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Vanishing twin syndrome is
associated with first-trimester
intrauterine hematoma in
twin pregnancies after in
vitro fertilization
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Research question: Is there an association between intrauterine hematoma

(IUH), vanishing twin syndrome (VTS), and subsequent complications in twin

pregnancies after in vitro fertilization (IVF)? What are the risk factors for these

complications?

Design:Women who presented with two live gestational sacs following double

embryo transfer were included. Patients with systematic diseases, artificial fetal

reduction, and incomplete data were excluded. Further stratification of IUH

pregnancies was performed according to IUH-related characteristics (i.e.,

volume, changing pattern, and relationship with fetal cardiac activities). The

primary outcome was the incidence of VTS, while adverse outcomes in the

surviving singleton and the gestational age of VTS were secondary outcomes.

Results: The incidence of IUH was 13.8%. A total of 1,078 twin pregnancies

including 539 IUH pregnancies and 539 non-IUH pregnancies were included.

IUH pregnancy was associated with higher risks of VTS (26.9% vs. 18.7%, p =

0.001) as well as a higher incidence of preterm birth (p = 0.001, crude OR =

1.98, 95% CI 1.28–3.09, adjusted OR = 1.19, 95% CI 1.09–1.24), threatened

abortion (p < 0.001, crude OR = 9.12, 95% CI 2.90–28.69, adjusted OR = 6.63,

95% CI 1.69–14.67), and postpartum hemorrhage (p = 0.024, crude OR = 3.13,

95% CI 1.09–8.99, adjusted OR = 1.16, 95% CI 1.08–1.32) in the surviving

singleton. There was no significant difference in risks of other complications.

The absence of fetal cardiac activities at the diagnosis of IUH predicted VTS (p <

0.001, crude OR 4.67, 95% CI 3.67–5.78, adjusted OR 3.33, 95% CI 1.56–5.14)

and fetal loss at smaller gestational age (7.81 ± 2.10 vs. 11.39 ± 5.60 weeks, p <

0.001), while an IUH with an increasing volume did not increase the risk of VTS
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but might induce threatened abortion in the surviving fetus (p < 0.001, crude

OR 1.84, 95% CI 1.32–2.55, adjusted OR 1.72, 95% CI 1.13–2.13).

Conclusions: IUH was a risk factor for VTS in twin pregnancies following

double embryo transfer and elevated the risks of threatened abortion,

preterm birth, and postpartum hemorrhage in the surviving singleton. The

absence of fetal cardiac activities at the diagnosis of IUH elevated the risks of

VTS, while an IUH with an increasing volume was associated with threatened

abortion without elevating the risks of VTS. An IUH diagnosed before the

presence of fetal cardiac activities also resulted in an earlier miscarriage. The

study suggests that attention be paid to twin pregnancies with first-trimester

IUH to prevent VTS and subsequent adverse perinatal outcomes.

Highlights: First-trimester intrauterine hematoma (IUH) following double

embryo transfer is associated with a higher incidence of vanishing twin

syndrome (VTS) and elevated subsequent risk of threatened abortion,

preterm birth, and postpartum hemorrhage in the surviving singleton. Other

perinatal outcomes were not associated with the diagnosis of first-trimester

IUH. The absence of fetal cardiac activities at the diagnosis of IUH was of

predictive value toward VTS, while an IUH with an increasing size was

associated with threatened abortion without elevating the risk of VTS.

Incomplete fetal cardiac activities and earlier detection of an IUH might also

predict miscarriage at smaller gestational age.
KEYWORDS

intrauterine hematoma, twin pregnancy, vanishing twin syndrome, fetal cardiac
activities, threatened abortion
Introduction

Intrauterine hematoma (IUH) is a common gestational

complication characterized by a hypoechoic or anechoic

crescent-shaped area found through ultrasonic examinations.

The incidence rate of IUH varies from 0.46% to 39.5% (1–3), as

different definitions of IUH, inclusion criteria, and ultrasound

equipment were applied in diverse study populations (4).

