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SUMMARY 

Presently ART contributes to more than 1% of all infants born in developed countries. The 
rate of multiple pregnancy can be as high as 19.9-43.6%, pointing to the ever increasing 
prevalence of multiples (especially twins) among ART births. 

The potential pregnancy loss of singletons and twins, as well as early spontaneous 
reduction of one embryo in a twin pregnancy, is well known. Apparently, in gestations 
conceived by ART, twins have an advantage over singletons, in terms of early pregnancy loss, 
as they have a two to five times lower miscarriage rate of the entire pregnancy compared to 
singletons.  The explanation for this phenomenon remains unclear. Adding up to this 
uncertainty, the literature addressing the prognosis of early twin gestations resulting from 
ART is also scarce. 

The mechanisms behind implantation and placentation are complex. Estradiol (E2) and 
human chorionic gonadotropin (hCG) are temporarily secreted in large amounts and present 
at the fetomaternal interface, being excellent candidates to be involved in trophoblast 
differentiation.  

There are no published data on the early hemodynamics of twins, and just a few available 
in singletons, during early pregnancy, using three–dimensional (3D) power Doppler 
angiography. This method can obtain the whole placenta volume and assess intervillous and 
uteroplacental circulation, during the first trimester of gestation, with good reproducibility. 

The main goal of this thesis was to evaluate implantation/placentation characteristics in 
ART pregnancies, during the first trimester, using both biochemical and ultrasound markers, 
in order to predict pregnancy outcomes and explain the advantage of twins over singletons, 
in terms of early pregnancy loss. Four studies were conducted. 

In Chapter 3 we present the investigation on whether the combination of ultrasound 
evaluation at 6 weeks´ gestation with serum β-hCG levels at 13 days after embryo transfer 
could predict pregnancy outcomes in singleton and twin pregnancies. 

In Chapter 4 a comparison of β-hCG and estradiol levels in singletons and twins and the 
evaluation of whether any differences found could contribute to a better prognosis in twins 
versus singletons is presented. 

In Chapter 5 we present a comparison of conventional 2D ultrasound measurements,  
volumes and 3D power Doppler indices, in singletons and twins, to further explore the 
reason for the lower miscarriage rate of the entire pregnancy observed in twins. 

In Chapter 6 we present the assessment of possible correlations between the biochemical 
markers and ultrasonographic measurements described above and the evaluation of 
whether any differences found could have a role on the better prognosis of twins versus 
singletons. 

We conclude that in pregnancies following ART, ultrasound at 6 weeks´ gestation 
combined with serum β- hCG level at 13 days after embryo transfer might predict pregnancy 
outcome in singleton and twin pregnancies. 

Twins were found to have a larger placental volume and a more than 2-fold increase in 
serum levels of β-hCG and estradiol, than singletons. A positive correlation between 



 
 

XXII 
 

placental volume and estradiol was found. The observation of higher serum levels of 
estradiol in twins, expectantly produced by a larger placental mass, might explain their 
advantage over singletons, in respect to miscarriage rate in the first trimester. This could be 
anticipated considering their influence in vascular resistance, immune tolerance and other 
possible unknown mechanisms that should be addressed in further studies. 

Although some of our conclusions are conjectural, it nonetheless appears that the 
different serum hormone levels (estradiol and β-hCG), placental volume, vascular density 
and blood perfusion in the intervillous space in twins could explain the better prognosis of 
twins over singletons. 

 These are one of the few pioneering studies addressing this issue and, therefore, more 
studies and larger database are required to establish the cause for better prognosis of twins 
over singletons in respect to miscarriage rate in the first trimester.  
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RESUMO 

Atualmente, as técnicas de reprodução medicamente assistida são responsáveis por mais 
de 1% do total de nascimentos que ocorrem nos países desenvolvidos. Nestes, a prevalência 
de gestação múltipla é alta, variando entre 19.9% e 43.6%, evidenciando o aumento do 
número de partos múltiplos (especialmente gemelares). 

É bem conhecido o risco de perda embrionária em gestações únicas e gemelares, bem 
como o da redução embrionária espontânea nas gestações gemelares. Aparentemente, nas 
gestações resultantes de reprodução medicamente assistida, as gestações gemelares têm 
vantagem em relação às gestações únicas, em termos de abortamento precoce, 
apresentando uma taxa de perda total de gravidez duas a cinco vezes menor. A explicação 
para este fenómeno não é conhecida. Associada a esta incerteza, a literatura que avalia o 
prognóstico das gestações gemelares precoces, resultantes de reprodução medicamente 
assistida, é escassa. 

Os mecanismos que estão na base da implantação e placentação são complexos e mal 
compreendidos. 

O estradiol e a gonadotrofina coriónica humana (hCG) são temporariamente segregados 
em grandes quantidades e estão presentes na interface feto materna, sendo excelentes 
candidatos  para desempenharem o seu papel fisiológico na diferenciação do trofoblasto. 

Não existem na literatura estudos hemodinâmicos na gestação gemelar precoce e apenas 
estão disponíveis alguns, em gestações únicas, recorrendo à angiografia power Doppler 
tridimensional (3D). Este método permite avaliar, com boa reprodutibilidade, o volume total 
da placenta bem como as circulações intervilosa e uteroplacentária, durante o primeiro 
trimestre da gestação. 

O principal objetivo desta tese foi avaliar as características de implantação/placentação 
nas gravidezes resultantes de reprodução medicamente assistida, durante o primeiro 
trimestre, através de marcadores bioquímicos e ecográficos, de modo a prever o desfecho 
das gravidezes e explicar a vantagem das gestações gemelares em relação às gestações 
únicas, em termos de abortamento precoce. Efetuaram-se quatro estudos.  

No capítulo 3 apresentamos um estudo que avalia se a combinação da ecografia realizada 
às 6 semanas de gestação com o valor sérico de β-hCG colhida 13 dias após transferência 
embrionária tem valor prognóstico para o desfecho da gravidez, em gestações únicas e 
gemelares. 

No capítulo 4 apresentamos a comparação dos valores séricos de β-hCG e estradiol, em 
gestações únicas e gemelares, e discutimos se as diferenças encontradas podem contribuir 
para o melhor prognóstico das gestações gemelares em relação às gestações únicas. 

No capítulo 5 apresentamos a comparação de medidas ecográficas 2D, volumes e índices 
power Doppler 3D, em gestações únicas e gemelares, para explorar uma possível razão para 
a menor taxa de perda total da gravidez observada nas gestações gemelares. 

