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1. LIST OF ABBREVIATIONS 
 

AOR adjusted odds ratio 
AR  assisted reproduction   
ART assisted reproductive technique  
ß-hCG beta human chorionic gonadotrophin 
BMI body mass index (kg/m2) 
BW birth weight 
CI Cornfield’s 95% confidence interval 
CRL crown-rump length 
DC dichorionic 
DET double embryo transfer 
DNA deoxyribonucleic acid 
DZ dizygotic   
EIM European IVF-monitoring Consortium  
GDM gestational diabetes mellitus 
GS gestational sac 
IUGR intrauterine growth restriction  
IUI intrauterine insemination  
IVF  in-vitro fertilization  
IVF/ICSI in-vitro fertilization/intracytoplasmic sperm injection 
LBW low birth weight 
MC monochorionic 
MZ monozygotic  
NC natural conception 
NICU neonatal intensive care unit  
NIPT non-invasive prenatal testing 
OR odds ratio 
PE preeclampsia 
SGA small for gestational age  
SNP single-nucleotide polymorphism 
T1DM type 1 diabetes mellitus 
US ultrasound 
VLBW very low birth weight 
VT vanishing twin 
VTS vanishing twin syndrome 
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2. SUMMARY 
 

A retrospective cohort study was carried out to reveal the characteristics and the 

perinatal outcome of vanishing twin pregnancies after spontaneous conception and after 

assisted reproductive techniques (ART).  

Vanishing twin (VT) syndrome, defined as the disappearance of one of two embryos 

with the survival of the co-twin during the first trimester, has been known for more than four 

decades. Due to the high and ever growing number of assisted reproductive treatments, the 

incidence of twin pregnancies and thus of vanishing twin syndrome is high. Recent studies have 

only examined vanishing twins after ART, but we hypothesized that there is a difference in 

perinatal outcomes between VT pregnancies, depending on the mode of conception, possibly 

reflecting the potential differences between underlying pathomechanisms.  

Our study consisted of two parts. We initiated the first study to compare obstetric and 

neonatal outcomes between the survivors of VT pregnancies and matched originally singleton 

control pregnancies, and a second study to evaluate whether VT pregnancies after spontaneous 

conception have a more adverse perinatal outcome than those conceived after assisted 

reproductive techniques.  

The study involved 316 VT pregnancies: 81 after in-vitro fertilization/intracytoplasmic 

sperm injection (IVF/ICSI) and 235 after spontaneous conception. Their data were derived from 

databases in a 22-year study period at the Department of Obstetrics and Gynecology, University 

of Szeged, Szeged, Hungary. 

Our results proved that the frequency of VT pregnancies was significantly higher after 

natural conception than after ART. A comparison of VT pregnancies demonstrated a higher rate 

in pregestational and gestational diabetes mellitus (GDM) in IVF/ICSI cases than in 

spontaneously conceived VT pregnancies. Significant differences in the prevalences of 

pregnancies and intrapartum complications, and adverse neonatal outcomes were observed in 

vanishing twins born after IVF/ICSI as compared with those born after implantation without 

medical assistance, suggesting that adverse perinatal outcome in IVF/ICSI VT pregnancies may 

be more related to ART or infertility and underlying chronic diseases. Previous induced 

abortion and second-trimester fetal loss indicated an increased risk of VT pregnancies, while 
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GDM and prematurity of previous pregnancies predicted VT and growth retardation, 

particularly in the spontaneously conceived VT group. 

Diabetes is classically defined as being associated with a higher miscarriage rate. We 

observed a higher recurrence rate of gestational diabetes and increased incidence of 

pregestational and gestational diabetes mostly in IVF/ICSI VT pregnancies, suggesting that 

diabetes may share a pathomechanism with VT. After identifying the causes that lead to 

vanishing twin syndrome, GDM, chronic maternal diseases, advanced maternal age and 

placentation anomalies all represented independent risk factors for VT following IVF/ICSI.  

It can be established that the VT phenomenon was a major prognosticator of intrauterine 

growth restriction for the remaining fetus in VT pregnancies after ART. In conclusion, 

according to our results, VT is quite frequent. VT pregnancies had a lower prevalence and a 

worse perinatal outcome following IVF/ICSI as compared with those of their spontaneously 

conceived counterparts. 

 

3. INTRODUCTION 
 

3.1. Twin pregnancies  
 

 Twins and twinnings as a unique result of human reproduction have been followed with 

interest through the centuries. Twinning is a complex and multifactorial phenomenon, and 

elements of the twinning process during the early human embryonic development are not 

completely understood.  

Twins have always captivated curious investigators and have been the subject of myths, 

but they have also provided an opportunity to understand early human embryonic development.  

From the aspect of development, there are two types of twins, dizygotic (DZ) and 

monozygotic (MZ) twins [1], each with a very different etiology. DZ twinning occurs when two 

separate oocytes are fertilized by two sperm in the same menstruation cycle. MZ twins arise 

when an embryo splits soon after fertilization. MZ twins carry essentially identical genetic 

instructions in contrast with DZ twins, who have the same genetic relationship as ordinary 
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siblings. The mechanism of DZ development is known: two mature follicles release two oocytes 

for fertilization. Despite our familiarity with the mechanisms which lead to separation of the 

cells into two embryos immediately after fertilization, the process for MZ twins is still not fully 

understood. 

Twins are not rare; however, the spontaneous rate of twinning seems to remain rather 

constant over time, about 1–1.5 % in Europe [2]. The constant frequency is characteristic of 

spontaneous MZ pregnancies, but the rate of spontaneous DZ pregnancies due to altered 

environmental factors seems to be slightly elevated [3]. The major factors influencing twinning 

are maternal age, parity, environmental factors and genetic inheritance, but these factors 

basically determine the DZ twinning rate, and not the MZ twinning rate [3]. The invariable 

frequency of MZ pregnancies, independently of maternal characteristics and geographic 

distribution over time, suggests that MZ twins are predominantly determined by genetic 

mechanisms [4].  

Growing infertility, delayed childbearing and the strong demand for assisted 

reproductive techniques have led to an increased rate of DZ twin pregnancies and have been 

cited as the main iatrogenic cause in the past two decades [5]. The latest annual report published 

by the European IVF-monitoring Consortium (EIM) reported 776 556 ART treatment cycles in 

2014, which showed a continuing expansion in number of treatments and resulted in a total of 

170 163 ART infants. Moreover, according to the EIM report, one in 50 European children are 

born after ART treatments and the proportion of twin deliveries is 23.3 % [6]. The frequency 

of twinning is usually expressed as the incidence out of 1000 maternities. Within Europe, 

twinning rates vary between 11 and 20 per 1000 maternities, with the variation being the result 

of DZ twinning rates. MZ twinning rates remain constant at about 4 per 1000 maternities [7]. 

The twin ratio refers to twin live births and does not correlate with the twin conception rate. 

Indeed, twin conception does not necessarily result in twin birth; spontaneous loss could affect 

one or both of the fetuses [8], [9].  

 

 



 
 
 
 

8 

3.2. Spontaneous loss in twin pregnancies (after ART and after natural conception) 
 

 The overall incidence of spontaneous loss rate in the first trimester is about 10–20%, 

irrespective of the mode of conception or the number of embryos [10]. Maternal, fetal and 

iatrogenic factors are responsible for a spontaneous reduction in twin pregnancies. The rate of 

spontaneous loss in twin pregnancies varies widely, between 33 and 62%, and is influenced by 

maternal age, mode of conception and gestational age [11]–[13]. The risk of embryonic loss has 

been reported lower with the appearance of embryonic structure and cardiac activity [14]. The 

true incidence of spontaneous abortion is unknown because many abortions occur before 

pregnancy is clinically recognized, making it more difficult to determine, especially with 

naturally conceived pregnancies. In contrast, pregnancy after ART is diagnosed earlier by 

maternal blood ß-hCG (beta human choriogonadotrophin) level or by transvaginal ultrasound 

because of an increased maternal motivation and demand to follow the long-awaited pregnancy. 

Earlier studies established that the incidence of spontaneous abortion is slightly higher 

after the IVF (in-vitro fertilization) procedure than after natural conception, and the main reason 

is higher maternal age [15], [16]. In a comparison of singleton pregnancies with twin 

pregnancies after IVF/ICSI (in-vitro fertilization/intracytoplasmic sperm injection) treatment, 

the incidence of spontaneous abortion was significantly lower in twin pregnancies. However, it 

increased with maternal age in both groups [10]. The spontaneous loss rate among twin 

pregnancies is determined by chorionicity, with a higher embryonic loss rate found in 

monochorionic (MC) twins compared with dichorionic (DC) twins [17], [18]. 