Symptoms associated with intrauterine hematoma included

vaginal bleeding and pelvic pain, while some cases could be

independent of the patient’s subjective symptoms (2, 5). In

previous studies, a positive correlation between the presence of

an IUH and an uplifting incidence of singleton miscarriages and

other adverse perinatal outcomes or insignificant results were

reported. Tuuli et al. suggested that women who experienced

first-trimester IUH were at a twofold increased risk of both early

and late pregnancy loss (6–8). Other perinatal outcomes

including placental abruption, preterm premature rupture of

the membrane (PPROM), pre-eclampsia, fetal restriction, and

preterm delivery were also shown to be of higher incidence (6, 9,

10). However, discrepant findings were reported in some studies
02
where IUH was not associated with adverse pregnancy outcomes

(1, 2, 11). Additional controversies lie in the effect of IUH-

related characteristics (i.e., volume, location, gestational age at

diagnosis, duration, and the presence of vaginal bleeding), as

some of these characteristics were shown to impact pregnancy

outcomes, whereas other cohorts found no direct correlations (4,

12). Notably, existing literature was mainly about singleton

pregnancies following spontaneous conception, and very little

research focused on vanishing twin syndrome (VTS) during twin

pregnancies following assisted reproduction, which was the

theme of our study.

With the growing prevalence of infertility (13) and extensive

application of assisted reproductive technology (ART), the rate

of twin pregnancy has been increasing accompanying the use of

double embryo transfer, which was being performed as a routine

ART method in China (14). In prior studies, several studies

reported that the frequency of IUH was 12.1%–22.4% in the in

vitro fertilization (IVF) group (15), which was significantly

higher compared with the frequency of 11%–12.4% in the

non-IVF group (7, 16), indicating that assisted conception was

an independent risk factor for high IUH rates (16, 17).
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Vanishing twin syndrome, defined as the spontaneous

miscarriage of one fetus in the uterine, was estimated to occur

in 36% of twin pregnancies (18). Specifically, the occurrence of

VTS might also elevate the risk of several perinatal

complications, putting both the mother and the fetus at risk (19).

As both IVF and twin pregnancy were found to be associated

with either higher rates of IUH or the occurrence of VTS, few

reports featured the potential effect of IUH on twin pregnancies

after in vitro fertilization–embryo transfer (IVF-ET) and the role

of IUH-related characteristics in the development of VTS and

subsequent complications. Therefore, the purpose of this study

was to investigate whether IUH played an important role in

altering the risks of VTS and follow-up adverse pregnancy

outcomes in pregnant women after IVF-ET and to examine

the effect of different IUH-related characteristics (i.e., volume,

gestational age at diagnosis, and presence of cardiac activity) on

pregnancy complications.
Materials and methods

Participants

This was a retrospective observational cohort study

conducted in two reproductive centers, the Peking University

Third Hospital and Xiamen University Women and Children’s

Hospital. The study was approved by the Ethics Committee of

Peking University Third Hospital (reference number:

IRB00006761-M2020572) and the Ethics Committee of

Xiamen University Women and Children’s Hospital (reference

number: KY-2022-015-K01).

We reviewed the clinical records and laboratory records of

all patients diagnosed with twin pregnancies at the first

ultrasound examination after ART between January 2016 and

December 2018. In the two centers, all patients underwent

routine examination of serum human chorionic gonadotropin

(HCG) at 14 and 21 days after embryo transfer and received

trans-vaginal sonogram (TVS) at 5 0/7 to 10 6/7 weeks of

gestation to identify early pregnancy, subsequent TVS was

routinely performed at 2-week intervals until 10–11 weeks of

gestation if the pregnancy continued to progress. Further

ultrasound examinations and laboratory tests were performed

according to standard obstetrical guidelines after 11–12 weeks of

gestation (20). Notably, no patients in our study had extra TVS

due to the diagnosis of an IUH or the occurrence of

uncomfortable symptoms such as vaginal bleeding.

In our study, an IUH was defined by the crescent-shaped

collection of fluid between the chorionic membrane and the

myometrium, with the largest diameter being determined as the

largest of the three orthogonal measurements obtained from the

fluid collection area. Non-IUH was defined as the absence of an

IUH during the whole gestation period. Gestational age was

calculated based on the time of embryo implantation, while the
Frontiers in Endocrinology 03
presence of vanishing twin syndrome was defined as vanished or

viable fetal intrauterine demise in one of the twins. Gestational

age at miscarriage, however, was determined by ultrasound

estimation according to the volume of the demise fetal bud.

The diagnosis of intrauterine hematoma, measurement of IUH-

related characteristics, and the determination of first-trimester

pregnancy complications were completed by experienced

ultrasound practitioners.