No capítulo 6 apresentamos a avaliação de possíveis correlações entre os marcadores 
bioquímicos e medidas ecográficas, acima descritas, e se as diferenças encontradas 
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poderiam explicar o melhor prognóstico das gestações gemelares em relação às gestações 
únicas. 

Concluímos que nas gravidezes resultantes de reprodução assistida, a combinação da 
ecografia realizada às 6 semanas de gestação com o valor sérico de β-hCG colhida 13 dias 
após transferência embrionária tem valor prognóstico para o desfecho da gravidez, em 
gestações únicas e gemelares. 

O volume placentário foi superior nas gestações gemelares. Os níveis séricos de β-hCG e 
de estradiol foram superiores a mais do dobro nas gestações gemelares em relação às 
gestações únicas. Encontrámos uma correlação positiva entre o volume placentário e o valor 
sérico de estradiol. A observação de valores séricos de estradiol mais elevados nas gestações 
gemelares, produzidos previsivelmente por uma massa placentária maior, podem explicar a 
sua vantagem, em relação às gestações únicas, no que respeita à taxa de abortamento, 
durante o primeiro trimestre. Isto pode ser antecipado considerando a influência do 
estradiol na resistência vascular, tolerância imunológica e outros possíveis mecanismos que 
deverão ser avaliados em estudos futuros. 

Apesar de algumas das nossas conclusões serem conjeturas, parece-nos que as diferenças 
dos valores séricos hormonais (estradiol e β-hCG), do volume placentário, da densidade 
vascular e da perfusão no espaço interviloso, encontradas nas gestações gemelares em 
relação às gestações únicas, poderão explicar o melhor prognóstico das gestações 
gemelares. 

 Estes são uns dos poucos estudos existentes nesta área. Mais estudos, com uma base de 
dados maior, serão necessários para estabelecer a causa do melhor prognóstico das 
gestações gemelares em relação às gestações únicas, no que se refere à taxa de 
abortamento no primeiro trimestre. 
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Assisted conception increased dramatically, worldwide, over recent years. Since the first 
live birth resulting from in vitro fertilization (IVF), in 1978, more than 5 million babies were 
born from IVF  (Kissin et al., 2014). According to the most recent report from the  Center of 
Disease Control on Assisted Reproductive Technology (ART), ART contributed to 1.5% of all 
infants born in the United States (Sunderam et al., 2015). In Europe, the percentage of ART 
neonates varied from 0.2% in Lithuania to 6.1% in Denmark  (Calhaz-Jorge et al., 2016). In 
both settings, the rate of multiple pregnancy can be as high as 19.9-43.6%,  pointing to the 
ever increasing prevalence of multiples (especially twins) among ART births (Sunderam et al., 
2015; Calhaz-Jorge et al., 2016). 

Theoretically implantation/placentation in ART pregnancies can be diverse and little is 
known about this important factor that necessarily will have an impact on the course and 
outcome of the pregnancy. 

 

Pregnancy loss in singletons and twins after ART 

The potential pregnancy loss in singletons and twins, as well as early spontaneous 
reduction of one embryo in a twin pregnancy is well known in IVF pregnancies. Pregnancy 
loss rate in singletons is reported to be around 18.1-25.8%, whereas in twins complete 
pregnancy loss occurs in 2.5-11.5% (Tummers et al., 2003; La Sala et al., 2004; Zegers-
Hochschild et al., 2004; Lambers et al., 2007; Matias et al., 2007a, 2007b).  The spontaneous 
reduction of one embryo or fetus in a twin pregnancy, during the first trimester, the 
vanishing twin phenomenon, is rather variable ranging from 12,0 to 26.8% (Dickey et al., 
2002; Tummers et al., 2003; La Sala et al., 2004; Zegers-Hochschild et al., 2004; Lambers et 
al., 2007). Twin gestations appear to have an advantage over singletons conceived by ART, in 
terms of early pregnancy loss. Indeed, ART twins have a two to five times lower miscarriage 
rate of the entire pregnancy compared to singletons  (Tummers et al., 2003; La Sala et al., 
2004; Zegers-Hochschild et al., 2004; Lambers et al., 2007; Matias et al., 2007a, 2007b). Also, 
the incidence of loss per gestational sac in multiple pregnancies is also much lower 
compared to singleton pregnancies (11% versus 18,5-21,8%, respectively) (Tummers et al., 
2003; Lambers et al., 2007). 

Apparently this was unrelated to maternal age, mode of assisted conception i.e., IVF vs, 
intracytoplasmic sperm injection (ICSI) number of transferred embryos or embryo quality at 
the time of transfer (La Sala et al., 2004). 

The explanation for this phenomenon is unclear. Zegers-Hochschild and co-workers  
suggested that women with high reproductive efficacy exposed to ART generate cohorts of 
good quality embryos with a higher chance of implantation, having multiple gestations 
(Zegers-Hochschild et al., 2004). Miró  proposed a model of assistance between embryos, 
restricted to the first trimester of development, meaning that embryos, that would fail as 
singletons, survive when implanted along with a competent  sibling (Miró et al., 2012). 
Torsky, using a mathematical model, also suggested synergism of transferred embryos 
(Torsky et al., 2005).  Matorras hypothesized a “collaborative model” by which the 
implantation probability of each embryo is increased by 22% for every embryo previously 
implanted and this could be related to the embryonic-endometrial dialogue that could 
regulate endometrial receptivity and improve chances of implantation of the rest of the 
embryos (Matorras et al., 2005). Glujovsky also advocated that embryonic synergism may 
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influence sustained implantation by improving the local environment for implantation and 
promoting a more favorable environment for embryonic maintenance and growth (Glujovsky 
et al., 2007). Lambers suggested that multiple implantation at six weeks is predominantly 
determined by embryo quality but, beyond the 6th week, pregnancy is more dependent on 
the combination of genetic and developmental potential of the embryo(s) and an optimal 
uterine milieu (Lambers et al., 2007). 

 La Sala, Matias and their co-workers hypothesized that higher levels of placental 
hormones produced by a larger placental mass, in twin gestations, might confer advantage 
to twins over singletons (La Sala et al., 2004; Matias et al., 2007a, 2007b) . 

 

How does implantation/placentation occur? 

Implantation and subsequent placentation are expectantly essential for a successful 
pregnancy.  

Placenta is the least understood human organ despite its crucial role in the health of 
pregnant woman and her fetus (Guttmacher et al., 2014). It mediates maternal and fetal 
transport of gas, nutrients, and waste during pregnancy. It also functions as a barrier to 
protect the fetus from becoming infected and being rejected, and it produces hormones that 
maintain normal pregnancy (Cross, 1998). 