3.3. Spontaneous loss and survival of the co-twin. Diagnosis, incidence and 
pathomechanism of vanishing twin syndrome 

 

Spontaneous loss in twin gestation with the survival of the “remaining” embryo was 

suggested more than 70 years ago and has been recognized since the advent of sonography [8], 

but the data on the true reduction rate are limited. Improvement of the ultrasound technique 

with better visualization of the early stages of pregnancy has more clearly demonstrated that 

spontaneous selective reduction is rather a frequent event in multiple pregnancies [11]. 

The definition of the vanishing twin phenomenon as an early gestational loss of one twin 

and survival of the co-twin originated from Levi and has not changed since the first description 
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in 1976 [19]. More recently, the term “vanishing twin” implies some uncertainty, described as 

resorption of one of two gestational sacs if both of them were visible before (Figure 1), or, by 

strict criteria, identification of two different gestational sacs with two visible embryos with a 

heart rate before one of them vanishes in the first trimester.  

 

 

 

The etiology of the VT phenomenon remains vague; however, placental degeneration 

[20] and chromosomal abnormality in the vanishing embryo [21] have been confirmed 

pathologically. Other possible causes, including inappropriate implantation, placental 

Figure 1. Vanishing twin pregnancy (gestational sac (GS) 1: live embryo; GS2: empty sac) 
(author’s image) 
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“crowding,” intrauterine bleeding and chronic maternal diseases, have previously been 

suggested [9], [22]–[25].  

The incidence of VT pregnancies varied between 10 and 39% in pregnancies resulting 

from IVF/ICSI [11], [26]–[29]. 

ART increases the potential for twin conception rates and, hence, the incidence of VT 

pregnancies because double embryo transfer (DET) is still the routine and the most widely 

accepted method in most countries [30]. Transfer of one or two intermediate-quality embryos 

has been observed as the ART-bound prognosticator for vanishing twin [31].  

VTS (vanishing twin syndrome) is not unusual; however, despite its importance to 

anxious parents and to the obstetrician, the exact prevalence of VT after spontaneous conception 

has remained unidentified [8], [12], [25]. 

A higher frequency of vanishing can be observed in triplet or multiple pregnancies. In 

one report, the rate of VTS was 36% in twins and 53% in triplets [11]. The vanished embryo is 

also a risk factor for adverse perinatal outcomes, and a similar unfavorable effect can even be 

seen in multiple pregnancies. 

The pathomechanism of the VT phenomenon can be explained by insufficient uterine 

capacity for the development of two placentae or the lack of optimality of the current site on 

the decidualized endometrium for implantation and placentation [8], [25]. Moreover, the 

selection of a higher quality of embryo even with double embryo transfer can improve IVF/ICSI 

success [31], whereas the embryo quality following natural oocyte recruitment is enigmatic in 

spontaneous twin conceptions. Consequently, this may imply that the VT phenomenon has 

different pathomechanisms and prevalences in assisted vs. non-assisted conceptions [32]. 

3.3.1. Characteristics of vanishing twin syndrome 
  

 Identifying VTS with the advanced ultrasound (US) technique and equipment appears 

simple. In spite of the simplicity of the first ultrasound scan, if the vanishing occurs before the 

6th week of pregnancy, it can be a challenge to recognize and differentiate the multiple 

gestational sacs and the VT (Figure 2). It has been noted that spontaneous pregnancy loss 

mainly occurs between 8 and 9 weeks of gestation [12]. The most frequent clinical sign of 
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embryonic loss is light vaginal bleeding, or “spotting”, which has been observed in 15–25% of 

cases [33]. The presence of spotting appears with the vanishing process.  

 

 

 

In VT pregnancies achieved with the IVF/ICSI technique, the disappearing embryo has 

a detrimental effect on the surviving co-twin, leading to intrauterine growth disturbances [10], 

[11], [26]–[29], [34], [35]. The VT phenomenon is also associated with an array of pregnancy 

complications (GDM, pregestational diabetes and hypertensive disorders) and neonatal 

sequelae (cerebral palsy) [28], [35]. 

 

 

 

Figure 2. Identification of VTS with the first routine ultrasound pregnancy scan (author’s image) 
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3.3.2. VTS influence on NIPT (non-invasive prenatal testing)  
 

The ability to detect VT is clinically important because VTS is a potential confounder 

of non-invasive prenatal testing (NIPT) results. The presence of biochemical markers and 

residual cell-free deoxyribonucleic acid (DNA) which are released from the residual trophoblast 

and embryonic tissues of the VT have a significant influence on the risk assessment of 

chromosomal abnormalities in the viable embryo [36], [37].  

Unnoticed DZ vanishing twin can lead to false positive NIPT, bias the results and 

generate incorrect aneuploidity in the co-twin due to undetected residual cell-free DNA. 

Chromosomal abnormalities, mostly aneuploidity, are common in vanishing twins, and the 

available single-nucleotide polymorphism (SNP)-based NIPT method could reduce false 

positive screening results [38]–[40].  

Singleton pregnancies complicated by VTS represent a special entity between singleton 

and twin pregnancies. Controversially, some studies have reported that the obstetric outcome 

of survivors of VT pregnancies after the IVF/ICSI technique is in between those of singletons 

and twins [10], [11], [20], [29], [41], whereas other authors have demonstrated that it is more 

comparable to those of singletons [42]. 

Most of the recent studies only demonstrate results among singleton survivors of VTS 

after IVF/ICSI. Earlier studies have not been analyzed for adverse obstetric or perinatal 

outcomes in VT pregnancies after spontaneous conception or differences in outcomes between 

VT survivors after spontaneous conception or after ART.  

 

4. HYPOTHESIS 
 

We hypothesized that there is a difference in perinatal outcomes between VT 

pregnancies following artificial conception and those following natural conception, possibly 

reflecting the potential differences between underlying pathomechanisms.  
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The aims of the present study were as follows: 

• To determine the incidence of VT pregnancies following spontaneous conception and 

after assisted reproductive techniques.  

• To find the average gestational length at the time of vanishing.  

• To determine whether we should consider VTS as a risk for various pregnancy 

complications or adverse perinatal outcome. 

• To evaluate whether VT pregnancies after assisted reproductive techniques have a more 

adverse perinatal outcome than those after natural conception. 

• To examine whether the impact of the VT phenomenon is the sole contributor to the 

adverse perinatal outcome in IVF/ICSI VT pregnancies. 

• To demonstrate the effect of the IVF/ICSI technique on the VT phenomenon. 

• To collect potential risk factors for VT pregnancies by mode of conception. 

 

5. MATERIALS AND METHODS 
 

This thesis involves two retrospective studies for VT pregnancies.  

In an attempt to prove the hypothesis, we initiated (1) the first study to compare obstetric 

and neonatal outcomes between the survivors of VT pregnancies and matched originally 

singleton control pregnancies and (2) the second study to evaluate whether vanishing twin 

pregnancies after spontaneous conception have a more adverse perinatal outcome than those 

conceived after assisted reproductive techniques.  

The first retrospective case-control study included data on VT pregnancies after 

IVF/ICSI and after spontaneous conception and their matched singleton control pregnancies 

detected between 1 January 1994 and 30 November 2014 at the Department of Obstetrics and 

Gynecology, University of Szeged (Figure 3). The first study included 65 237 singleton 

deliveries, 1563 twins and 306 VT pregnancies. As regards the type of conceptions, 78 VT 

cases resulting from IVF/IVF-ICSI and 228 VT cases were identified from spontaneously 

conceived twin pregnancies.  
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The second retrospective cohort study processed data on VT pregnancies, and perinatal 

and neonatal outcomes for these deliveries from an extended period with two more years after 

IVF/ICSI and after spontaneous conception (between January 1994 and January 2016) in the 

same single center. The vast majority of the assisted reproductive treatments were performed at 

the Center for Assisted Reproduction, Kaáli Institute, Szeged (Figure 4). The second study 

population consisted of 67 827 singleton deliveries, 1941 twins and 316 VT pregnancies. 81 

VT cases resulting from IVF/IVF-ICSI, and 235 VT cases were identified from spontaneously 

conceived twin pregnancies.  

 

67106  
deliveries

1869 
twin 

conceptions

1563 
twin 

pregnancies

1024 twins  
after spontan 

conception

539 twins 
after IVF/ICSI 
conception

306 
vanishing twin 

pregnancies

228 VT 
after spontan 

conception

78 VT 
after IVF/ICSI 
conception

65237 
singleton 
deliveries

Figure 3. Flow chart of the included VT pregnancies in Paper 1 
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Based on Protocol Nos. 14/2013 and 5/2015, the research project was approved by the Ethics 

Committee at the University of Szeged in accordance with the Code of Ethics of the Declaration 

of Helsinki for scientific research involving humans.  