Our inclusion criteria were the presence of two gestational

sacs determined by trans-vaginal ultrasound during 5 0/7 to 10

6/7 weeks of gestation. Exclusion criteria included 1) patients

with existing maternal high blood pressure, endocrine, and

coagulation disorders as well as those with fetal structural

malformations and chromosomal abnormalities; 2) patients

with uterine factor infertility; 3) fetal reduction; 4)

monoamniotic twin pregnancy; 5) lost to follow-up. Therefore,

539 IUH pregnancies were recruited in this study, and 539 non-

IUH pregnancies were included after matching with the IUH

group in terms of maternal age ( ± 5 years), cycle type, and stage

of the embryo during implantation (Figure 1).

The IUH group was further classified into subgroups

according to the occurring time of an IUH (before or after the

presence of fetal cardiac activities) or the changing pattern of the

volume of an IUH. The presence of fetal cardiac activities was

evaluated via an electric database, as all pregnancies were

categorized based on whether cardiac activities of the two

fetuses were observed at the diagnosis of an IUH. The

changing pattern of an IUH was defined by the consecutive

ultrasound record, which kept track of the three orthogonal

measurements of an IUH and was categorized into those with an

increasing volume and those with a decreasing volume. To be

exact, we calculated the volume by multiplying three orthogonal

measurements of an IUH (measure 1 × measure 2 × measure 3)

and multiplying these values by the constant 0.52, as suggested

by Campbel (21). Patients who did not obtain at least two

ultrasound records were not included in these subgroup

analyses, as further classification of IUH pregnancies was

performed only in cases with complete data.
Data collection

Demographic features and clinical information including

patients’ medical history, laboratory findings, and ultrasound

records were obtained through electrical medical records.

Maternal age, body mass index (BMI), cause of infertility, and

gestational history were collected as demographic features, while

current assisted reproduction records including cycle type (fresh

embryo transfer and frozen embryo transfer), stage of the

embryo, method of fertilization (in vitro fertilization and

intracytoplasmic sperm injection), controlled ovarian

stimulation (COS) protocols, and pregnancy results were

reviewed. Ultrasound records featuring the condition of fetuses
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and IUH-related characteristics were also documented through

the electrical database of the hospital.
Outcomes measured

Several outcome measures were investigated in this study:

the primary outcomes included the rate of VTS, while the

secondary outcomes featured the application of cesarean

section, the incidence of pre-eclampsia, fetal growth

restriction, placental abruption, PROM, postpartum

hemorrhage, and threatened abortion, accompanied with

neonatal outcomes including low birth weight (<2,500 g),

macrosomia (>4,000 g), and preterm birth (<37 weeks). Data

related to all outcome measures mentioned above were acquired

through either the hospital’s electric database (if the patient

delivered in Peking University Third Hospital or Xiamen

University Women and Children’s Hospital) or telephone

interview (if the patient did not deliver in Peking University

Third Hospital or Xiamen University Women and Children’s

Hospital) at 24, 28, and 37 weeks of gestation and 42 days

after childbirth.
Statistical analysis

Statistical analysis was performed by using SPSS version 26.0

and R 4.0.4. The continuous variables in accordance with normal

distribution were presented with mean ± standard deviations,

and an independent t-test was used to compare the results of

different studying groups. Those that did not fit the normal

distribution were shown as median (25% quartile, 75% quartile)
Frontiers in Endocrinology 04
and were compared using the Kruskal–Wallis test. The

categorical variables, however, were described as numbers (%)

and were compared using the chi-square test. Risk analysis was

demonstrated through crude odds ratios (ORs) and 95%

confidence intervals (CIs), while adjusted odds ratios were

calculated after applying a logistic regression model to adjust

for potential cofounders. Correlations between different

variables were analyzed using a restricted cubic spline (smooth

curve). p-Values were considered significant at less than 0.05.
Results

Demographic characteristics, elevated
risks of VTS, threatened abortion, and
postpartum hemorrhage in IUH
compared with non-IUH pregnancies

A total of 4,128 pregnant women were diagnosed as twin

pregnancy at 6 0/7 to 8 6/7 weeks of gestation after ART cycles

were carried out in Peking University Third Hospital

Reproductive Center (2,074 women) and Xiamen University

Women and Children’s Hospital Reproductive Center (2,054

women) between January 2016 and December 2018. A total of

570 pregnancies were discovered with IUH in the first trimester,

and the total incidence rate of IUH was 13.8% (570/4128) in two

centers, with 12.1% (250/2074) in Peking University Third

Hospital Reproductive Center and 15.6% (320/2055) in

Xiamen University Women and Children’s Hospital.