The mechanisms behind implantation and placentation are complex and the 
determinants for their success are not entirely known. Successful implantation requires 
three key factors: an embryo competent to implant, a receptive endometrium and a 
successful dialogue between the two. This crosstalk is mediated by different humoral factors 
such as cytokines, growth factors and hormones. Implantation is a multistep event that 
consists of opposition and attachment of the blastocyst to the endometrium followed by 
invasion of the outer trophoblast cells of the embryo into the endometrium eventually 
establishing placentation (Fig.1,2). 

 

 

 

 

 

 

 

 

 

Figure 1. Implantation (Source: Mescher, AL. Junqueira´s 
Basic Histology: text and atlas, Lange, 2013. Available 
from: www.acessmedicine.com) 



  Chapter 1. Introduction      

29 
 

 

 

 

Figure 2. Implantation with deep invasion (Source: Allen C. Enders. Implantation of the blastocyst in 
the human. Available from: www.trophoblast.cam.ac.uk/Resources/enders) 

 

 

 The trophoblast cells proliferate and differentiate along two pathways: the villous 
trophoblast pathway in which fusion of the cytotrophoblast cells forms a large 
multinucleated villous syncytiotrophoblast (Fig. 3A), and the extravillous trophoblast 
pathway.  Initially, the syncytiotrophoblast layer invades deeply the endometrium and 
erodes vessels and glands, forming lacunae filled with maternal blood and endometrial fluids 
that nurture the embryo, initially by diffusion (Fig 3A). These lacunae soon become confluent 
and form the intervillous space. Around two weeks after implantation, extensions of 
proliferating cytotrophoblast cells evaginate into the syncytiotrophoblast in various places, 
including lacunae (Fig. 3B). These extensions are the first stage in the development of the 
chorionic villi of the placenta.  

The proliferating trophoblast cells then branch to form secondary and tertiary villi 
(Fig. 3C). The fetal villous system protrudes into the intervillous space resembling inverted 
trees, establishing the uteroplacental circulation (Fig. 4).  

The extravillous trophoblast cells invade the uterine stroma, and eventually remodel the 
maternal spiral arteries providing low resistance, high capacitance vessels (Lunghi et al., 
2007; Evans, 2016) that supply the intervillous space (Fig 3.C).  

This ensures that the developing feto-placental unit receives the necessary blood supply 
and that efficient transfer of nutrients and gases and the removal of wastes can take place. 
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Figure 1. Steps of placenta development A - Fusion of the cytotrophoblast cells forms a large 
multinucleated villous syncytiotrophoblast (PS). Lacunae (L), the ancestor of the intervillous space, 
are formed. B - Proliferative cytotrophoblast cells (CTBs) emanate from the trophectoderm, break 
through the syncytiotrophoblast  and contact the basal plate thereby forming primary villi. 
C - Tertiary villi are built upon migration of extraembryonic mesodermal cells (EM) into the primary 
structures and vascularization. At distal sites, proliferative trophoblast cell columns (CCT) are formed 
which give rise to different invasive extravillous trophoblast subtypes. Interstitial cytotrophoblast 
cells (iCTB) migrate into decidual stroma. Endovascular cytotrophoblast cells (eCTB) migrate into 
spiral arteries and contribute to remodeling within the decidua and the upper part of the 
myometrium. AE, amniotic epithelium;  DF, decidual fibroblast; EB, embryoblast; EM, extraembryonic 
mesoderm; GC, giant cell; ICM, inner cell mass, LUE, luminal uterine epithelium; L, lacunae, pF, 
placental fibroblast; PS, primitive syncytium; pV, placental vessel; SA, spiral artery; TE, 
trophectoderm; UG, uterine gland; uNK, uterine NK cell; UV, uterine vessel; vCTB, villous 
cytotrophoblast. (Source: Knöfler M, Pollheimer J. Human placental trophoblast invasion and 
differentiation: a particular focus on Wnt signaling. Frontiers in Genetics. 2013; 4:190) 

 

Figure 2. Diagram of a section through the human placenta, showing the way the fetal villi project 
into the maternal sinuses (Source: A. C. Fleischer, E. C. Toy, W. Lee, F. A. Manning, R. J. Romero: 
Sonography in Obstetrics and Gynecology: Principles & Practice, 7th Ed. www.accessmedicine.com ) 
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The role of humoral factors in implantation/placentation 

Functional differentiation of villous trophoblast is specifically stimulated by several 
humoral factors such as estradiol (E2), glucocorticoids and human chorionic gonadotropin 
(hCG). Because these hormones are temporarily secreted in large amounts and present at 
the fetomaternal interface (Malassiné and Cronier, 2002), they are excellent candidates to 
be involved in trophoblast differentiation.  

HCG is a glycoprotein produced by the trophoblast, an outer layer of tissue of the 
blastocyst, and later by the syncytiotrophoblast. It can be detected in maternal serum from 
the time of implantation, approximately seven days after fertilization (Evans, 2016). It is the 
major embryonic signal and it is currently used to diagnose pregnancy. Its maximum levels 
are reached between the 9th and 12th week of pregnancy (Schumacher et al., 2013). Its 
main function is stimulating progesterone production by the corpus luteum; hCG has been 
described to facilitate trophoblast invasion, support fetal nutrition through myometrial spiral 
artery angiogenesis (Cole, 2009) and contribute to the recruitment of immune cells to the 
fetal–maternal interface, being a central regulator of pregnancy immune tolerance 
(Schumacher et al., 2013), (Table 1). 

 

 Functions 

HCG Stimulation of progesterone production by the corpus luteum 
Trophoblast invasion 
Myometrial spiral artery angiogenesis    
Central regulator of pregnancy immune tolerance 

Estradiol Promotion of 

 decidualization,  

 blastocyst implantation,  

 trophoblast differentiation, 

 hormone production  
Placental vascular remodeling 
Regulation of human uterine and placental vascular tone 
Contribution to fetal tolerance 

Table 1. Functions of hCG and estradiol in pregnancy. 

 

The prognostic usefulness of early serum hCG has been studied (Heiner et al., 1992; 
Fridström et al., 1995; Glatstein et al., 1995; Bjercke, 1999; Homan et al., 2000; Poikkeus et 
al., 2002; Porat et al., 2007). Multiple pregnancies have significantly higher hCG levels 
compared to singletons, and normal singletons have significantly higher levels compared to 
those that eventually undergo spontaneous abortion or those associated with a poor 
prognosis (Heiner et al., 1992; Fridström et al., 1995; Glatstein et al., 1995; Bjercke, 1999; 
Poikkeus et al., 2002). Although higher initial levels of hCG could predict better outcome, the 
possibility of multiple pregnancy complicates interpretation because a considerable overlap 
exists between hCG levels in singletons and twins.  

