pathol. 2005, 8, 666–672. [CrossRef]

43. Talebian, M.; Rahimi-Sharbaf, F.; Shirazi, M.; Teimoori, B.; Izadi-mood, N.; Sarmadi, S. Conjoined Twins in a Monochorionic
Triplet Pregnancy after in Vitro Fertilization: A Case Report. Iran. J. Reprod. Med. 2015, 13, 729. [PubMed]

44. Castro, P.T.; Werner, H.; Araujo Júnior, E. First-Trimester Diagnosis of Conjoined Twins in a Multifetal Pregnancy after Assisted
Reproduction Technique Using HDlive Rendering. J. Ultrasound 2017, 20, 85. [CrossRef] [PubMed]

45. Yuan, H.; Zhou, Q.; Li, J.; Zeng, S. Triplet Pregnancy from the Transfer of Two Blastocysts Demonstrating a Twin Reversed Arterial
Perfusion Sequence with a Conjoined-Twins Pump Fetus. Int. J. Gynecol. Obstet. 2017, 137, 196–197. [CrossRef] [PubMed]

46. Liu, H.; Deng, C.; Hu, Q.; Liao, H.; Wang, X.; Yu, H. Conjoined Twins in Dichorionic Diamniotic Triplet Pregnancy: A Report of
Three Cases and Literature Review. BMC Pregnancy Childbirth 2021, 21, 687. [CrossRef]

http://doi.org/10.1007/s10024-005-0009-8
http://www.ncbi.nlm.nih.gov/pubmed/26730249
http://doi.org/10.1007/s40477-016-0235-0
http://www.ncbi.nlm.nih.gov/pubmed/28298949
http://doi.org/10.1002/ijgo.12123
http://www.ncbi.nlm.nih.gov/pubmed/28186636
http://doi.org/10.1186/s12884-021-04165-x

	Introduction 
	Case Report 
	Discussion 
	Conclusions 
	References