5.1. Inclusion criteria  
 

In the study design, we used the classification for vanishing twin based on Landy’s 

diagnosis. Vanishing twin was diagnosed in cases where two viable embryos with spontaneous 

reduction of one embryo or a single viable embryo and an additional gestational sac with or 

without a nonviable embryo were demonstrated before 14 weeks of gestation [21]. 

5.2. Exclusion criteria 
 

All cases of single fetal loss identified after 14 gestational weeks or pregnancies after 

ovulation induction or intrauterine insemination (IUI) were excluded from the analyses. MC 

twins or singleton pregnancies after artificial fetal reduction were also excluded from both of 

the studies. We excluded VT pregnancies after ovulation induction with Clostilbegyt 

(clomiphene-citrate), insemination or gonadotrophin stimulation without ART because 

stimulation has an indirect effect on VT rate. It has been previously suggested that the 

69768  
deliveries

1941 
twin 

conceptions

1625 
twin 

pregnancies

1066 twins  
after spontan 

conception

559 twins 
after IVF/ICSI 
conception

316
vanishing twin 

pregnancies

235 VT 
after spontan 

conception

81 VT 
after IVF/ICSI 
conception

67827 
singleton 
deliveries

Figure 4. Flow chart of included VT pregnancies in Paper 2 

 



 
 
 
 

16 

spontaneous reduction rate is lower after ovulation induction because of more equal GS 

resulting in ovulation from a cohort of near equal sized follicles [11], [14].  

 

5.3. Data collection  
 

VT cases were identified by a manual systematic search of the entire sonography 

database, which was managed between the 5th and 14th gestational weeks during the study 

periods at our outpatient clinic at the Department of Obstetrics and Gynecology, University of 

Szeged. The data on maternal characteristics, VT pregnancies, neonatal outcomes and matched 

singleton control pregnancies were collected from obstetric and neonatal records. In the first 

study for each VT case, three controls were matched according to the following criteria: 

singleton pregnancies started as singleton gestations achieved by natural conception or 

IVF/ICSI, which were as similar as possible in maternal age, previous gravidity and parity and 

pre-pregnancy body mass index (BMI), and delivered after VT pregnancies in chronological 

order. 

Demographic data, maternal characteristics, and obstetric and neonatal outcomes were 

retrieved from obstetric and neonatal databases and were exported to Microsoft Excel 

(Microsoft Corp., Redmond, WA, USA). Gestational age was established by the day of embryo 

transfer for the IVF/ICSI group and by sonographic measurement of the embryo in the first 

trimester for the spontaneous conception group. Intrauterine growth restriction (IUGR) was 

diagnosed when the growth curve had declined significantly below the 10th percentile, resulting 

in a small fetus for pathological reasons. We defined birth weight as <2500 grams for low birth 

weight (LBW) and <1500 grams for very low birth weight (VLBW). Prematurity was defined 

as delivery at <37 weeks of gestation, and very premature birth was classified as birth at <32 

weeks. The pre-pregnancy BMI registered at the initial visit during prenatal care was calculated 

as body weight (kg) per height (m²). Chronic maternal diseases (e.g. essential hypertension, 

cardiac, autoimmune and endocrine diseases, pre-existing diabetes, and thromboembolic 

diseases) as risk factors for miscarriage were categorized into one variable to better interpret 

the statistical analyses. The demographic and obstetric history data, and prevalence of chronic 

maternal diseases were analyzed. The following antepartum and intrapartum complications 

were examined: gestational diabetes mellitus, type 1 diabetes mellitus (T1DM), preeclampsia 

(PE), chronic hypertension, uterine fibroids, congenital anomalies of the uterus, placental 
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abruption, placenta previa, retained placenta, amount of amniotic fluid, premature rupture of 

the membranes and operative delivery. Neonatal outcome measurements were as follows: 

gestational age, prematurity, birth weight (BW), fetal growth disturbances (IUGR), small for 

gestational age (SGA), LBW, VLBW, 1-, 5- and 10-minute Apgar scores, cord arterial blood 

pH, neonatal intensive care unit (NICU) admission, male sex and congenital abnormalities (see 

Figure 5). 

 

 

 

 

5.4. Statistics 
 

All statistics were calculated using SPSS 22 (SPSS Inc., Chicago, IL, USA). The non-

parametric design of the continuous variables was verified with the Shapiro–Wilk test. VT was 

the major exposure variable. Univariate comparisons between VT pregnancies and controls 

(Paper 1) and between VT pregnancies (Paper 2) both for IVF/ICSI and spontaneously 

conceived pregnancies were assessed with the Mann–Whitney U-probe for continuous 

variables. Categorical variables were compared between the subgroups using χ2 tests, while 

odds ratios (ORs) and Cornfield’s 95% confidence intervals (CIs) were also calculated. The 

resultant ORs for IVF and spontaneous pregnancies were compared with Mantel–Haenszel 

• Age (mean±SD) (years)
• No. of children (mean±SD)
• Pre-pregnancy BMI (kg/m2)
• Weight gain during 

pregnancy
• Smoking during pregnancy
• Chronic maternal diseases
• Uterine fibroids
• Congenital anomalies of the 

uterus
In previous pregnancies:
• Miscarriage in first trimester
• Termination of pregnancies 

in first trimester
• Fetal loss in second 

trimester
• Preterm birth
• GDM
• IUGR
• Hypertensive disorders

• Gestational age (mean±SD) 
(weeks)

• Preterm birth (<37 weeks)
• Birth weight (mean±SD) (g)
• IUGR /SGA
• Low birth weight (<2500g)
• Very low birth weight 

(<1500g)
• Apgar at 5 min <7
• Cord arterial blood pH<7.20
• NICU admission
• Male sex
• Congenital malformations

• Primiparity
• Primigravidity
• GDM/T1DM
• PE/Chronic hypertension
• Oligohydramnios
• Meconium-stained amniotic 

fluid
• Premature ruptures of the 

membranes
• Preeclampsia
• Placenta previa
• Placental abruption
• Retained placenta
• Operative delivery

Neonatal outcomePregnancy characteristics and 
intrapartum complications

Maternal characteristics and  
obstetrics history

Figure 5. List of collected data on maternal, pregnancy and neonatal characteristics 
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tests, providing an estimate of the effect of assisted reproductive techniques on the VT 

phenomenon. Multivariable logistic regression was performed to evaluate the factors 

determining VT pregnancies in both the IVF/ICSI and the spontaneous groups separately. Non-

VT pregnancies were used as the reference group. The multivariable dependence of the target 

variable on both categorical and continuous data was analyzed using logistic regression with 

stepwise (forward) model selection based on the likelihood ratio criterion (pin=0.05, pout=0.10). 

All the pre-pregnancy maternal characteristics and perinatal outcome variables represented 

independent factors. All the variables were adjusted for maternal age, BMI, parity, chronic 

maternal diseases, and obstetric history data, including miscarriage, termination of pregnancy, 

fetal loss in the second trimester, hypertensive disorder, prematurity and IUGR in previous 

pregnancies; all of them constituted confounding risk factors. The adjusted odds ratios (AORs) 

were also calculated with 95% CI. All tests were two-tailed, and significance was accepted at 

p<0.05. P-values were adjusted using the Holm–Bonferroni correction for multiple comparisons 

(Mann–Whitney U tests and logistic regression analyses). 

 

6. SUMMARY OF RESULTS 
 

During the total study period between 1994 and 2016, 67 827 singleton and 1615 

dichorionic twin live births were registered at the Department of Obstetrics and Gynecology. 

Of these, 316 were VT live births, exhibiting a rate of 4.53 out of 1,000 total pregnancies. 

ART was registered from 1992, from the opening of the IVF center in Szeged, and a total of 

640 twin pregnancies and 81 VT pregnancies were conceived by ART until the end of the 

study period. 5.2% of all singleton deliveries originated from a VT pregnancy after assisted 

conception, and 0.37% did so after spontaneous single gestation (Paper 1). 

The VT live birth rate varied between 36.8 and 28.8/1000 live births in VT pregnancies 

after IVF/ICSI and was stable at 3.6–3.55/1000 live births in spontaneously conceived VT 

pregnancies (p<0.001) (Figure 6).
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The proportion of VT pregnancies (Figure 7) among twins was significantly higher after 

spontaneous conception. 
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Figure 6. Vanishing twin live birth rate by mode of conception 

 

Figure 7. Proportion of VT pregnancies among twins by mode of conception 
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In Paper 1, 78 VT cases resulting from 617 IVF/ICSI dichorionic twins (12.6%) and 228 

VT cases were naturally conceived for 1252 spontaneous dichorionic twin pregnancies (18.2%) 

(p=0.002).  