Vanishing twins occur mostly in the first seven weeks of gestation (Benson et al., 1993). 
Kelly and co-workers (Kelly et al., 1991) showed that sets with vanishing twins had lower 
levels of hCG compared to normally progressing twins but within clinically accepted normal 
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limits. Sets with vanishing twins had also a slower rise of hCG than normally progressing twin 
pregnancies (Kelly et al., 1991; Brady et al., 2013). 

This reality brings uncertainty and anxiety to the couples regarding outcomes of their 
pregnancies. 

 

 

 

 

 

 

During human pregnancy, estradiol (E2) production is very intense. Maternal E2  rises 
continuously  throughout gestation and the major increase (6.8-fold) occurs within the first 
16 weeks (O´Leary et al., 1991). At first, the corpus luteum is responsible for the secretion 
but, by the end of first trimester, the main origin is the placenta (Järvelä et al., 2008). During 
pregnancy E2 appears to have major roles such as to promote decidualization, blastocyst 
implantation, trophoblast differentiation, hormone production and placental vascular 
remodeling (Gambino et al., 2012), (Table 1). Estradiol also regulates human uterine and 
placental vascular tone (Corcoran et al., 2014). Besides, estrogens have a marked effect on 
the immune system exerting either pro- or anti-inflammatory properties and, thereby, 
contributing to fetal tolerance (Schumacher et al., 2014), Table 1. 

 

 

 

 

 

 

 

The role of three-dimensional power Doppler angiography in the characterization of 
first trimester placental circulation: a qualitative and quantitative evaluation 

Obstetric ultrasound plays an important role in modern antenatal care providing 
important information regarding pregnancy. Doppler ultrasound is a non invasive tool used 
in the assessment of the placental and fetal circulations. 

Conventional two-dimensional (2D) ultrasound has been currently used for the 
morphological evaluation of the fetus. However, the evaluation of the placenta during 
pregnancy, including morphology, anatomy, location, implantation and size is, until recently, 
regarded as the poor man application for this technique. The same yields true for the 
color/power and pulsed Doppler usually restricted to fetal hemodynamic evaluation and pre-
eclampsia screening.  

The literature addressing the prognosis of early twin gestations resulting from 
ART is scarce, hence, a test performed early in pregnancy that could predict 
outcome might prove useful. 

Are there any differences in hormonal production between singletons and 
twins, resulting from ART, during the first trimester? In the case they exist 
might they explain the advantage of twins over singletons in terms of early 
pregnancy loss? 
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More recently, three-dimensional (3D) ultrasound has been used in placental volume 
measurement and with 3D power Doppler angiography the quantitative and qualitative 
assessment of the vascularization  and blood flow of the placenta have been performed 
(Hafner et al., 2002; Mercé et al., 2005, 2009; Nardozza et al., 2009; Rizzo et al., 2009; Júnior 
et al., 2011). There are currently some promising publications about prediction of 
chromosomopathies (Wegrzyn et al., 2005) considering the assessment of placental volume 
and pre-eclampsia, considering the assessment of placental volume and vascular indices 
(Rizzo et al., 2009; Plasencia et al., 2015), during the first trimester. 

However, there are no published data on the hemodynamics of twins, and just a few in 
singletons, during early pregnancy, using 3D power Doppler angiography. This method can 
obtain the whole placenta volume and assess intervillous and uteroplacental circulation, 
during the first trimester of gestation, with good reproducibility (Mercé et al., 2009), (Fig. 5). 

 

 

Figure 3. Placental and subplacental assessment with Virtual Organ Computer-aided Analysis 
(VOCAL). A - Placental volume. B - Subplacental vascularization (Source: Póvoa A.) 
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For evaluation of first trimester placenta in the 3D mode, the region of interest (ROI) is 
positioned over the placenta and subplacental area and their volumes are obtained using a 
sweeping angle according to placental size, between 35° and 90°. Volume acquisition lasts 
about 10 seconds.  The stored volumes are further analyzed using the VOCAL (Virtual Organ 
Computer-aided Analysis) program included in the computer software. The placenta is 
evaluated manually, for its irregular structure, by using the rotational technique in the A 
plane. Applying 9° or 15° steps (the ones with higher intraobserver reproducibility), 20 and 
12 slices are obtained respectively, by outlining the placental thickness (Fig.5.A).  The 
subplacental vascularization assessment is performed by outlining a wide vascular 
subplacental area close to the placenta (Fig.5.B). The results obtained from the 
intraplacental area are considered to represent intervillous circulation, whereas those 
obtained from the subplacental area are considered to represent uteroplacental circulation. 

The VOCAL program automatically calculates the volumes of the placenta and the three 
3D power Doppler indices: vascularization index (VI), flow index (FI) and vascularization flow 
index (VFI), from the intervillous and uteroplacental circulations (Fig.5.B).  The VI is 
expressed as a percentage and measures the number of color voxels in the volume, 
representing the vascular density. The FI is the mean color value in the color voxels, 
indicating the average intensity of blood flow, and is expressed as a whole number ranging 
from 0-100. The VFI is the mean color value in all the voxels within the volume, representing 
both vascularization and blood flow, corresponding to blood perfusion. It is obtained by 
multiplying VI and FI and is expressed as a whole number ranging from 0-100. 

Conventional  Doppler studies in the first trimester have failed to demonstrate abnormal 
blood flow indices in the uteroplacental circulation of pregnancies that subsequently ended 
in miscarriage (Valentin et al., 1996; Alcázar et al., 2000). Jauniaux and coworkers found 
increased intervillous flow in early pregnancy failures (Jauniaux et al., 2003). 

With the use of three-dimensional power Doppler angiography it was found that 
placental volume and intervillous and uteroplacental blood flow increase, throughout the 
first trimester, in normal pregnancies (Mercé et al., 2009). This author also observed that 
intervillous circulation is abnormally increased in early pregnancy failure (Mercé et al., 
2009). 

As there are no published data on the hemodynamics of twins during the first trimester, 
we cannot, until now, establish a comparison, especially between ART twins and singletons. 

