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Abstract

Purpose The objective of our meta-analysis was to estimate the effect of VTS on obstetric outcomes of ART singletons.
Methods PubMed, Embase, MEDLINE, and ClinicalTrials.gov were searched up to January 2019 to find studies
reporting the obstetric outcomes of ART singletons with VTS. Dichotomous data were expressed as odds ratios (OR)
with 95% confidence intervals (CI). Continuous data were expressed as weighted mean difference (WMD) with 95%
CL

Results A total of 17 observational studies encompassing more than 60,000 ART singletons were included in this
meta-analysis. The impact of VTS on singletons was highly dependent on the definition of VTS, precisely, the
vanishing timing and intrauterine growth stage. When VTS happened at or before 14 weeks, regardless of intrauter-
ine growth stage, there were no differences in terms of gestational age (GA) [WMD = — 0.08, 95% CI = — 0.27,
0.10], preterm birth (< 37 weeks) (PTB) [OR = 1.23, 95% CI = 0.89, 1.70], and low birth weight (< 2.5 kg) (LBW)
[OR = 1.56, 95% CI = 1.00, 2.43] in original singletons versus singleton with VTS. On the contrary, VTS occurred
after 14 weeks was associated with significantly shorter GW and lower BW, as well as higher risks of PTB and
LBW. When the sac reduced in VTS was an empty gestational sac, there would be no differences in GW, PTB, and
LBW between singletons versus singletons with VTS, whereas the loss of a fetus with cardiac-activity was associ-
ated with adverse obstetric outcomes.

Conclusions This meta-analysis suggests whether or not VTS is harmful to obstetric outcomes is highly dependent on the
vanishing timing and intrauterine growth stage.

Keywords Vanishing twin syndrome - VTS - Assisted reproductive technique - Obstetric outcome

Introduction

Yi-xin Li and Tian-ze Sun contributed equally to this work.

Over the past three decades, assisted reproductive technolo-
gies (ART) have resulted in many thousands of successful
pregnancies each year. With the advanced achievements in
ART treatments, the obstetric outcomes of children born after
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ART have been gradually improved [32]. However, there is
still a great gap in terms of perinatal and obstetric outcomes
between pregnancies assisted by ART and the naturally con-
ceived [40]. The increased risks of adverse outcomes follow-
ing ART pregnancies cannot be explained entirely by the high
incidence of multiple births, for even singletons after ART are
associated with higher risks of adverse outcomes when com-
pared with singletons conceived naturally [24, 39].

On the management of ART pregnancies, several studies
have suggested that the conception rate of multiple gestations
was greater than their birth rate [22, 28]. This phenomenon

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10815-020-01928-x&domain=pdf
http://orcid.org/0000-0002-7072-3170
http://clinicaltrials.gov
mailto:zhoudx2010@163.com

2784

J Assist Reprod Genet (2020) 37:2783-2796

may be explained by the loss of embryos or gestational sacs
during the gestation period. In recent years, the clinical appli-
cation of ultrasound enables visualization and confirmation of
these losses, name them as the vanishing twin syndrome
(VTS). A study published in 2002 has shown that the inci-
dence of VTS increases with initial number of gestational
sacs. It is estimated that VTS occurs in 36% of pregnancies
with two sacs, 53% of three sacs, and 65% of four or more
sacs. With regard to IVF/ICSI pregnancies, 2 studies pub-
lished in 2005-2006 estimated that VTS occur in 12-30% of
twin pregnancies in weeks 7-8, reducing them to singleton
pregnancies [10, 28].

It is clinically important to understand the effects of
VTS on ART singleton pregnancies. However, studies
focusing on this topic reported rather conflicting results
[1, 33, 43]. Some studies reported that there was no dif-
ference between VTS singletons and original singleton in
terms of preterm birth and low birthweight, while other
studies reported that singletons with VTS were associated
with higher risks of adverse obstetric outcomes than orig-
inal singletons [7, 24, 33, 43]. The main reason for these
conflicting results may be that the definition of VTS
varies among different authors. Gestational sacs can “van-
ish” at several time points, from empty gestational sac to
gestational sac with evidence of cardiac activity [7, 43] or
from the first trimester to all three trimesters [28].