In paper 2, 81 VT cases originated from 640 IVF/ ICSI dichorionic twins (12.7%), and 

235 VT cases were conceived without medical assistance for 1301 dichorionic twin pregnancies 

(18.1%) (p=0.002).  

 

6.1. Maternal characteristics 
 

Table 1 presents the patterns for maternal characteristics in the VT pregnancies and their 

matched singleton pregnancies after IVF/ICSI and natural conception. Maternal obstetric 

history and characteristics of previous pregnancies were also investigated and compared with 

control groups (see Table 1). 

In Paper 2, the maternal characteristics in VT pregnancies were compared between the 

two subgroups (as demonstrated in Table 2). Maternal age was higher for the IVF/ICSI 

pregnancies (mean maternal age: 34.8±3.71) compared to spontaneously conceived pregnancies 

(mean maternal age: 33.20±4.38). All the women in the IVF/ICSI subgroups were non-smokers, 

and negligibly small proportions (2.6%) smoked in the spontaneously conceived subgroups. In 

Paper 1, BMI at delivery was significantly lower among spontaneous VT pregnant women 

(p=0.049) than their matched controls, whereas weight gain during pregnancy was similar in 

the naturally conceived subgroups. All of the chronic maternal diseases examined were 

significantly more prevalent among VT pregnancies than in the matched control groups. 

Congenital anomalies of the uterus or fibroids were not observed in the VT groups (data are not 

presented in the tables). Generally, maternal and neonatal morbidity in previous pregnancies 

was less frequent among IVF/ICSI mothers due to a low percentage of previous pregnancies. 

The number of previous miscarriages was not different in VT and non-VT pregnancies, but 

termination of pregnancy and second-trimester fetal loss previously came into prominence as 

risk factors for single fetal loss. IUGR in a previous pregnancy was associated with a 

significantly higher risk of VT in the spontaneous group, but there was no recorded IUGR in 

the previous IVF/ICSI pregnancies. However, previous maternal diabetes was an independent 

contributing factor to VT pregnancy in IVF/ICSI pregnancies, whereas it was not a significant 

determinant in the spontaneous group.
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p-valuea Unadjusted OR a Adjusted ORa p-valuea Unadjusted OR a Adjusted ORa p-valueb

n % n % n % n %

Age (mean±SD)c
0.46 0.96 (0.90-1.03) 0.89 (0.86-0.94) 0.85 0.99 (0.96-1.03) 0.91 (0.78-1.14)

No. of children 
(mean±SD)c 1.00 1.00 (0.49-2.04) 1.00 (0.65-1.81) 0.86 0.96 (0.81-1.15) 0.87 (0.77-1.34)

Pre-pregnancy BMI 
(kg/m2)c 0.53 0.94 (0.87-1.01) 0.93 (0.85-1.06) 0.30 1.01 (0.98-1.05) 1.00 (0.95-1.09)

Weight gain during 
pregnancy 0.38 0.99 (0.96-1.01) 1.00 (0.91-1.08) 0.39 0.97 (0.96-1.02) 0.95 (0.91-1.05)

Smoking during 
pregnancy 0 0 0 0 -

e

-
e

-
e

6 2.6 36 5.3 0.67 0.49 (0.20-1.17) 0.33 (0.11-1.45) 0.92

Chr.maternal 
diseasesd 15 19.2 18 7.7 0.009 2.86 (1.36-6.00) 1.10 (1.10-2.20) 54 23.7 90 13.2 <0.001 2.05 (1.41-2.99) 2.01 (1.56-2.67) 0.97

n % n % n % n %

Miscarriage in first 
trimester 18 100 54 100 -

e

-
e

-
e

66 45.8 174 42 0.44 1.17 (0.80-1.71) 1.34 (0.80-2.82) 0.98

Termination of 
pregnancies in first 

trimester
0 0 0 0 -

e

-
e

-
e

66 45.8 144 34.8 0.02 1.59 (1.08-2.33) 1.34 (1.10-2.82) 0.51

Fetal loss in second 
trimester 0 0 0 0 -

e

-
e

-
e

18 12.5 18 4.3 0.001 3.14 (1.59-6.23) 3.32 (1.80-7.82) 0.72

Preterm birth 0 0 6 11.1 0.33 0.89 (0.81-0.97) (0.66) 0.70 (0.54-0.79) 12 8.3 24 5.8 0.32 1.48 (0.72-3.04) 1.77 (0.90-2.24) 0.98

IUGR 0 0 0 0 -
e

-
e

-
e

18 12.5 0 0 <0.001 1.14 (1.07-1.21) 1.22 (1.20-1.34) 0.59

Hypertensive 
disorders 0 0 0 0 -

e

-
e

-
e

0 0 24 5.8 0.001 0.94 (0.92-0.97) 0.12 (0.10-0.44) 0.82

Gestational diabetes 
mellitus 6 33.3 6 11.1 0.06 4.00 (1.09-14.6) 3.1 (1.88-10.1) 6 4.2 22 5.3 0.66 0.78 (0.31-1.95) 1.22 (0.91-1.29) 0.98

a

Continuous variables displayed as means ± standard deviation (SD).
b 

Comparison of continuous data with Mann–Whitney U test.
c 

P-value, odds ratio and 95% confidence interval for comparison of categorical data with 

Fisher’s exact test or Chi-square test.
d

Statistical analysis was not meaningful.
e

P-value for the Mantel–Haenszel test. 
f

Maternal age in years.g Chronic maternal diseases (i.e. essential hypertension, cardiac, autoimmune or 

endocrine diseases, pregestational diabetes and thromboembolic diseases) were grouped together into one variable because they are all risk factors of miscarriage. 
h

 All variables were adjusted for age, body mass index, 

parity, chronic maternal diseases and obstetric history data: miscarriage, termination of pregnancy, fetal loss in the second trimester, hypertensive disorder, prematurity and IUGR in previous pregnancies.

Total number of multiparous 
pregnancies after NC

Vanishing twin 
pregnancies

Matched 
singleton 

pregnancies

(n=144) (n=414)

Previous pregnancya

Total number of multiparous  
pregnancies after IVF/ICSI

Vanishing twin 
pregnancies

Matched 
singleton 

pregnancies 
(n=54)(n=18)

Matched 
singleton 

pregnancies 
(n=234)

Spontaneously conceived 
pregnancies

Vanishing 
twin 

pregnancies 
(n=228)

Matched 
singleton 

pregnancies 
(n=684)

24.27±3.44 24.53±4.90

12.54±3.95 11.85±4.87 12.34±5.08 13.24±5.29

0.71±0.83 0.74±0.85

33.20±4.38 33.30±4.46

Pregnancies after

IVF/ICSI

Vanishing 
twin 

pregnancies 
(n=78)

23.22±3.10 23.54±3.96

0.15±0.37 0.15±0.36

34.8±3.71 35.4±3.74

Table 1. Baseline maternal characteristics and obstetric history in pregnancies complicated by vanishing twins and matched controls 
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Table 2. Baseline maternal characteristics and obstetric history in VT pregnancies 

 

n n

Primigravidity 62 85 <0.001 5.76 (3.23–10.3) 5.5 (2.12–11.31)

Primiparity 74 111 <0.001 11.81 (5.22–26.71) 9.10 (3.49–21.2)

Number of childrena
<0.001 0.23 (0.13–0.41) 0.33 (0.14–0.84)

Previous termination of 
pregnancy 0 0 28.5 <0.001 0.72 (0.66–0.78) 0.56 (0.31–0.77)

Previous miscarriage 23.5 29.8 0.32 0.72 (0.40–1.30) 0.81 (0.21–1.91)

Previous 2nd. 
trim.abortion/miscarriage 0 7.7 0.005 0.92 (0.89–0.96) 0.67 (0.45–0.89)

Pre-pregnancy BMIa
0.67 0.98 (0.92–1.06) 0.90 (0.81–1.21)

Smoking during 
pregnancy 0 2.6 0.34 0.97 (0.95–1.99) 0.81 (0.49–2.31)

n n

GDM 7.4 0 <0.001 1.08 (1.01–1.15) 3.21 (1.91–9.4)

IUGR 0 7.7 0.005 0.92 (0.89–0.96) 0.10 (0.09–0.71)

Prematurity 0 5.1 0.041 0.95 (0.92–0.98) 0.31 (0.12–0.78)

Maternal hypertensive 
disordersc 0 0 1.00 n.m.* n.m. *0 0

aContinuous variables displayed as means ± standard deviation. bP-value, odds ratio, and 95% confidence interval of comparison of categorical data

with Fisher’s exact test or the Chi-square test and for Mann–Whitney U tests to determine the odds for continuous variables. cAll variables were

adjusted for age, BMI, parity, chronic maternal diseases, and obstetric history data: miscarriage, termination of pregnancy, fetal loss in the second

trimester, hypertensive disorder, prematurity, and SGA/IUGR in previous pregnancies. dCI 95%