 
 
 
 
 
 
 
 
 
 
 
 

Are there any differences in conventional 2D ultrasound measurements,  
volumes and 3D power Doppler indices between singletons and twins, resulting 
from ART, during the first trimester? In the case they exist might they explain 
the lower miscarriage rate of the entire pregnancy observed in twins? 
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The main goal of this thesis was to evaluate implantation/placentation characteristics in 
ART pregnancies, during the first trimester, using the combination of biochemical and 
ultrasound markers, in order to predict pregnancy outcomes and explain the advantage of 
twins over singletons, in terms of early pregnancy loss. 

 

 The following studies were conducted: 

 

1. Investigation of whether the combination of ultrasound evaluation at 6 
weeks´ gestation with serum β-hCG levels at 13 days after embryo transfer could 
predict pregnancy outcome in singleton and twin pregnancies (Chapter 3). 

 

2. Comparison of β-hCG and estradiol levels in singletons and twins and evaluation of 
whether any differences found could contribute to a better prognosis of twins versus 
singletons (Chapter 4). 

 

3. Comparison of conventional 2D ultrasound measurements, volumes and 3D power 
Doppler indices in singletons and twins, to further explore the reason for the lower 
miscarriage rate of the entire pregnancy observed in twins, after ART (Chapter 5). 

 

4. Assessment of possible correlations between the biochemical markers and the 
ultrasonographic measurements, described above, and evaluation of whether any 
differences found could play a role on the better prognosis of twins versus singletons 
(Chapter 6). 
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Abstract 

Objective: To assess the correlation between ultrasonography and biochemical markers, 
during the first trimester, in singleton and twin pregnancies following assisted reproduction 
technologies (ART).   

Methods: We prospectively evaluated 50 singleton and 47 twin pregnancies that 
eventually ended in live births. Patients were recruited from a single ART center with 
standard treatment protocols. We measured serum β-hCG at 13 days after embryo transfer 
as well as β-hCG and estradiol at 8-9 weeks + 6 days. Obstetric ultrasound was performed at 
8-9 weeks + 6 days and evaluated intervillous flow, uteroplacental circulation and uterine 
artery pulsatility (PI) and resistance index (RI) using two-dimensional (2D) ultrasound 
examination. With three-dimensional (3D) ultrasound and 3D power Doppler angiography, 
placental volume and the 3D power Doppler indices: VI, FI and VFI, from the intervillous and 
uteroplacental circulation were calculated. Spearman correlation coefficients were 
calculated to study the association/correlation between the ultrasonographic parameters 
and the biochemical markers described above, birth weight and gestational age at birth. 

Results: No significant differences existed between singletons and twins in respect to 
demographic and cycle characteristics. Several correlations were found in singletons and 
twins between ultrasonographic parameters. Estradiol and placental volume were positively 
correlated in singletons and twins. 

Conclusion: Data confirms a positive correlation between placental volume and estradiol 
pointing to the promising role of the higher serum levels of estradiol, produced by a higher 
placental mass, in twins, in respect to miscarriage rate in the first trimester. This finding 
could explain the influence in vascular resistance, immune tolerance and other possible 
unknown mechanisms, contributing alone or together to a more successful outcome in ART 
twin pregnancies. 

 

Keywords: Assisted reproduction, twins, miscarriage, β-hCG, estradiol, placenta volume, 
3D ultrasound. 
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 Introduction 

Twins resulting from assisted reproduction apparently have an advantage over singletons, 
in terms of early pregnancy loss, with a miscarriage rate of the entire pregnancy two to five 
times lower. [1–6] Along with several attempts to explain this phenomenon, higher levels of 
placental hormones produced by a larger placental mass, in twin gestations, have been 
suggested. [4,5,7] 

 In previous studies from our group we have compared biochemical markers (β-hCG and 
estradiol) [8] and ultrasonographic parameters [9] during the first trimester of ART 
gestations in twins and singletons that eventually were live born. 

In the present study the aim was to assess possible correlations between the biochemical 
markers and ultrasonographic parameters described above, birth weight and gestational age 
at birth and evaluate whether any differences found can have a role on the better prognosis 
of twins versus singletons. 

 

Patients and methods 

Between November 2008 and April 2012, we studied ART (in vitro fertilization or 
intracytoplasmatic sperm injection) pregnancies conceived at the Unit of Reproductive 
Medicine, Hospitalar Center São João. Women with clinical pregnancies (positive heartbeat 
embryos at 7 weeks´ gestation) were invited to participate in the study. We excluded 
monochorionic twins and pregnancies that miscarried. Pregnancies were followed until 
birth. 

We used standard ART stimulation and ovum pick-up protocols. Double embryo transfer 
was performed between days 2 and 5. Vaginal micronized progesterone (600 mg/d) was 
started on the day of oocyte retrieval for luteal support. Serum measurement of β-hCG was 
performed 13 days after embryo transfer. Clinical pregnancy was confirmed by vaginal 
ultrasound scan at 6 weeks’ gestation and repeated at 7 weeks and the number of 
gestational sacs and cardiac activity were recorded. Participants returned between 8-9 
weeks and 6 days for a transvaginal ultrasound and estradiol and β-hCG assays. This one was 
also performed at day 13 after embryo transfer, as routine. Serum estradiol concentrations 
were measured with CMIA (Abbott Laboratories, Abbott Park, IL, USA). The inter- and intra-
assay coefficient of variation was <7% with an assay sensitivity of being of ≤ 10 pg/mL. 
Serum β-hCG concentrations were measured with a chemiluminescent microparticle 
immunoassay (CMIA, Abbott Laboratories, Abbott Park, IL, USA). The inter- and intra-assay 
coefficient of variation was <5% with an assay sensitivity of being <1.2 mIU/L. Ultrasounds 
were performed by a single operator (AP) in B-mode and 3D-mode using the GE Kretz 
Voluson 730/730 Expert systems (GE Kretztechnik GmbH, Zipf, Austria) with a 
multifrequency (3-9 MHz) vaginal probe. 

Initially a two-dimensional (2D) ultrasound examination provided data on fetal heart rate, 
placenta location and umbilical cord insertion. With 2D power Doppler within the placental 
pararenchyma, flow velocity of the intervillous blood flow was recorded. The uteroplacental 
circulation assessment was performed in the subplacental area, in a central zone in the 
opposite side of the umbilical cord placental insertion and pulsatility index (PI) was 
determined. Finally, color Doppler and pulsed wave Doppler were activated and the flow 
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velocity waveforms were obtained from the ascending main branch of the uterine artery on 
both sides of the internal os. Three similar consecutive waveforms of good quality were 
analyzed. The right and left uterine artery pulsatility index (PI) and resistance index (RI) were 
calculated, and the averaged PI and RI were recorded. 