After a retrospective review of all records of 570 twin

pregnancies with IUH, 539 women were involved based on the

inclusion and exclusion criteria (Center A, n = 238; Center B, n =
FIGURE 1

Flowchart showing the study selection of women with or without an IUH pregnancy and the incidence of pregnancy outcomes categorized by
the number of live births. Center A, Peking University Third Hospital; Center B, Xiamen University Women and Children’s Hospital; IUH,
intrauterine hematoma.
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301). A total of 539 non-IUH twin pregnancies were included

after matching with maternal age, cycle type, and stage of the

embryo during implantation of IUH twin women at the

proportion of 1:1 (Center A, n = 272; Center B, n =

267) (Figure 1).

The demographic characteristics and baseline medical

information are shown in Table 1, and no differences were

observed in patients from different centers except for maternal

BMI (Supplementary Table 1). In addition, IUH and non-IUH

patients received their first ultrasound scan at similar gestational

weeks without statistical significance (6.93 ± 0.68 vs. 6.88 ± 0.58,

p = 0.194) and had undergone a similar number of ultrasound

scans during the first trimester of pregnancy (2.18 ± 0.56 vs. 2.15

± 0.89, p = 0.508). Compared with the non-IUH group, patients

who were diagnosed with an IUH had higher rates of VTS. In the

IUH group, 12.4% (67/539) patients suffered from complete

spontaneous abortion, and 26.9% (145/539) patients had

experienced vanishing twin syndrome, while the rate in the

non-IUH group was 4.5% (24/539) and 18.7%(101/539)

respectively. Other demographic features and pregnancy

characteristics were statistically insignificant (Table 1).
Comparing other subsequent pregnancy
outcomes after VTS between IUH and
non-IUH pregnancies

Vanishing twin syndrome was considered to be the most

important adverse pregnancy outcome in IUH pregnancies, as

the ratio of fetal loss was higher in the IUH group compared with

the non-IUH group. To further analyze whether the occurrence

of IUH was associated with other adverse pregnancy outcomes

in the second or third trimester, we investigated the subsequent

perinatal outcomes in patients experiencing first-trimester VTS.

Aside from elevated risks of threatened abortion, preterm birth,

and postpartum hemorrhage in the surviving singleton, other

complications including fetal growth restriction, low birth

weight, and placental abruption were not statistically

significant between IUH and non-IUH pregnancies (Table 2).

In general, our data suggested that the occurrence of IUH is

associated with the occurrence of threatened abortion, preterm

birth, and postpartum hemorrhage followed by the incidence of

VTS, while other adverse outcomes were not elevated by first-

trimester IUH.
Correlation between IUH-related
characteristics and perinatal outcomes in
IUH pregnancies

In order to further investigate how IUH-related

characteristics affect VTS and other perinatal outcomes in twin
Frontiers in Endocrinology 05
pregnancies, subgroup analyses were performed. First, we tried

to analyze whether the occurring time of IUH influenced

pregnancy outcomes. All twin pregnancies with an IUH were

classified into two groups based on whether IUH was diagnosed

before or after the cardiac activity of the fetuses. Among 145

IUH pregnancies with VTS, 142 pregnancies were included

while 3 were excluded due to a lack of ultrasound information

regarding the discovery of fetal cardiac activities. It was

suggested that the presence of an IUH before the discovery of

fetal cardiac activities was more likely to result in vanishing twin

syndrome (89.5% vs. 20.1%, p < 0.001, crude OR 4.67, 95% CI

3.67–5.78, adjusted OR 3.33, 95% CI 1.56–5.14) compared with

an IUH after fetal cardiac activities. In IUH pregnancies

experiencing VTS, a similar analysis was performed to

determine the correlation between perinatal outcomes and an

IUH diagnosed before or after the establishment of fetal cardiac

activities. It turned out that no significant differences were found

in other adverse pregnancy outcomes subsequent to VTS in the

surviving fetus (Supplementary Table 2).