The objectives of our meta-analysis were to estimate the
effects of VTS on obstetric outcomes of ART singletons and
to evaluate whether vanishing timing and intrauterine growth
stage aspects in the VTS definition contribute to this effect.
The results of this study should allow clinicians to adequately
inform patients diagnosed with VTS of the potential adverse
obstetric outcomes.

Methods
Search strategy

This study was performed according to the checklist
provided in the “Preferred Reporting Items for
Systematic Reviews and Meta-Analyses” (PRISMA)
statement for writing systematic reviews and meta-
analyses [25]. The following electronic databases were
searched up to January 2019: PubMed, Embase,
MEDLINE, and ClinicalTrials.gov. The search strategy
used the following relevant medical subject heading
(MeSH) terms, keywords, and word variants: singleton
pregnancies, spontancous reduction, spontaneous fetal
reduction, vanishing twins, vanishing twin syndrome,
and VTS. We also examined the reference lists of all
known primary studies and review articles to obtain
additional references.

@ Springer

Study selection

Studies that compared the obstetric outcomes between
ART singletons with VTS and original ART singletons
were considered eligible. In the case of double publica-
tion, studies that reported the largest sample size or the
most obstetric outcomes were included. Only studies
published on peer-reviewed journals in English language
were included. Exclusion criteria were as follows: (1)
case report, case series, or reviews; (2) only abstract
available; (3) studies that included women who
underwent selective fetal reduction; (4) studies that did
not report our interested obstetric outcomes; and (5)
studies that did not restrict the live birth number of
pregnancies with VTS to singleton. Studies were select-
ed independently by two reviewers and checked by a
third.

Data extraction

The following data were extracted from each included
study: author’s names, location, time period, sample size,
VTS definitions and descriptions, and information about
the participants. The following outcomes were included:
gestational age at delivery (GA), mean birth weight (BW),
preterm birth (< 37 weeks) (PTB), very preterm birth (<
32 weeks) (VPTB), low birth weight (< 2500 g) (LBW),
very low birth weight (< 1500 g) (VLBW), small for
gestational age (SGA, as defined by the authors of the
included studies), antepartum hemorrhage (APH) (combi-
nation of placenta previa, placental abruption, and other
bleeding), gestational hypertensive disorders (GHD) (in-
cluding pregnancy-induced hypertension, pre-eclampsia,
and eclampsia), mortality, and congenital anomalies.
Data were extracted independently by two reviewers and
checked by a third. Any disagreements were resolved by
discussion between the reviewers.

Quality assessment

Two authors independently assessed the risk of the included
studies. The quality of each included study was assessed using
the Newcastle—Ottawa Scale (NOS) for the observational
studies, which is recommended by the Cochrane
Collaboration. NOS is a critical appraisal tool consisting of 9
questions to appraise an observational study systematically in
three broad domains: selection of the study group, compara-
bility between groups, and outcomes of study group (cohort
study)/ascertainment of exposed or not exposed cohorts (case-
control study). A score is then allocated out of 9. A study
earning zero to three stars was considered to be poor quality,
four to six stars were considered to be fair quality, and seven
or more stars were considered to be of high quality.
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Overall quality of the body of evidence

We also assessed the quality of the evidence of the included
studies using the GRADE approach, which in turn is based on
the number of studies, design of studies, consistency of asso-
ciations between studies, study limitations, directness, preci-
sion, publication bias, effect size, and relative and absolute
effect [15]. We can categorize the quality as high, moderate,
low, or very low, accordingly to predefined criteria. The qual-
ity levels are high level, we are very confident that the true
effect lies close to the observed in this review (very confident);
moderate level, moderately confidence; low, limited confi-
dence; and very low, very little confidence. It must be empha-
sized GRADE stars of an observational study started at low
level (level 2) but might be upgraded (or downgraded) [15].