The 3D power Doppler angiography studies were performed as described by Mercé [10]. 
The same power Doppler characteristics were applied to all examinations: normal quality of 
color, color gain of -3.4, pulse repetition frequency of 600Hz, and a 50-Hz wall motion filter. 
The remaining Doppler and sonographic characteristics applied were default settings 
included in the ultrasound equipment. In 3D mode, the region of interest (ROI) was 
positioned over the placenta and subplacental area and their volumes were obtained using a 
sweeping angle of 90°. Volume acquisition lasted about 10 seconds.  The stored volumes 
were further analyzed using the VOCAL (Virtual Organ Computer-aided Analysis) program 
included in the computer software (3D View 2000, version 3.0; GE Medical Systems, Austria). 
Placenta was evaluated manually by using the rotational technique in the A plane. Applying 
9° steps, 20 slices were obtained by outlining the placental thickness. The subplacental 
vascularization assessment was performed by outlining a wide vascular subplacental area 
close to the placenta. The results obtained from the intraplacental area were considered to 
represent intervillous circulation, whereas those obtained from the subplacental area were 
considered to represent uteroplacental circulation. 

The VOCAL program automatically calculates placental volumes and the three 3D power 
Doppler indices: vascularization index (VI), flow index (FI) and vascularization flow index 
(VFI), from the intervillous and uteroplacental circulation. The VI is expressed as a 
percentage and measures the number of color voxels in the volume representing the vessels 
in the tissue, vascular density. The FI is the mean color value in the color voxels, indicating 
the average intensity of blood flow, and is expressed as a whole number ranging from 0-100. 
The VFI is the mean color value in all the voxels within the volume representing both 
vascularization and blood flow, corresponding to blood perfusion. It is obtained by 
multiplying VI and FI and is expressed as a whole number ranging from 0-100.  

Data were collected using the Microsoft Excel® program (Microsoft Corporation, 
Redmond, Washington, USA). Analysis was performed with the Statistical Package for Social 
Sciences version 21.0 (SPSS®, Chicago, IL, USA).  

Student's t-test and Mann-U Whitney test were used to compare parametric and 
non-parametric continuous data, respectively. Fisher´s exact and χ2 tests were used to 
compare categorical data. Spearman correlation coefficients were calculated to study the 
association/correlation between the ultrasonographic parameters and the biochemical 
markers described above, birth weight and gestational age at birth. Significance was set at 
p<0.05. 

All the participants gave written informed consent for participating in the study. The 
study was approved by the local Ethical Committee of the Hospitalar Center São João, Porto, 
Portugal. 
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Results 

One hundred and eight pregnant women accepted to participate in the study (53 
singletons, 55 twins). Five cases with a vanishing twin, four first trimester abortions, and two 
cases with adverse outcomes at the second half of gestation were excluded so, the study 
comprised 50 singleton and 47 twin gestations. A total of 144 neonates were born. All 
women were Caucasians and non-smoking. The mean maternal age was 33 yrs (range 23 to 
40 yrs). 

Mothers of singletons and twins had similar median body mass index (BMI), duration of 
infertility, frequency of primary infertility and endometrial thickness at the day of embryo 
transfer. Complete cycle characteristics, as well as various other hormone levels, were also 
similar (data not shown).  

Several correlations were found between ultrasonographic parameters and biochemical 
markers. 

We found a significant moderate positive correlation in twins between the level of β-hCG 
and the level of estradiol at 8-9 wks + 6 d (ρ=.485). In singletons no correlation was found 
between these levels. 

In singletons we found significant strong positive correlations between intervillous VI and 
VFI (ρ=.891) and between uteroplacental VI and VFI (ρ=.807). Significant moderate positive 
correlations were found between intervillous FI and VFI (ρ=.541) and uteroplacental FI and 
VFI (ρ=.734); between intervillous VI and uteroplacental VI (ρ=.712), between uteroplacental 
VI and intervillous VFI (ρ=.721), between intervillous and uteroplacental FI (ρ=.718) and 
between uteroplacental VFI and intervillous VI (ρ=.591), intervillous FI (ρ=.591) and 
intervillous VFI (ρ=.731). 

In twins we found a significant strong positive correlation between intervillous VI and VFI 
(ρ=.941). Significant moderate positive correlations were found between uteroplacental VI 
and intervillous VI (ρ=.675) and VFI (ρ=.700); between intervillous and uteroplacental FI 
(ρ=.691) and between uteroplacental VFI and uteroplacental VI (ρ=.762) and FI (ρ=.602).  

PI and RI of uterine artery were also significantly strongly positive correlated in singletons 
(ρ=.847) and in twins (ρ=.892). 

Significant low positive correlations were found between estradiol and placental volume 
in both singletons (ρ=.362) and twins (ρ=.386). In singletons estradiol also showed a low 
negative correlation (ρ= -.341) with uteroplacental PI. In twins, β-hCG 8-9wks+6d showed a 
low positive correlation with intervillous FI (ρ=.387) and uteroplacental FI (ρ=.420). 

No significant correlations were found between biochemical parameters and gestational 
age at birth or birth weight, in singletons or twins. 

Significant low positive correlations were found in twins between uteroplacental VI and 
birth weight (ρ=.349) and gestational age at birth (ρ=.344). Uteroplacental VFI also showed a 
significant low positive correlation with gestational age at birth (ρ=.380). 
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Discussion 

Our study demonstrates several correlations between ultrasonographic parameters and 
biochemical markers, in early pregnancy, after assisted reproduction, in singletons and 
twins. 

All the positive correlations between VI or FI and VFI were expected because VFI is the 
product of VI and FI. 

 The positive correlations found between uteroplacental and intervillous indices seem 
logical as a better vascularization (higher number of vessels/higher flow/higher perfusion) in 
the subplacental area, representing the uteroplacental circulation, should also give a better 
intervillous vascularization.  

Estradiol and placental volume were positively correlated in singletons and twins and this 
could be expected as the placenta becomes the dominant source of estradiol around the 8th 
week of gestation. [11] This also explains that larger placental volumes in twins produce 
more estradiol.  

In our previous studies performed in pregnancies resulting from ART, twins were found to 
have a larger placental volume [9] and a more than 2-fold increased serum levels of β-hCG 
and estradiol, than singletons [8]. This study showed a positive correlation between 
placental volume and estradiol, probably because estradiol is produced by the placenta.  