Pregnancies 
after IVF/ICSI 

(n=81)

6 0

0 18

0 12

% %

Complications in previous pregnancies

Pregnancies after 
spontaneous 

conception (n=235) p-valueb Unadjusted OR 
(95% CI)b,d

Adjusted OR   
(95% CI)b,c,d

0 6

12.4±3.9 12.3±5.0 0.81 1.01 (0.96–1.06) 1.11 (0.89–1.23)

18

23.3±3.1 23.5±4.0

0 0.5±0.8

19 70

0.4±0.7 0.43 0.85 (0.56–1.28) 0.78 (0.34–1.59)

0.57 (0.12–0.89)<0.001 0.40 (0.19–0.93)

Weight gain during 
pregnancy (kg)a 

Total No. of previous 
terminations of 

pregnancya

Pregnancies 
after IVF/ICSI 

(n=81)

Age (years)a

0.2±0.4

76.5

91.4

Total No.of previous 
miscarriages 0.3±0.6

0

0.7±0.8

67

Unadjusted OR b,d Adjusted ORb,c,d

% %

34.8±3.7 33.2±4.3 0.003 1.1 (1.03–1.8) 1.2 (1.1–2.12)

p-value b

36.2

47.2

Pregnancies after 
NC

 (n=235)
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Maternal obstetric history and characteristics of previous pregnancies were also 

investigated. A comparison with control groups is found in Table 1, and differences between 

the two VT groups are shown in Table 2. Generally, maternal and neonatal morbidity in 

previous pregnancies was less frequent among IVF/ICSI mothers due to a low percentage of 

previous pregnancies. The number of previous miscarriages was not different in VT and non-

VT pregnancies, but previous termination of pregnancy and second-trimester fetal loss came 

into prominence as risk factors for single fetal loss. IUGR in a previous pregnancy was 

associated with a significantly higher risk of VT in the spontaneous group, but there was no 

recorded IUGR in the previous IVF/ICSI pregnancies. However, previous maternal diabetes 

was an independent contributing factor to VT pregnancy in IVF/ICSI pregnancies, whereas it 

was not a significant determinant in the spontaneous group. Congenital anomalies of the uterus 

or fibroids were not observed in the VT groups (data are not presented in the tables).  

 

6.2. Pregnancy characteristics and intrapartum complications 
 

Tables 3 and 4 display an overview of the pregnancy characteristics and intrapartum 

complications in the VT groups and matched controls and between the two VT subgroups. In 

Paper 1, GDM developed in a substantially higher percentage of women with VT pregnancies 

(odds ratio (OR): 3.0; 95% CI: 1.6–5.6) than in the non-VT pregnancies after IVF/ICSI 

(p=0.01), while it was inversely less common among their naturally conceived counterparts 

(OR: 0.46; 95% CI: 0.2–1.1). Even after adjusting for confounders, IVF/ICSI was significantly 

more associated with GDM; this was more pronounced for VT cases (p<0.001) due to its very 

low occurrence in the spontaneous group. 

Pregestational diabetes mellitus represented an increased risk for VT after IVF/ICSI 

(Adjusted (A)OR: 1.07; 95% CI: 1.04–1.2), while it was not a risk for the spontaneously 

conceived subgroups (AOR: 1.00; 95% CI: 0.94–1.00), thus exhibiting a significant difference 

between the IVF/ICSI and non-IVF VT pregnancies (p<0.001). Preeclamptic pregnancies in VT 

subgroups following IVF/ICSI (AOR: 1.6; 95% CI: 0.7–6.1) and spontaneous conception 

(AOR: 1.00; 95% CI: 0.8–1.8) showed similar proportions compared to matched controls.  

Placentation abnormalities presented in Papers 1 and 2 were more frequent in VT 

pregnancies after IVF/ICSI than their counterparts who conceived spontaneously. Placenta 

previa was significantly more frequent in VT pregnancies after IVF/ICSI than after natural 

conception (p<0.001) and almost significantly more prevalent in VT pregnancies in the 
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IVF/ICSI group (p=0.08, AOR: 3.8; 95% CI: 1.0–9.3) compared to the non-VT IVF/ICSI 

subgroup. The occurrence of retained placenta was significantly more frequent in VT 

pregnancies after IVF/ICSI (AOR: 7.2; 95% CI: 3.1–19) compared to matched controls or 

spontaneous pregnancies (AOR: 0.67; 95% CI: 0.3–1.2). There was a negligible low occurrence 

of placental abruption among VT pregnancies. Although the spontaneous VT pregnancies were 

significantly more likely to be complicated by placental abruption than the matched controls 

(AOR: 10.6; 95% CI: 2.5–39), this was less marked after IVF/ICSI (AOR: 3.6; 95% CI: 1.5–

9). The incidences of operative deliveries were non-significantly lower among the IVF/ICSI 

pregnancies compared to their spontaneously conceived counterparts. 

The average gestational length at the time of vanishing in the IVF/ICSI group was 

9.86±2.06 weeks, whereas VT was confirmed at 8.86±2.70 weeks in the spontaneous group 

(p=0.057) (data not shown). 
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n % n % n % n %

Primiparity 72 92.3 198 84.6 0.124 2.18 (0.88-5.41) 1.12 (0.79-3.42) 108 47.4 330 48.2 0.88 0.97 (0.72-1.30) 0.99 (0.72-1.44) 0.88

Primigravidity 60 76.9 180 76.9 1.00 1.00 (0.54-1.84) 1.00 (0.68-2.1) 84 36.8 270 39.5 0.53 0.85 (0.66-1.22) 0.89 (0.45-1.43) 0.85

GDM 24 30.8 30 12.8 0.01 3.02 (1.63-5.59) 3.1 (1.68-5.7) 6 2.6 38 5.6 0.08 0.46 (0.19-1.10) 0.80 (0.64-1.7) <0.001

Pre-GDM 6 7.7 0 0 <0.001 1.08 (1.02-1.15) 1.07 (1.04-1.11) 0 0 6 0.9 0.35 0.99 (0.99-1.01) 1.00 (0.94-1.04) <0.001

Preeclampsia 5 6.4 10 4.3 0.24 1.87 (0.66-5.32) 1.6 (0.69-6.1) 14 6.2 42 6.1 1.00 1.00 (0.54-1.87) 1.0 (0.78-1.77) 0.78

Placenta previa 6 7.7 6 2.6 0.08 3.17 (0.99-
10.12) 3.8 (1.01-9.3) 0 0.0 6 0.9 0.35 0.99 (0.99-1.01) 0.8 (0.71-1.3) 0.19

Placental 
abruption 6 7.7 6 2.6 0.08 3.17 (0.99-

10.12) 3.60 (1.5-9.2) 6 2.6 2 0.4 0.004 9.22 (1.85-
45.99) 10.6 (2.5-39.2) 0.47

Retained 
placenta 12 15.4 6 2.6 <0.001 6.91 (2.50-

19.11) 7.2 (3.1-19.2) 6 2.6 36 5.3 0.14 0.49 (0.20-1.17) 0.67 (0.30–1.2) <0.001

Operative 
delivery 30 38.5 102 43.6 0.51 0.81 (0.48-1.37) 0.89 (0.41–1.2) 114 50.0 366 53.5 0.36 0.87 (0.64-1.17) 0.99 (0.73–1.1) 0.82

Pregnancies after IVF/ICSI

p-
valuea

Unadjusted OR 
(95%CI)

a P-value, odds ratio and 95% confidence interval for comparison of categorical data with Fisher’s exact test or Chi-square test.b P-value for the Mantel–Haenszel test.

p-
valuea

Unadjusted 
OR (95%CI)

Adjusted OR 
(95%CI)

p-
valueb

Vanishing twin 
pregnancies

(n=78)

Matched 
singleton 

pregnancies 
(n=234)

Vanishing twin 
pregnancies

(n=228)

Matched 
singleton 

pregnancies

Spontaneously conceived 
pregnancies

(n=684)

Adjusted OR 
(95%CI)

Table 3. Pregnancy characteristics and intrapartum complications in pregnancies complicated by vanishing twins 
and matched controls 
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n % n %

Gestational 

diabetes mellitus
24 29.6 7 3.0 <0.001

13.7 
(5.63–33.4)

11.1 
(6.72–32.12)

Pre-gestational 

diabetes mellitus
6 7.4 0 0 <0.001

1.08 
(1.01–1.15)

4.12 (2.12–6.89)

Preeclampsia 0 0 6 2.6 0.34
0.97 

(0.96–1.00)
0.34 (0.19–0.49)

Placenta previa 6 7.4 0 0 <0.001
1.08 

(1.01–1.15)
2.91 (1.10–8.21)