Statistical analysis

We conducted all data analyses through STATA software
12 (Stata Corp, College Station, TX, USA). For dichoto-
mous data, including PTB, VPTB, LBW, VLBW, SGA,
APH, GHD, and congenital anomalies, we calculated the
odds ratio (OR) with 95% confidence intervals (CI). For
continuous data, including GA and BW, weighted mean
difference (WMD) with 95% CI were calculated.
Heterogeneity was assessed using /> statistics. If heteroge-
neity was moderate (P > 30%) or substantial (7 > 50%),
we further conducted subgroup analyses and sensitivity
analyses [17]. Meta-analysis was conducted using a ran-
dom effects model. Risk of bias across studies was
assessed using visual inspection of funnel plots and the
Egger’s test [11]. We have limited our assessment of pub-
lication bias to two important obstetric outcomes, namely,
GA and BW, as they were widely reported in the literature,
allowing comparisons between different studies.

Other analyses

We performed sensitivity analyses to evaluate whether the
conclusions would have differed if we restricted eligibility to
(1) studies that deemed to be of high quality; (2) studies that
only included women who underwent autologous embryo(s)
transfer; (3) studies that excluded all monochorionic twin
pregnancies; and (4) studies where VTS and singleton groups
had no significant differences in maternal ages.

Since no limitation on the initial gestational sac num-
ber of singleton pregnancies with VTS was established,
we performed the first subgroup analysis based on ini-
tial number of gestational sac. Compared with gestation-
al age, ultrasonic visualization is a more reliable way to
confirm the intrauterine growth of the fetus. Therefore,
studies that identify the intrauterine growth stage by
ultrasound when VTS occurred were not furtherly

subdivided according to the vanishing timing. If a study
did not give a clear explanation on the intrauterine
growth stage, those studies were subdivided according
to the vanishing timing. In line with this strategy, four
groups were established: (1) intrauterine growth stage,
gestational sac with cardiac activity; vanishing timing,
not limited; (2) intrauterine growth stage, empty gesta-
tional sacs; vanishing timing, not limited; (3) intrauter-
ine growth stage, not limited; vanishing timing, < 14
weeks; (4) intrauterine growth stage, not limited;
vanishing timing, not limited. Therefore, the second
subgroup analysis was performed, dividing studies into
these four groups. To ecliminate the potential influence
of initial number of gestational sac, we performed the
third subgroup analysis based on the same four groups
but excluded studies that did not restrict the initial num-
ber of gestational sac to two. The forth subgroup anal-
ysis was performed based on mean women’s age of
VTS group. If the mean maternal age of VTS group
was less than 35 years, this study would be regarded
as “mean maternal age < 35 years”: otherwise, the study
would be regarded as “mean maternal age > 35 years.”
In order to exactly explore the impact of maternal age,
only studies where VTS and singleton groups had no
significant differences in maternal ages were included.
One additional subgroup analysis was performed stratify-
ing studies that defined SGA as birth weight below the 10th
percentile according to gestational age at delivery and those
defined SGA as birth weight less than 2 standard deviations

Results
Results of the searches

The search strategy yielded a total of 2374 articles.
After removing the duplicates, 1413 articles were
screened by title and abstract. Of these, 1388 articles
were excluded because they were undoubtedly not rele-
vant to the present meta-analysis (Fig. 1). The full text
of the remaining 25 articles was assessed for eligibility,
of which 8 were excluded: four for including women
who underwent artificial fetal reduction [4, 5, 31, 38],
two for estimating the impact of VTS by comparing
outcomes between singletons with VTS and original
twins [14, 16], one for not restricting the live birth
number of pregnancies with VTS to singletons [2],
and one for overlapping a population reported by other
included studies [29]. Finally, 17 studies were included
for meta-analyses [1, 7-13, 19, 21-24, 27, 28, 33-35,
42, 43]. The main characteristics and assessment for
risk of bias of included studies are presented in Table 1.
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Fig. 1 Flow diagram of study
selection for the meta-analysis

Records identified through PubMed
database searching
(n=1596)

Records identified through other
database searching
(n=778)

Records after duplicates removed
(n=1413)

Characteristics of included studies

Three studies provided information on the demographic char-
acteristics of neither singleton pregnancies with VTS nor orig-
inal singletons [9, 19, 42]. Four studies only included women
who underwent autologous embryo(s) transfers [10, 27, 33,
34]. Ten studies excluded monochorionic twin pregnancies [1,
7,10, 19, 21, 23, 24, 27, 33, 43]. In included twelve studies,
there is no significant difference in maternal age between VTS
and original singletons groups [1, 7, 10, 13, 21, 23,24, 27, 28,
34, 35, 43].