Higher serum levels of β-hCG and estradiol in twins, produced by a larger placental mass, 
might explain their advantage over singletons, in what concerns to miscarriage rate of the 
entire pregnancy following ART. These hormones influence uterine vascularization and 
indirectly support fetal growth. They are also central regulators of pregnancy immune 
tolerance. [12,13] Other mechanisms may explain how these hormones can contribute for 
this advantage.   

The fact of finding a low positive correlation between estradiol and placental volume may 
be explained by the relatively small numbers of cases evaluated. Though our numbers are 
larger than those available in the literature, maybe a larger number would be needed to 
strengthen the trend observed. 

Because no differences existed between of two groups in terms of demographic variables, 
cycle characteristics, and hormone measurements before and during treatment, we assume 
that the different correlations found in singletons and twins are related to the number of 
feto-placental units. 

The strength of the study is the prospective examination of a large number of 
pregnancies coming from a single ART center with standard treatment protocols within a 
narrow gestational age range. Also, biochemical measurements were analyzed in a single 
laboratory thus minimizing inter- and intra-assay variability and ultrasound was performed 
by a single operator, minimizing interobserver variability. The weakness of this study is that 
all pregnancies ended as livebirths and we did not include vanishing twins and miscarriages 
as they had already occurred before the time of analysis thus preventing to relate hormonal 
levels and ultrasound parameters with future loss.  
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Conclusions 

In pregnancies following ART, a positive correlation between placental volume and 
estradiol was found; therefore, the higher serum levels of estradiol in twins, produced by a 
larger placental mass, might explain their advantage over singletons, in respect to 
miscarriage rate in the first trimester, for their influence in vascular resistance, immune 
tolerance and other possible unknown mechanisms that should be addressed in further 
studies. 
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The potential pregnancy loss of singletons and twins, as well as early spontaneous 
reduction of one embryo in a twin pregnancy, is well known in ART pregnancies. 

Twin gestations appear to have an advantage over singletons conceived by ART, in terms 
of early pregnancy loss. Indeed, ART twins have a two to five times lower miscarriage rate of 
the entire pregnancy compared to singletons  (Tummers et al., 2003; La Sala et al., 2004; 
Zegers-Hochschild et al., 2004; Lambers et al., 2007; Matias et al., 2007a, 2007b). The 
explanation for this phenomenon remains unclear. Adding up to this uncertainty, the 
literature addressing the prognosis of early twin gestations, resulting from ART, is also 
scarce. 

The mechanisms behind implantation and placentation are complex. Estradiol and human 
chorionic gonadotropin (hCG) are temporarily secreted in large amounts and present at the 
fetomaternal interface (Malassiné and Cronier, 2002), being excellent candidates to be 
involved in trophoblast differentiation.  

There are no published data on the early hemodynamics of twins, and just a few available 
in singletons, during early pregnancy, using three–dimensional (3D) power Doppler 
angiography. This method can obtain the whole placenta volume and assess intervillous and 
uteroplacental circulation, during the first trimester of gestation, with good reproducibility 
(Mercé et al., 2009).   

 

The main goal of this thesis was to evaluate implantation/placentation characteristics in 
ART pregnancies, during the first trimester, using biochemical and ultrasound markers, in 
order to predict pregnancy outcomes and explain the advantage of twins over singletons, in 
terms of early pregnancy loss. 

 

 The following studies were conducted: 

 

1. Investigation of whether the combination of ultrasound evaluation at 6 
weeks´ gestation with serum β-hCG levels at 13 days after embryo transfer could 
predict pregnancy outcome in singleton and twin pregnancies (Chapter 3). 

 

2. Comparison of β-hCG and estradiol levels in twins and singletons and evaluation of 
whether any differences found could contribute to a better prognosis of twins 
versus singletons (Chapter 4). 

 

3. Comparison of conventional 2D ultrasound measurements, volumes and 3D power 
Doppler indices, in twins and singletons, to further explore the reason for the 
lower miscarriage rate of the entire pregnancy observed in twins, after ART 
(Chapter 5). 
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4. Assessment of possible correlations between the biochemical markers and the 
ultrasonographic measurements, described above, and evaluation of whether any 
differences found could have a role on the better prognosis of twins versus 
singletons (Chapter 6). 

 

Our first study  (chapter 3) confirms that ultrasound at 6 weeks´ gestation combined with 
serum β-hCG level at 13 days after embryo transfer might predict pregnancy outcome in 
singleton and twin pregnancies. 

To our knowledge, this is the first study addressing IVF singleton and twin/vanishing twin 
pregnancy outcomes based on ultrasound at 6 weeks´ pregnancy  combined with early 
β-hCG that provides quantitative probabilities for birth at a given β-hCG level.  

Although serial β-hCG levels are also clinically useful to obtain prognostic information, 
early β-hCG serum level and the 6 weeks ultrasound are obtained routinely in IVF cycles and 
spare the inconvenience involved in repeated blood sampling and unnecessary 
examinations. 

 In our study we used a large sample size, from a single IVF center, with standard 
treatment protocols. Also, β-hCG results were obtained from a single laboratory, thus 
minimizing inter- and intra-assay variability. 

Monochorionic twin pregnancies were excluded because the incidence of monochorionic 
twins resulting from IVF is less than 2% and biochemical markers are significantly lower in 
monochorionic than in dichorionic twins (Prats et al., 2012), which could interfere with the 
prediction calculation.  We did not include ectopic pregnancies or miscarriages before the 6 
weeks ultrasound; therefore our conclusions on β-hCG cut-offs can only be applied in clinical 
singleton or twin pregnancies diagnosed at 6 weeks by ultrasound.  

The risk of miscarriage seen in singleton pregnancies with a β-hCG concentration below 
85 mIU/mL (89% pregnancy loss) and in twin pregnancies with a β-hCG concentration below 
207 mIU/mL (55% vanishing twin and 11% entire pregnancy loss), requires a closer follow up 
with ultrasound during the first trimester because of the risk of a first trimester pregnancy 
loss.   

Undoubtedly, reassuring information alleviates anxiety. Our cut-offs for singletons with 
β-hCG concentration >386 mU/mL (91% chance of a live birth), and for twins with β-hCG 
concentration >768 mU/mL (81% chance of live twin birth and 19% of having a vanishing 
twin) are pretty well reassuring for the respective couples.  

 

Our second study (chapter 4) demonstrates that β-hCG and estradiol levels were more 
than 2-fold increased in twins than in singletons. These findings are in good agreement with 
comparisons of  hCG (rather than β-hCG) levels (Fridström et al., 1995; Glatstein et al., 1995) 
and estradiol levels (Thomas et al., 1998) in ART singletons and twins.    