Uterine inertia 49 60.5 96 40.9 0.003
2.22 

(1.32–3.71)
1.73 (1.47–4.21)

Malposition 0 0 18 7.7 0.005
0.92 

(0.89–0.96)
0.63 (0.12–0.81)

Oligohydramnios 6 7.4 18 7.7 1.00
0.96 

(0.37–2.52)
1.02 (0.78–2.20)

Meconium-stained 

amniotic fluid
13 16.0 18 7.7 0.049

2.31 
(1.07–4.95)

1.89 (1.09–3.12)

Premature 

ruptures of the 

membranes

0 0 6 2.6 0.34
0.97 

(0.96–1.00)
0.65 (0.21–1.81)

Placental 

abruption
6 7.4 6 2.6 0.084

3.05 
(0.96–9.75)

2.12 (0.78–6.21)

Retained placenta 12 14.8 6 2.6 <0.001
6.64 

(2.40–18.3)
7.1 (5.1–14.31)

Prolonged labor 48 59.3 97 41.3 0.006
2.07 

(1.24–3.46)
1.89 (1.34–2.89)

Operative delivery 31 38.3 117 49.8 0.09
0.63 

(0.37–1.05)
a P-value, odds ratio and 95% confidence interval for comparison of categorical data with Fisher’s exact test or Chi-square test and for

Mann–Whitney U tests to determine the odds for continuous variables.b (95% CI): Cornfield’s 95% confidence intervals.c All variables 

were adjusted for age, BMI, parity, chronic maternal diseases and obstetric history data: miscarriage, termination of pregnancy, fetal loss

in the second trimester, hypertensive disorder, prematurity and SGA/IUGR in previous pregnancies.

Adjusted ORb,c

Pregnancies after 
IVF/ICSI

 (n=81)

Spontaneously 
conceived 

pregnancies 
(n=235)

p-valuea Unadjusted 

ORa,b

Table 4. Pregnancy characteristics and intrapartum complication in pregnancies 
complicated by vanishing twins 
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6.3. Neonatal outcomes 
 

The differences in neonatal outcomes in the VT and matched control subgroups are 

shown in Table 5 and in VT groups by mode of conception in Table 6. Similar gestational age 

at time of delivery was noted in all of the study groups. In Paper 1, the incidences of preterm 

birth were equally low among VT cases and controls in both subgroups. Furthermore, there 

were no very preterm deliveries in the study groups. In Paper 2, unexpectedly, the rate of 

preterm birth was higher among spontaneously conceived VT cases than after the IVF/ICSI 

procedure. 

The rate of IUGR (Paper 1) was statistically higher in the VT pregnancies in the 

spontaneous group (AOR: 3.0; 95% CI: 1.8–5.2) and even more so among the IVF/ICSI cases 

compare to the control groups (AOR: 9.2; 95% CI: 5–22). Comparing the prevalence of IUGR 

(Paper 2) between the two VT groups, it is significantly higher in the IVF/ICSI group than in 

their spontaneously conceived counterparts. 

The incidences of low birth weight were threefold higher in the IVF/ICSI VT 

pregnancies and two times higher in the naturally conceived VT pregnancies compared to the 

control groups (Paper 1). Comparing the incidence of LBW between the two VT subgroups in 

Paper 2, the rate was significantly higher in the IVF/ICSI VT group than in their spontaneously 

conceived counterparts. There were no IVF/ICSI VT pregnancies registered as very low birth 

weight, and the rate was extremely scant in the spontaneous VT group.  

The proportion of macrosomia was slightly lower in the VT pregnancies than in the 

controls in the IVF/ICSI group, but VT was associated with a significantly lower rate of 

macrosomia after spontaneous conception (Paper 1).  

The VT phenomenon in Paper 1 resulted in a significantly higher male sex rate in 

spontaneous pregnancies (AOR: 1.4; 95% CI: 1.2–1.9) but not in the IVF/ICSI group (AOR: 

1.1; 95% CI: 0.8–1.9). Unlike in Paper 2, the study groups presented a similar neonatal gender 

rate.  

In Paper 1, the frequencies of NICU admission were not more common in the VT cases; 

however, in Paper 2, a significantly higher rate of NICU admission was found in the 

spontaneously conceived VT group than in the IVF/ICSI VT group.
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n % n % n % n %
a,bGestational 

age 
(mean ±SD)

(weeks)

Preterm birth 0 0 2 2.6 1.00 1.01 (1.00-1.02) 0.99 (1.00-1.03) 12 5.3 30 4.4 0.59 1.21 (0.61-
2.41) 1.32 (0.55-2.2) 0.27

BWa,b (g) 
(mean ±SD)

IUGR 18 23.1 6 2.6 <0.001 11.4 (4.34-30.0) 9.2 (4.99-21.9) 12 5.3 12 1.8 0.007 3.11 (1.38-
7.03) 3.0 (1.77-5.2) 0.04

LBW(<2500g) 12 15.4 12 5.1 0.006 3.36 (1.44-7.84) 3.99 (1.78-7.11) 18 7.9 24 3.5 0.01 2.36 (1.26-
4.43) 2.1 (1.55-4.0) 0.69

VLBW (<1500g) 0 0 0 0 -e -e -e 0 0 6 0.9 0.35 1.00 (1.00-
1.02) 0.89 (0.78-1.2) -e

NICU admission 0 0.00 18 7.7 0.009 0.92 (0.89-0.96) 0.34 (0.11-0.61) 12 5.3 24 3.5 0.24 1.53 (0.75-
3.11) 1.9 (0.66-2.81) 0.10

Male sex 42 53.8 114 48.7 0.51 1.23 (0.74-2.05) 1.1 (0.81-1.89) 132 57.9 282 41.2 <0.001 1.96 (1.45-
2.66) 1.4 (1.2-1.9) 0.12

Congenital 
malformations 6 7.7 18 7.7 1.00 1.00 (0.38-2.62) 1.00 (0.55-1.5) 6 2.6 18 2.6 1.00 1.00 (0.39-

2.55)
1.00 (0.22-

2.90) 1.00

aContinuous variables displayed as means ± standard deviation (SD).bComparison of continuous data in two distinct years with Mann–Whitney U test.cP-value, odds ratio and 95% confidence interval for comparison of categorical data with Fisher’s

exact test or Chi-square test.dP-value for the Mantel–Haenszel test.e Statistical analysis was not meaningful.fAll variables were adjusted for age, body mass index, parity, chronic maternal diseases and obstetric history data: miscarriage, termination of

pregnancy, fetal loss in the second trimester, hypertensive disorder, prematurity and IUGR fetus in previous pregnancies. g(95% CI):Cornfield’s 95% confidence intervals.

3321.4±524.8 3391.1±565.4 0.29 1.0 (1.0-1.0) 1.0 (0.9-1.1)3178.5±562.2 3302.8±542.5 0.38 0.99 (0.98-1.0) 0.99 (0.98-1.0)

38.80±1.44 0.91 1.01 (0.92-
1.12) 1.00 (0.89-1.2)

Adjusted 
ORc,f,g p-valued

Matched singleton 
pregnancies

Spontaneously conceived pregnancies

(n=684)

Vanishing twin 
pregnancies

(n=228)

38.80±1.59

p-valuec Unadjusted 
ORc,g

Pregnancies after IVF/ICSI

p-valuec Unadjusted 
ORc,g Adjusted ORc,f,g

Vanishing twin 
pregnancies

(n=78)

Matched singleton 
pregnancies 

(n=234)

38.4±1.10 38.4±1.32 0.66 0.98 (0.80-1.20) 0.91 (0.71-1.31)

Table 5. Neonatal outcome in pregnancies complicated by vanishing twins and matched controls 
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The umbilical cord blood analysis had shown a higher prevalence of acidemia (umbilical 

artery pH less than 7.20) in the IVF/ICSI VT group, but the 5-min Apgar scores, another 

independent marker for neonatal outcome, had not shown the same unfavorable results (Paper 

2). The frequencies of congenital malformation reported were not common in the VT cases; the 

rate was higher among those who conceived after assisted reproductive techniques but did not 

reach statistical significance. 

  

n % n %

Gestational age
a,b 0.054 0.85 

(0.72–1.01)
0.79 

(0.69–1.19)

Preterm birth
a 0 0 12 5.1 0.041 0.95 

(0.92–0.98)
0.93 

(0.81–0.99)

BW (grams)
a 0.063 1.00 

(0.99–1.00)
0.89 

(0.71–1.09)

IUGR 18 22.2 13 5.5 <0.001 4.88 
(2.27–10.5)

5.12 
(3.12–11.91)

LBW (>2500g) 12 14.8 18 7.7 0.080 2.10 
(0.96–4.57)

2.91 
(0.87–5.10)

VLBW (>1500g) 0 0 0 0 1.00 n.m. n.m.