Although all included studies reported the obstetric out-
comes of singleton pregnancies diagnosed with VTS, the
VTS definition varied in the aspect of intrauterine growth
stage. VTS in two studies was defined as cases where two
gestational sacs with cardiac activity were detected between
6 and 7 weeks and only one with cardiac activity was detected
thereafter [1, 43]. VTS in three studies was defined as the
spontaneous reduction of an empty gestational sac or fetus with
no cardiac activity [7, 23, 28]. The VTS definition also varied
in aspect of vanishing timing. Among remaining studies that
did not elaborate the intrauterine growth stage, eight excluded
cases in which VTS happened after 14 weeks [7, 10, 13, 19,
23, 24, 28, 33]. Moreover, the definition of VTS also varied in

@ Springer

A

Records excluded
(n=1388)

Records screened
(n=1413)

A 4

A

Full-text articles assessed
for eligibility »
(n=25)

Full-text articles excluded,
with reasons
(n=8)

Reasons for exclusion are
listed in Result

Studies included in
qualitative synthesis
(n=17)

A

Studies included in
quantitative synthesis
(meta-analysis)
(n=17)

terms of initial number of gestational sac. Three studies includ-
ed both triple-to-singleton VTS and twin-to-singleton VTS
[10, 27, 42]; two studies did not clarify the initial number of
gestational sac in VTS group [22, 34]. The remaining studies
only included VTS with initial number of two.

SGA was defined as birth weight less than 2 standard de-
viations of the mean for that gestation [34] or less than the
10th percentile [1, 7, 10, 22, 24, 35] according to gestational
age in a reference population.

Synthesis of results

The pooled results were reported in Table 2 and Figs. 2, 3, 4,
and 5. Singleton pregnancies with VTS are associated with
significantly shorter GA [WMD, — 0.27; 95% CI, — 0.44, —
0.11 P = 72%; Fig. 2] and lower BW [WMD, — 125.33; 95%
CI,— 162.93,—87.73; > = 73%; Fig. 3] than original singleton
pregnancies. Moreover, the risks of PTB [OR, 1.48; 95% CI,
1.19, 1.85; = 69.5%; Fig. 4], VPTB [OR, 2.04; 95% CI,
1.43,2.51; P =15%], LBW [OR, 1.78; 95% CI, 1.35, 2.33; I
= 76%; Fig. 5], VLBW [OR, 2.09; 95% CI, 1.39, 3.14; F* =
32%], SGA [OR, 1.81; 95% CI, 1.14, 2.87; > = 77%], and
mortality [OR, 3.07; 95% CI, 1.63, 5.80; P= 0%] were higher
in the singletons with VTS than original singletons. No
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Study
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stage: not limited; timing: <14 weeks
Dickey et al. (2002)

%

WMD (95% Cl) Weight
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, |
stage: not limited; timing: not limited :
Pinborg et al. (2005) = 060 (-0.87,-033) 936
Shebl et al. (2008) —_— 0.30(121,061) 263
Luo et al. (2018) - 020 (-0.31,-009) 11.92
Sazonova et al. (2011) —t 0.30(0.72,012)  6.90
Magnus et al. (2017) - -0.23(-0.45,-001)  10.31
Subtotal (l-squared = 45.2%, p = 0.121) Q -0.30 (-0.46,-0.14)  41.11
> I
stage: empty gestational sac without cardiac activity :
Pinborg et al. (2005) — 0.10 (0.36,0.16)  9.62
Mansour et al. (2010) —&— 020 (068,028 6.15
Subtotal (-squared = 0.0%, p = 0.717) [<:> 0.12(-0.35,010) 1577
I
stage: gestational sac with cardiac activity :
Among et al. (2010) —_— ! 310 (-4.14,-206) 2.12
Zhou et al. (2016) —_— -0.29 (-0.67,009)  7.51
Subtotal (--squared = 96.0%, p = 0.000) : 1.65(-4.40,1.10) 963
. I
Overall (--squared = 70.0%, p = 0.000) (} 0.27 (-0.44,-0.11)  100.00
I
I
)