Moreover, in order to analyze how the changing pattern of

an IUH affects pregnancy outcomes, we classified IUH

pregnancies into two subgroups according to whether the

volume of hematoma was increasing or decreasing. A total of

128 pregnancies including 64 pregnancies with an increasing

IUH and 64 with a decreasing IUH were included, while 17 were

excluded with only one valid documentation of accurate IUH

size. We found that the changing pattern of an IUH was not

associated with a significant difference in VTS rates, while IUH

pregnancies with an increasing volume of hematoma were prone

to experience higher possibilities of several adverse pregnancy

outcomes than those with a decreasing volume of hematoma. In

the surviving singleton, the incidence of threatened abortion was

found to be higher (p < 0.001, RR 1.84, 95% CI 1.32–2.55) in the

former group where the volume of IUH increased during

pregnancy. The related data are shown in Table 3.
The association between gestational age
at VTS and IUH-related characteristics

Noticing the higher risks of miscarriage in IUH pregnancies,

we applied a non-linear regression model to study the

correlation between the gestational age at VTS and IUH-

related characteristics including the volume of an IUH,

gestational age at IUH diagnosis, presence of fetal cardiac

activities at IUH diagnosis, and a changing volume of an IUH.

As a result, we found that an IUH diagnosis after the presence of

fetal cardiac activities (p < 0.001, R2 = 0.222) and at later

gestational age (p < 0.001, R2 = 0.262) might be associated

with later miscarriage, whereas no additional correlations were

found between the gestational age at a fetal loss and other IUH

characteristics (Figure 2).
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TABLE 1 Demographic characteristics and clinical information in patients with and without intrauterine hematoma.

Characteristics
IUH Non-IUH

p-Value
(n = 539) (n = 539)

Maternal age (years) 30.86 ± 4.09 30.56 ± 4.02 0.670

Maternal BMI (kg/m²) 22.92 ± 3.25 22.82 ± 3.78 0.778

Duration of infertility (years) 3.72 ± 2.95 3.87 ± 2.86 0.592

Previous gestations

0 179 (33.2%) 143 (26.5%)

0.0531 151 (28.0%) 158 (29.3%)

≥2 209 (38.8%) 238 (44.2%)

Previous pregnancies

0 457 (84.8%) 451 (83.7%)

0.8771 67 (12.5%) 73 (13.6%)

≥2 15 (2.7%) 15 (2.7%)

Previous ART cycles

0 332 (61.6%) 328 (60.9%)
0.803

≥1 207 (38.4%) 211 (39.1%)

Etiology of infertility

Female 176 (32.6%) 176 (32.6%)

0.640
Male 190 (35.3%) 191 (35.4%)

Both 109 (20.2%) 100 (18.6%)

Idiopathic 64 (11.9%) 72 (13.4%)

PCOS

Yes 70 (13.0%) 56 (10.3%)
0.224

No 469 (87.0%) 473 (89.7%)

Hydrosalpinx

Yes 149 (27.6%) 130 (24.1%)
0.186

No 390 (72.4%) 409 (75.9%)

Endometriosis (confirmed by pathology)

Yes 14 (2.6%) 11 (2.1%)
0.544

No 525 (97.4%) 528 (97.9%)

Fertilization method

ICSI 196 (36.4%) 213 (39.5%)
0.286

IVF 343 (63.6%) 326 (60.5%)

Cycle type

Fresh 406 (75.3%) 418 (77.6%)
0.389

Frozen 133 (24.7%) 121 (22.4%)

Stage of embryo

(Continued)
F
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Discussion

This retrospective cohort study indicated that twin pregnancies

with IUH after in vitro fertilization were primarily associated with

higher risks of vanishing twin syndrome. The presence of an IUH

was also an essential risk factor for preterm birth, postpartum

hemorrhage, and threatened abortion in the surviving singleton

during the second or third trimester of pregnancy without affecting

the incidence of other adverse perinatal outcomes. Moreover, an

IUH diagnosis before the presence of fetal cardiac activities was

capable of predicting a higher incidence of VTS and smaller
Frontiers in Endocrinology 07
gestational age at miscarriage. An IUH with an increasing size

was not associated with a higher incidence of VTS but was at higher

risk of threatened abortion.