Apgar at 5 min 

<7
0 0 0 0 1.00 n.m. n.m.

Cord arterial 

blood pH<7.20
18 22.2 24 10.2 0.012 2.51 

(1.28–4.92)
2.11 

(1.33–4.51)

Male sex 44 54.3 134 57.0 0.70 0.90 
(0.54–1.49)

0.88 
(0.49–1.81)

Congenital 

malformations
6 7.4 6 2.6 0.084 3.05 

(0.96–9.75)
3.11 

(0.91–10.1)
aContinuous variables displayed as means ± standard deviation (SD).bGestational age in weeksc P-value, odds ratio, and 95% confidence interval of comparison of

categorical data with Fisher’s exact test or the Chi-square test and for univariate logistic regressions to determine the odds for continuous variables.dAll variables were

adjusted for age, BMI, parity, chronic maternal diseases, and obstetric history data: miscarriage, termination of pregnancy, fetal loss in the second trimester, hypertensive

disorder, prematurity, and small-for-gestational-age/growth-retarded fetus in previous pregnancies.e(95% CI): Cornfield’s 95% confidence intervals.

0.041 0.95 
(0.92–0.98)

0.96 
(0.90–0.99)

38.4±1.07 38.8±1.57

3187±549 3315±520

NICU admission 0 0 12 5.1

Adjusted OR
d,e

Pregnancies after 

IVF/ICSI (n=81)

Spontaneously 

conceived 

pregnancies (n=235) p-value
c

Unadjusted 

OR
c,e

Table 6. Neonatal outcome in pregnancies complicated by vanishing 
twins achieved by IVF/ICSI vs. spontaneous conception 
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6.4. Independent risk factors associated with the vanishing twin phenomenon 
 

 In Table 7, the results of the multiple logistic regression analyses pointed out the 

different risk factor structure for VT pregnancies achieved by ART and natural conception 

(Paper 1). Previous and present GDM influenced the occurrence of VT in the IVF/ICSI group 

with AORs of 5.41 and 2.33, respectively, while chronic maternal disease was also a predictor, 

with an AOR of 3.48. The women with IVF/ICSI VT pregnancies had an overall 4.35-fold 

higher risk of placental abruption. Within the IVF/ICSI VT group, there was an 8.00-fold higher 

risk of retained placenta and a 28.2-fold higher risk of an IUGR neonate. The risk of VT rose 

to 2.10-fold when a chronic maternal disease was present, and the surviving fetus had 3.65-fold 

higher odds for IUGR in spontaneous VT pregnancies.  

 

 

 

 

 

p-valuea Adjusted OR 
(95% CI) a p-valuea Adjusted OR 

(95% CI) a

GDM in the 
previous 
pregnancy

0.017 5.41 (1.36-21.7)

Chronic 
maternal 
diseases

<0.001 2.10 (1.39-3.34)

Chronic 
maternal 
diseases

0.016 3.48 (1.27-9.60) IUGR 0.006 3.65 (1.43-8.5)

GDM in the 
present 
pregnancy

0.021 2.33 (1.14-4.55)

Placental 
abruption

0.020 4.35 (1.31-22.8)

Retained 
placenta

<0.001 8.00 (2.74-23.3)

IUGR <0.001 28.2 (2.18-14.5)

Logistic regression model of VT 
pregnancies achieved by ART (n=312)

Logistic regression model of VT 
pregnancies achieved by NC (n=912)

Both logistic regression models were adjusted for maternal age, BMI,parity, chronic maternal diseases and
obstetric history data: miscarriage, termination of pregnancy, fetal loss in the second trimester, hypertensive

disorder, prematurity and SGA/IUGR in the previous pregnancies.aP-value, adjusted odds ratio and 95%

confidence interval for comparison of multiple logistic regression.

Table 7 Logistic regression models on presenting risk factors of 
vanishing twin pregnancies 
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In Paper 2, multivariable regression analysis was also performed, with factors associated 

with the infertility treatment among those with VT pregnancies summarized in Table 8. Women 

were significantly older (AOR: 1.30) and primiparity was also a predictor with an OR of 3.8 in 

the IVF/ICSI group. Like the results in the first study, GDM and hypertensive disorders 

developed at a substantially higher percentage of pregnant women with VT pregnancies 

following IVF/ICSI (AOR: 2.10 and 3.54, respectively). VT pregnancies after ART had an 

increased risk of placenta anomalies (placental abruption with an AOR of 4.9 and retained 

placenta with an AOR of 5.69). Mode of conception was a distinguishable determinant in BW, 

and neonates after IVF/ICSI had a lower BW even after controlling for relevant cofactors (AOR: 

0.98). The neonates after IVF/ICSI VT pregnancies had an overall 1.10-fold higher risk of 

unfavorable arterial cord blood pH and an AOR of 1.13 for prolonged labor.  

 

 

     Table 8. Logistic regression models on obstetric factors of VT pregnancies 

p-valuea Adjusted OR (95% 
CI) a

Birth weight <0.001 0.98 (0.97–0.99)

Cord blood pH <7.20 <0.001 1.10 (1.08–2.80)

Prolonged labor <0.001 1.13 (1.08–3.31)

Age <0.001 1.30 (1.31–1.50)

GDM <0.001 2.10 (1.60–7.40)

Hypertensive 
disorders

<0.001 3.54 (1.14–11.04)

Primiparity <0.001 3.80 (1.16–12.4)

Placental abruption <0.001 4.90 (2.59–9.30)

Retained placenta <0.001 5.69 (2.12–9.12)

Both logistic regression models were adjusted for maternal age, BMI,parity,
chronic maternal diseases and obstetric history data: miscarriage, termination of
pregnancy, fetal loss in the second trimester, hypertensive disorder, prematurity

and SGA/IUGR in the previous pregnancies.bP-value, adjusted odds ratio and

95% confidence interval for comparison of multiple logistic regression.
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7. DISCUSSION OF SPECIFIC RESULTS AND COMPARISON WITH 
OTHER STUDIES  
 

The principal finding of the present study is that VT carries a higher risk of various 

pregnancy complications, particularly following the IVF/ICSI procedure.  

Embryonic loss has a significant effect on more twin pregnancies after natural 

implantation (18.2%) than after the iatrogenic transfer of two embryos (12.6%). Our results 

correspond to the VT rates among twins after IVF/ICSI reported in the literature (between 

10.8% and 39.0%) [11], [28], [34], [35].  

Early pregnancy loss and the VT phenomenon both share a chromosomal defect in the 

conceptus [31], [32], and this explains the fact that the artificial selection procedure for 

morphologically normal embryos decreases the rate of VT after IVF/ICSI. Other possible 

explanations could be the fresh embryo transfer, which is associated with a higher perinatal risk 

[43]. The incidence of VT pregnancies increases with maternal age due to a higher risk of 

chromosomal abnormalities in the oocytes, which is the strongest predictor of embryo potential 

[44]. After natural conception without any embryo selection, age-related chromosomal 

abnormalities and the derived embryo pose a higher risk of VTS in advanced maternal age.  

Maternal age influences the development of VT pregnancies in two other ways: the 

frequency of dichorionic twins rises with maternal age due to superovulation after spontaneous 

conception [45], and advanced maternal age leads to an increasing use of IVF procedures with 

the consequences of multiple embryo transfers. In line with the concept that twinning frequency 

increases with maternal age [46], [47], we found that the VT phenomenon is also associated 

with advanced age in both groups in IVF/ICSI pregnancies, as documented by others [11], [31]. 

Although the VT phenomenon occurs more often after natural conception, the 

prevalence of VTS is significantly higher among twins after ART. In our study (Paper 1), 5.2% 

of all singleton deliveries originated from a VT pregnancy after assisted conception, and only 

0.37% did so after spontaneous single gestation. The observed difference in the incidences of 

VT supports the idea that an artificial selection procedure favors embryos with high 

developmental potential [31], [32]. This raises the possible higher risk of the implantation of a 

genetically impaired vanishing embryo in naturally conceived pregnancies, as suggested earlier 

[32]. Further, transfer of an intermediate-quality embryo increases the chance of VT [31]. Other 

explanations for this difference are the technology itself [48] or the artificially modified 
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endometrium [49] in assisted reproductive cycles. Although a moderately thick endometrium 

with a triple-line pattern is more likely linked to a good clinical outcome, the decidualized 

endometrium acts as a biosensor of embryo quality and the interaction between the mucosa and 

the embryo with inadequate quality might coordinate the VT phenomenon [51].  

An adverse obstetric history comprising induced abortion and second-trimester fetal loss 

as classical miscarriage-related factors is also strongly associated with single loss in twins in 

spontaneous pregnancies. Miscarriage-related risk factors, such as obesity and smoking, do not 

seem to play a role in VT because of the possible effect on both embryos. Nor does it appear 

that cavity deformities, such as congenital uterine anomalies, account for VT. 