NOTE: Weights are from random effects analysis
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Fig. 2 Forest plot of the included studies reporting data on gestation age (GA)

significant difference was observed between two groups for
APH [OR, 1.53; 95% CI, 0.83, 2.88; I = 0%], GHD [OR,
1.20;95% C1, 0.67, 2.18; P= 35%], and congenital anomalies
[OR, 1.23; 95% CI, 0.88, 1.73; > = 37.9%)]

Risk of bias across studies

All included studies were of observational design. The risks of
bias of included studies were reported in Table 1. The risk of
significant bias across studies regarding the primary outcome
was rejected by Egger’s test (P = 0.079 for GA and P = 0.381
for BW) and visual inspection of the funnel plots (Fig. 6).

Additional analyses

The first sensitivity analysis restricting eligibility to studies
deemed to be of high quality was reported in Table 2. The
results from the first sensitivity analysis did not alter the di-
rection or magnitude of the observed effects except for the
observed effect of SGA.

The results from the second sensitivity analysis, which re-
stricted to studies that only included women who underwent
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autologous embryo transfer, showed that there was no differ-
ence between singletons with VTS and original singletons for
GA (three studies; 8611 participants; OR, — 0.23; 95% CI, —
0.48,0.01; P= 0%) and PTB (three studies; 9220 participants;
OR, 1.48;95% CI, 0.58, 2.58; P= 67.5%). However, single-
tons with VTS were associated with significantly lower BW
(four studies; 12,660 participants; OR, — 91.94; 95% CI, —
120.15, — 63.72; P> = 0%) and higher risk of LBW (three
studies; 8404 participants; OR, 1.60; 95% CI, 1.27, 2.01; P
= 2.7%) than original singletons.

The results from the third sensitivity analysis, which re-
stricted to studies that excluded all monochorionic twin preg-
nancies, showed that all outcomes did not alter the direction or
magnitude of the observed effects: singletons with VTS were
associated with significantly shorter GA (eight studies; 26,436
participants; WMD, — 0.41; 95% CI, — 0.71, — 0.11; P =
80.7%), lower BW (nine studies; 29,201 participants;
WMD, — 140.86; 95% CI, — 202.28, — 79.43; I* = 81.5%),
and higher risks of PTB (seven studies; 26,340 participants;
OR, 1.91; 95% CI, 1.26, 2.88; F* = 75.1%) and LBW (seven
studies; 25,449 participants; OR, 1.94; 95% CI, 1.27, 2.95; P
= 81.7%) than original singletons.
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Fig. 3 Forest plot of the included studies reporting data on mean birthweight (BW)

The results from the fourth sensitivity analysis showed that
singletons with VTS are associated with significantly shorter
GA (ten studies; 35,296 participants; WMD, — 0.37; 95% CI,
- 0.62, — 0.13; P = 78%), lower BW (ten studies; 37,372
participants; WMD, — 160.95; 95% CI, — 212.58, — 109.31;
P = 77%), and higher risks of PTB (seven studies; 31,327
participants; OR, 1.78; 95% CI, 1.29, 2.44; P = 71%) and
LBW (eight studies; 30,880 participants; OR, 2.11; 95% CI,
1.52,2.94; P = 78%) than original singletons, which indicated
that all outcomes did not alter the direction or magnitude of
the observed effects.