Our third study (chapter 5) demonstrates that, as expected, placental volume is 
significantly (1.6-fold) larger in twins than in singletons, as early as the first trimester, 
meaning that both first trimester twins enjoy 60% more placental mass and its hormonal 
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production. This observation is in good agreement with the only other comparison of 
placental volumes in singletons and twins (Wegrzyn et al., 2006).   

The larger placental volume in twins corresponds to a larger feto-placental unit (two 
placentas instead of one) and is expected to produce more hormones in the mid-first 
trimester. Our second study (chapter 4) showed a more than 2-fold β-hCG and estradiol 
levels in twins than in singletons. In our fourth study (chapter 6)  estradiol and placental 
volume were positively correlated in singletons and twins, probably because the placenta 
becomes the dominant source of estradiol around the 8th week of gestation (Johnson et al., 
1993). This also justifies the higher estradiol levels in twins, for their larger placental 
volumes.  

Serum hCG and estradiol coordinate and control anatomical modifications associated 
with pregnancy, influence uterine vascularization and indirectly support fetal growth. Serum 
hCG is also implicated in promoting immune tolerance and angiogenesis required for a 
successful pregnancy (Tsampalas et al., 2010) whereas estrogens also have powerful effects 
on immune cells regulating their proliferation, distribution and function (Cao et al., 2014). 
Other mechanisms may explain how these hormones can contribute for this advantage.  

This, in turn, might explain the advantage of twins over singletons in early pregnancy, 
following ART (La Sala et al., 2004; Zegers-Hochschild et al., 2004; Lambers et al., 2007; 
Matias et al., 2007a, 2007b)  and indirectly support the hypothesis that higher maternal 
levels of β-hCG and estradiol in twin pregnancies, produced by a larger placental mass, lead 
to a lower miscarriage rate of the entire pregnancy compared to singletons. 

 

Regarding the comparison of other ultrasonographic measurements between singletons 
and twins, intervillous VI and VFI (2 related measurements) were significantly higher in 
singletons than in twins. Only two other studies, using 3D power Doppler angiography, 
evaluated the intervillous circulation in early pregnancy in singletons (Mercé et al., 2009; 
Júnior et al., 2011). Mercé et al  found that the intervillous blood flow was increased in early 
pregnancy failures and that VI, FI and VFI were significantly higher than in normal gestations 
(Mercé et al., 2009). Accordingly, we may hypothesize that the lower levels of VI and VFI, 
found in twins, represent a protective effect promoting the advantage of twins over 
singletons, during the first trimester. In addition, the vascular density in the intervillous 
space, represented by intervillous VI, as well as the blood perfusion represented by 
intervillous VFI, gradually increase during early normal pregnancies (Mercé et al., 2009). 
Hence, the lower intervillous VI in twins suggests a delayed opening of spiral arteries into the 
intervillous space, in twins. Regrettably, no studies in twins exist to corroborate our 
observations from a narrow gestational age range. It should be noted that the above 
mentioned observations contrast our other observation, namely that there was no 
difference between singletons and twins in the intervillous FIs, the most useful and 
reproducible information about local placental blood flow, in early pregnancy (Filho et al., 
2011; Júnior et al., 2011).  It appears that the similar uteroplacental VI in singletons and 
twins, arising from similar vascular density of the subplacental sample, are in accordance 
with the measurements of Mercé et al (Mercé et al., 2009),  representing the abundance of 
spiral arteries with an active blood flow at this gestational age. 
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Intervillous circulation was recorded in all patients. This is consistent with other studies 
that confirm the early establishment of intervillous circulation in pregnancy (Mercé et al., 
1996, 2009; Valentin et al., 1996; Hafner et al., 2002). 

 We found a significantly higher uteroplacental PI in twins than in singletons. For 
singletons, our values correlate well with other observations (Coppens et al., 1996); 
however, no other data exists for twins. Uteroplacental PI is thought to reflect the 
hemodynamic changes of trophoblast invasion. The higher PI in twins may be explained by a 
delay in remodeling of the spiral arteries as compared to singletons, thus leading to a higher 
resistance in twins.  

Our fourth study (chapter 6) demonstrates several correlations between ultrasonographic 
measurements. All the positive correlations between VI or FI and VFI were expected because 
VFI is the product of VI and FI.  The positive correlations found between uteroplacental and 
intervillous indices seem logical as a better vascularization (higher number of vessels/higher 
flow/higher perfusion) in the subplacental area, representing the uteroplacental circulation, 
should also give a better intervillous vascularization.  

 

In these three studies (chapters 4, 5 and 6) no differences existed between the two 
groups in terms of demographic variables, cycle characteristics, and hormone measurements 
before and during treatment. We assume that the differences found between groups in the 
levels of β-hCG and estradiol, ultrasonographic measurements and their correlations in 
singletons and twins are related to the number of feto-placental units. 

 

One of the strengths of these studies is the prospective examination of a large number of 
pregnancies coming from a single ART center with standard treatment protocols within a 
narrow gestational age range. Also, biochemical measurements were analyzed in a single 
laboratory thus minimizing inter- and intra-assay variability and ultrasound was performed 
by a single operator minimizing interobserver variability.  

The main limitation of these studies is that all pregnancies ended in livebirths for the 
mere fact that miscarriage/vanishing twins had already occurred before the time of 
biochemical and ultrasonographic analysis, preventing to relate hormonal levels and 
ultrasound parameters with future loss. 

 

Conclusions 

In pregnancies following ART, ultrasound at 6 weeks´ gestation combined with serum 
β-hCG level at 13 days after embryo transfer might predict pregnancy outcome in singleton 
and twin pregnancies. 

 

Twins were found to have a larger placental volume and a more than 2-fold increased 
serum levels of β-hCG and estradiol, than singletons. A positive correlation between 
placental volume and estradiol was found. The observation of higher serum levels of 
estradiol in twins, expectantly produced by a larger placental mass, might explain their 
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advantage over singletons, in respect to miscarriage rate in the first trimester. This could be 
anticipated considering their influence in vascular resistance, immune tolerance and other 
possible unknown mechanisms that should be addressed in further studies. 

Although some of our conclusions are conjectural, it nonetheless appears that the 
different serum hormone levels (estradiol and β-hCG), placental volume, vascular density 
and blood perfusion in the intervillous space in twins could explain the better prognosis of 
twins over singletons. 

 These are one of the few pioneering studies addressing this issue and, therefore, more 
studies and larger database are required to establish the cause for better prognosis of twins 
over singletons in respect to miscarriage rate in the first trimester.  
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