Another major finding of the thesis is that chronic maternal diseases and a history of 

certain high-risk pregnancies (e.g. IUGR and GDM) might contribute to the absorption of a 

single embryo in twin pregnancy, particularly in IVF/ICSI pregnancies. This further emphasizes 

the detrimental effect of the greater pre-pregnancy susceptibility pertaining directly to the 

inherent factors in the pathomechanism of the VT phenomenon. Moreover, the increased risk 

of adverse perinatal outcome could be attributed partly to assisted reproductive technology and 

background infertility [35], [48], [50] as well. The influence of assisted reproductive procedures 

(ICSI), such as the culture medium, the ovarian hyperstimulation and the effects of fertility 

drugs on fetal growth and development, has been an ongoing debate. A major topic is whether 

ART disrupts imprinted gene regulation [51], [52]. 

An important observation is that a significantly higher recurrence rate for GDM and an 

increased incidence of pre-gestational and gestational diabetes mellitus was found among 

IVF/ICSI VT pregnancies, which is in line with the fact that IVF/ICSI presents a higher risk for 

diabetes mellitus than spontaneous conception [53].  

On the other hand, one potential relationship between diabetes mellitus and the VT 

phenomenon could be the relative uteroplacental insufficiency due to the impairment of early 

placental development and placental “crowding”. Placental development is responsible for fetal 

intrauterine growth, especially in multiple gestation; further, the early simultaneity and 

competition of the placentas [54], [55] exceed the uterine capacity, leading to relative 

uteroplacental insufficiency and intrauterine growth disturbances [25], which develop rather 

early in diabetic pregnancies [56]. Diabetes-generated teratogens might also induce miscarriage 

[57], which might even lead to the loss of one infant from a pair of twins possibly due to the 

uneven susceptibilities of the fetuses.  
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In accordance with other studies [29], [42], we found that placental dysfunction caused 

by hypertensive disorders appears not to determine the outcome of VT pregnancies considerably 

since essential hypertension is extremely uncommon. There does not seem to be any link 

between VT and PE. 

Placentation anomalies, such as placenta previa, placental abruption and retained 

placenta associated with VT via the reduced uteroplacental flow, represent a further factor that 

seems to contribute to the absorption of a conceptus in a twin pregnancy, particularly in 

IVF/ICSI pregnancies, and may also contribute to the adverse outcomes of VT pregnancies 

[48], [50]. Moreover, the IVF/ICSI technique promotes higher rates of placental anomalies [46]. 

This observation corroborates the finding that impaired placentation at an inappropriate uterine 

site [25] might have a potential effect on the single loss in twins, particularly following 

IVF/ICSI. A recent case report suggested an association between VT pregnancies, especially 

after ART, and umbilical cord insertion anomalies, such as vasa previa. The common pathway 

may be the inadequate orientation of the blastocyst at the time of implantation after the ART 

procedure and the abnormal placental development, remodeling or suboptimal myometrial 

perfusion, which is characteristic of VT pregnancies [58].  

Our most striking result is that the resorption of an embryo induces a growth restriction 

in the remaining twin, particularly after IVF/ICSI, compared to age- and previous gestation-

matched singletons. This observation is a consistent finding in other reports [27]–[29], [48], 

[59], [60]. 

It is indeed a remarkable fact that IVF/ICSI has been associated independently with an 

increased risk of IUGR [61], with the risk being more pronounced in IVF/ICSI VT pregnancies 

[10], [11], [26], [28], [29], [34], [35]. In Paper 1, elevated odds of IUGR greater than nine times 

and fourfold odds for LBW were observed for VT after IVF/ICSI, whereas the respective figures 

for natural conception were only 3.0 and 2.1. One reason for this difference may be that the VT 

phenomenon in IVF/ICSI pregnancies was detected at a greater gestational length, suggesting 

that reduction occurs at a later stage. Later timing for the demise of a co-twin in IVF/ICSI might 

indicate that it is not the quality of the vanished embryo that is the dominant factor, but the 

uterine environment [11], [42] or the impaired utero-fetal interaction of the developing co-twin 

with possibly normal growth potential [31]. One can speculate that the larger fetoplacental 

tissue requires a longer elimination process [62], resulting in a poorer obstetric outcome [28], 

[29]. During restoration, the remodeling of the fetoplacental blood flow might be driven by 
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decomposition products from the vanishing fetus. Hence, blood flow towards the surviving twin 

might be decreased temporarily, inducing a relative placental insufficiency, which could delay 

placental expansion and retard fetal growth. Interestingly, we did not find that the vanishing 

fetus had any significant influence on the rate of preterm birth either in the IVF/ICSI group or 

in the spontaneous group, a result which contrasts with other epidemiological and observational 

studies [28], [34], but confirms still other studies [22], [27], [63]. In relation to low birth weight 

and preterm birth, the perinatal outcome of VT after ART has been found similar to singletons 

and better than twin pregnancies in other retrospective studies [63], [64].  

One intriguing finding was that we did not find any very preterm births in our VT 

groups. Our study provides evidence that adverse outcomes of VT pregnancies are more likely 

to be associated with the greater odds of lower birth weight and an increased proportion of age-

related morbidities, which are usually more common in IVF pregnancies [46], [65]–[67]. The 

rate of congenital malformation was slightly higher in vanishing pregnancies after assisted 

reproduction, but like other studies, it does not cause an increase in the risk of adverse outcomes 

[65], [68]. 

 

8. CONCLUSION 
 

  In conclusion, a more adverse pregnancy and neonatal outcome seem to be present in 

VT pregnancies following IVF/ICSI, thus confirming the concept of underlying maternal 

factors related to infertility or ART. Our results did not show whether VT is generated by the 

technique, the infertility due to underlying impairment or other IVF-related factors (i.e. fresh 

or frozen cycles or other stimulation protocol details). It appears that different pathological 

processes might cause VT and eliminate the fetoplacental unit in a different uterine 

environment, thus exhibiting a trend toward higher rates of perinatal complications in IVF/ICSI 

pregnancies compared to those conceived spontaneously. Spontaneous reduction occurs more 

frequently in spontaneous twin pregnancies than in conceptions after assisted reproduction. The 

main findings of the high rate of IUGR neonates in connection with certain maternal illnesses 

are related to adverse perinatal outcome in VT pregnancies.  

Conversely, VT is more likely to occur after spontaneous implantation of two embryos 

(2.9%) than after the iatrogenic transfer of two embryos (0.35%). Both pregestational and 

gestational diabetes and placentation/placental anomalies are associated with the VT 
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phenomenon. To our knowledge, no study has yielded spontaneously conceived VT pregnancy 

outcomes with relatively high case numbers and compared with VT pregnancies after ART until 

now.  

Recognizing vanishing twin by mode of conception and treating VT pregnancies as a 

possible high risk for intrauterine growth restriction, placental abnormalities and gestational 

diabetes hold the key for more effective prenatal care for that significant subgroup of 

pregnancies.  

In the future, we would like to continue our research, extend analysis of data from VT 

pregnancies after ART with special interest in culture medium, mode of ART, and improvement 

and effect of embryo cryopreservation or embryo transfer policy on VT pregnancy outcome. 

For further consistency, prospective epidemiological studies of neonatal outcome are necessary 

to investigate the role of less prevalent miscarriage-related factors. 
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9. SUMMARY OF NEW FINDINGS 
 

• The incidence of VT pregnancies after natural implantation is 18.2%, which is higher 

than among VT pregnancies after assisted reproductive techniques (12.6%).  

• The average gestational length at the time of vanishing in the IVF/ICSI group was 

9.86±2.06 weeks and 8.86±2.70 weeks in the spontaneous group. 

• A higher rate and increased incidence of pre-gestational and gestational diabetes 

mellitus, abnormal placentation and placental anomalies are associated with the VT 

phenomenon. VT was still noted as an independent risk factor for adverse perinatal 

outcome after controlling for all possible confounders. 

• VTS poses a higher risk for an adverse perinatal outcome following IVF/ICSI as 

compared with spontaneously conceived counterparts.  

• The IVF/ICSI technology and the underlying pathomechanisms which finally lead to 

infertility worsen the poorer outcome of vanishing twin pregnancies.  

• VTS induces growth restriction in the remaining twin. 

• Chronic maternal diseases and an anamnestic history of GDM or IUGR can contribute 

to the absorption of a single embryo in twin pregnancy, particularly in IVF/ICSI 

pregnancies.  

• An adverse obstetric history comprising induced abortion and second-trimester fetal loss 

as risk factors is strongly associated with vanishing twins in spontaneous pregnancies.  
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