The first subgroup based on initial number of gestational
sac found that significantly shorter GA (WMD, — 0.25; 95%
CI, — 0.44, — 0.06; > = 0%), lower BW (WMD, — 98.58; 95%
CL — 124.84, - 72.32; P = 0%), and significantly higher risk
of LBW (OR, 1.56; 95% CI, 1.05, 2.29; P = 36%) were
observed between VTS singletons with 3 or more initial ges-
tational sacs versus original singleton. Moreover, restricting
the initial number to two did not alter the direction or magni-
tude of the effects observed in the first subgroup.

The second subgroup analysis was able to explain the ob-
served heterogeneity and/or identify a specific subgroup that

alters the direction or magnitude of the observed effects. No
significant difference in GA (Fig. 2), PTB (Fig. 4), and LBW
(Fig. 5) between singletons with VTS and original singletons
was revealed by the subgroup analysis on the studies that only
defined VTS as the spontaneous reduction of empty gestation-
al sac or fetus with no cardiac activity. Moreover, no differ-
ence in GA (Fig. 2), PTB (Fig. 4), and LBW (Fig. 5) was
observed between singletons in which VTS occurred at or
before 14 weeks without identification of intrauterine growth
stage and original singletons.

The third subgroup analysis based on the vanishing timing
and developmental stage, but excluded studies that did not
restrict the initial number of gestational sac to two did not alter
the direction or magnitude of the effects observed in the sec-
ond subgroup.

The fourth subgroup analysis based on maternal age found
that no difference in GA (WMD, —0.30; 95% CI, — 0.72, 0.12)
and PTB (OR, 1.16;95% CI, 0.72, 1.86; P= 0%) was revealed
by the subgroup analysis on studies in which mean women’s
age is equal to or more than 35 years. However, significantly
shorter GA (WMD, — 0.39; 95% CI, — 0.70, — 0.09; F* = 82%),
lower BW (WMD, — 196.66; 95% CI, — 285.26; — 108.05; F =

@ Springer
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Fig. 4 Forest plot of the included studies reporting data on preterm birth (< 37 weeks) (PTB)

83%), and significantly higher risk of PTB (OR, 2.18; 95% CI,
1.39, 3.43; I = 83%) and LBW (OR, 2.51; 95% CI, 1.56; 4.07;
P = 83%) were observed by the subgroup analysis on studies in
which mean women’s age is less than 35 years.

The additional subgroup analysis separating studies accord-
ing to SGA definition showed that no difference in SGA was
observed between two groups when SGA was defined as birth
weight less than 2 standard deviations of the mean for that
gestation (two studies; 3788 participants; OR, 1.22; 95% CI,
0.70, 2.12; P= 8.7%). However, if SGA was defined as less
than the 10th percentile according to gestational age in a refer-
ence population, singletons with VTS were associated with a
higher risk of SGA than original singletons (six studies; 22,453
participants; OR, 2.11; 95% CI, 1.18, 3.77; > = 81.7%).

Discussion

Couples who underwent VTS often worry about the health of
the survivors. Present study reveals that the prognosis of

@ Springer

singletons with VTS is mainly determined by vanishing
timing and intrauterine growth stage. Surviving singletons
following VTS that happened before 14 weeks, regardless of
growth stage, have similar obstetric outcomes, including GW,
PTB, and LBW, than original singletons. On the contrary,
VTS that happened after 14 weeks was associated with sig-
nificantly lower shorter GA, lower BW, and higher risks of
PTB and LBW than original singletons. When the sac reduced
in VTS was an empty gestational sac, there would be no dif-
ference in GW, PTB, and LBW between singleton and single-
tons with VTS, whereas the loss of a fetus with cardiac activity
is associated with significant adverse obstetric outcomes.

The underlying mechanisms of the fact that adverse out-
comes were more prevalent following pregnancies with VTS
should be discussed in two major aspects. The first and fore-
most aspect is the potential direct impacts including reabsorp-
tion of nonviable fetoplacental tissues [3]. Reabsorption of
necrotic fetoplacental tissue not only results in increased re-
lease of proinflammatory cytokine and prostaglandin, initiat-
ing an inflammatory process, but also remodels the
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Fig. 5 Forest plot of the included studies reporting data on low birth weight (< 2500 g) (LBW)

fetoplacental blood flow [9, 23]. Consequently, these changes
temporarily decrease the nutrition supplement to the surviving
fetus, resulting in relative placental insufficiency.

Taking the direct impact of VTS into consideration, several
clinical or ultrasound variables seem to be important to the
outcomes of pregnancies with VTS. The first is
monochorionic twins, which was associated with a higher
level of direct impact of VTS than dichorionic twins, for
inter-twin vascular anastomoses are invariably present in all
monochorionic placentas [6]. However, even when we re-
stricted eligibility to studies that excluded all monochorionic
twins, the singletons with VTS were still observed to be asso-
ciated with higher risks of adverse outcomes than original
singletons. The second variable is the vanishing timing [24].
Theoretically, the earlier VTS happens, the better the progno-
sis of survival co-twin gets. In line with this, we observed that
no difference in GA, PTB, and LBW was observed between
singletons in which VTS occurred at or before 14 weeks and
original singletons. Recent studies have found that more than
90% VTS occurs within the first 12 weeks of pregnancy [21];

therefore, the prognosis of nearly all VTS cases may be similar
to original singletons. The number of gestational sac vanished
is the third variable influencing the impact of VTS. Although
VTS can occur on any initial number of gestational sacs, the
number of studies that included VTS singletons with 3 or
more initial gestational sacs is limited. Given the unfavorable
outcomes related to triplets and higher order pregnancies,
twins are far more prevalent in pregnancies assisted by ART
[8, 12]. Therefore, current clinical concern focuses more on
the VTS in twin pregnancies. In the present analysis, only five
included studies involved participants with 3 or more initial
gestational sacs, and the number of these participants was very
limited. Subgroup analysis based on initial numbers showed
that for VTS singletons with an initial number of 3 or more
and of 2, both situation were associated with high risk of
adverse obstetric outcomes than original singletons. The
fourth variable is the maternal age as advanced maternal age
is well known to be associated with higher rates of adverse
maternal and neonatal outcomes, including PTB and LBW
[30]. The reasons we speculated why maternal age influence

@ Springer
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Fig. 6 Funnel plot for publication bias for the studies included in this
meta-analysis. a gestational age (GA); b mean birth weight (BW)

the effect of VTS are as follows. The first reason is the deg-
radation of reproductive apparatus of women with advanced
maternal age. It is well known that women with advanced
maternal age are associated with a higher rate of adverse out-
comes, including PTB, LBW, perinatal mortality, and stillbirth,
which may be explained by the physio-pathological changes
regarding the female reproductive apparatus that come with
aging. In other words, temporary placental insufficiency caused
by VTS may have less adverse effects on obstetric outcomes
than physio-pathological changes of female reproductive appa-
ratus caused by advanced maternal age. The temporary placen-
tal insufficiency may not have sufficient ability to significantly
influence the outcomes of women with advanced maternal age.
The second reason may explain this difference is that the VTS
occurs earlier in women with advanced maternal age as physio-
pathological changes of female reproductive apparatus of those
women easily induce the VTS occurrence. The earlier the VTS
occur, the smaller the tissues absorbed. The third reason is that
the number of studies included in “mean maternal age > 35
years” is limited. Therefore, further studies are needed to ex-
plore how maternal age influences the effect of VTS.

@ Springer

The second aspect that connects to the adverse obstetric
outcomes following VTS is the occurrence of varying pathol-
ogies at different time points during the gestation [33]. Recent
studies focusing on the mechanisms of VTS occurrence have
indicated that the low quality of embryo transferred is attrib-
uted to losses of empty gestational sac [26, 41]. On the con-
trary, the demise of a gestational sac is more likely to be
caused by factors [18, 20, 29, 36]. These mechanisms allow
us to hypothesize that loss of gestational sac with cardiac
activity is associated with longer period of insufficient nutri-
tion supplement than the loss of empty gestational sac. Indeed,
we first observed that the heterogeneity is dramatically re-
duced after excluding the studies that defined VTS as cases
where two fetal pulses were detected between 6 and 7 weeks
and only one fetal pulse was detected thereafter. Secondly, no
differences in GA, PTB, and LBW were observed between
original singletons and singletons survived after empty gesta-
tional sacs vanished.

Comparison with other meta-analysis or reviews

Only one meta-analysis evaluating the obstetric outcomes
between singletons with VTS and original singletons was
identified [37]. The Sun’s review concluded that single-
tons with VTS were associated with slightly higher risks
of LBW and VPTB than original singletons. However, the
Sun’s review did not include several of the observational
studies included in our review [7, 13, 21, 22, 24, 28, 34],
four of which [7, 13, 28, 34] were published before 2016,
the end date of Sun’s search window. Additionally, Sun
did not restrict eligibility to studies where only women
who had autologous embryo(s) transfer were included or
monochorionic twin pregnancies were excluded when
drawing their conclusions. Finally, this review did not
examine potential variables to understand their impacts
on the effects of VTS, judging from the clinically and
methodologically heterogeneous trials they reviewed. In
contrast, the abundance of studies we obtained allowed
us to examine the impact of variables.

Limitations

Our study does have certain limitations. The first limitation is
that all included studies are observational studies. Due to the
natural process of VTS, it would not be ethically justified to
perform a randomized study to explore how VTS influences
the obstetric outcomes. In other words, no randomized study
can be made in the field of determining the effect of VTS. Due
to the inherent methodological limitations of observational
studies, some potential confounding factors are carefully scru-
tinized in order to avoid bias. Therefore, we performed several
sensitivity analyses to eliminate the influence of confounding
factors.
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The second limitation is that the definition of VTS is dif-
ferent among included studies. Due to the uncertain nature of
VTS itself, it is impossible to control the occurrence of VTS.
Although no artificial design exists, nearly all studies on the
topic of VTS artificially divided VTS cases according to the
vanishing timing and developmental stage when VTS occurs.
According to the definition of each study, we divided all stud-
ies into four groups, and the subgroup analysis based on these
four groups not only explain the observed heterogeneity but
also identify a specific subgroup that alters the direction or
magnitude of the observed effects, which are helpful in clini-
cal counseling.

The third limitation of the current review is that we were
not able to estimate the longer-term survival and handicap
rates among the surviving infants. Several studies reported
that infant mortality and handicap rates are highly dependent
on gestational age at delivery. Therefore, the influence of VTS
over the mortality and handicap rates is likely to be reflected
by the number of VPTB infants in each group.

The fourth limitation is the long time span of this meta-
analysis. The publish year of included studies ranged from
2002 to 2019. In nearly two decades the ultrasonic diagnosis
has been vastly improved and extensively utilized, allowing
more accurate detection of early stage VTS before week 8.
The existing studies focusing on the incidence of VTS are
rendered obsolete. Meanwhile, increased clinical awareness
to VTS and associated treatment strategy have been improv-
ing the prognosis. Therefore, further studies are required for
providing more detailed information about frequency of VTS
phenomenon and exploration into its treatment strategies, es-
pecially among IVF/ICSI pregnancies.

Conclusion

Current evidence shows that the obstetric outcomes of
singletons with VTS are highly dependent on the defi-
nition of VTS, precisely, the vanishing timing and in-
trauterine growth stage. If VTS was defined as loss of
an empty gestational sac or defined as loss of a gesta-
tional sac that occurs at or before 14 weeks without
identification of intrauterine growth stage, no differences
in the GA, PTB, and LBW would be observed between
singletons with VTS versus original singletons. These
results may help clinical counseling, for VTS at or be-
fore 14th week, or VTS with spontaneous reduction of
an empty sac regardless of timing, no immediate mea-
sures would be required. On the contrary, significantly
shorter GW and lower BW, as well as higher risks of
PTB and LBW, were observed when VTS occurred af-
ter 14 weeks or a fetus with cardiac activity was re-
duced. In these scenarios, the patients should look for
close obstetrical care.
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