In this retrospective cohort study, the rate of an IUH in twin

pregnancy following ART was approximately 13.8%, which

exceeded that of the report by Naqvi et al., where the incidence

of IUH in twin pregnancy following both ART and spontaneous

conception was 8.9% (22). However, it was lower than the 21.0%

incidence rate of IUH in twin pregnancies reported by Ji et al. (21)

In the cohort study, we found that IUH in the first trimester was

associated with higher risks of vanishing twin syndrome, as well as
TABLE 1 Continued

Characteristics
IUH Non-IUH

p-Value
(n = 539) (n = 539)

Cleavage stage 513 (95.2%) 514 (95.3%)
0.886

Blastocyst 26 (4.8%) 25 (4.7%)

COS protocol

Antagonist protocol 261 (48.4%) 276 (51.2%)
0.361

Agonist protocol 278 (51.6%) 263 (48.8%)

Pregnancy outcome

Complete spontaneous abortion 67 (12.4%) 24 (4.5%) <0.001***

Vanishing twin syndrome 145 (26.9%) 101 (18.7%) <0.001***

Surviving twin pregnancy 327 (60.7%) 414 (76.8%) <0.001***

BMI, body mass index; IUH, intrauterine hematoma; ART, assisted reproductive technology; ICSI, intracytoplasmic sperm injection; IVF, in vitro fertilization; COS, controlled ovarian
stimulation; PCOS, polycystic ovary syndrome.
***p < 0.001.
fron
TABLE 2 Incidence and risk of pregnancy complications in VTS patients with and without intrauterine hematoma.

IUH
(n = 145)

Non-IUH
(n = 101) p-Value Crude OR Adjusted OR‡

Preterm birth 57 (39.3%) 20 (19.8%) 0.001** 1.98 (1.28, 3.09) 1.19 (1.09, 1.24)

Cesarean section 91 (62.8%) 58 (57.4%) 0.428 1.09 (0.89, 1.35) NS

Low birth weight 21 (14.5%) 14 (13.9%) 1.000 1.05 (0.56, 1.96) NS

Macrosomia 5 (3.4%) 7 (6.9%) 0.240 0.50 (0.16, 1.52) NS

Pre-eclampsia 5 (3.4%) 3 (3.0%) 1.000 1.16 (0.28, 4.75) NS

Fetal distress 4 (2.8%) 3 (3.0%) 1.000 0.93 (0.21, 4.06) NS

Fetal growth restriction 4 (2.8%) 0 (0.0%) 0.146 – –

Placental abruption 3 (2.1%) 0 (0.0%) 0.271 – –

PROM 23 (15.9%) 9 (8.9%) 0.126 1.78 (0.86, 3.69) NS

Postpartum hemorrhage 18 (12.4%) 4 (4.0%) 0.024* 3.13 (1.09, 8.99) 1.16 (1.08, 1.32)

Threatened abortion 39 (26.9%) 3 (3.0%) <0.001*** 9.12 (2.90, 28.69) 6.63 (1.69, 14.67)

IUH, intrauterine hematoma; OR, odds ratio; CI, confidence Intervals; PROM, preterm premature rupture of membranes; NS, not significant.
*p < 0.05; **p < 0.01; ***p < 0.001.
‡Adjusted ORs were obtained after matching for age, fertilization method, cycle type, stage of transferred embryos, and previous medical history.
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preterm birth, threatened abortion, and postpartum hemorrhage in

the surviving singleton during the second or third trimester. In

singleton pregnancy, most of the research suggested that the

presence of IUH in the first and second trimesters was associated

with miscarriage in singleton pregnancies (6–8). Some existing

literature showed that increased risks of fetal loss, pre-eclampsia,

placental abruption, and pretermpremature rupture ofmembranes

were observed in IUH singleton pregnancies (3, 10, 23).

However, in twin pregnancies after IVF/intracytoplasmic sperm

injection (IVF/ICSI), very few studies featured the relevance of IUH

in early pregnancy and adverse pregnancy outcomes. Ji suggested

that the presence of IUHwas associated with the loss of one or both

of the fetuses before 20 weeks of gestation, whereas the conception

method, IUH size, and previousmiscarriagewere not independently

associated with such fetal loss (21). Different from our study where

all twin pregnancies were achieved through IVF/ICSI, Ji’s study

population was half conceived naturally and half by an assisted

reproductive technique including IVF/ICSI, intrauterine

insemination (IUI), and ovulation induction treatment. Another

study reported that the finding of a first-trimester subchorionic

hematoma (SCH) and the size of the SCH were not associated with

adverse pregnancy outcomes in women with twin pregnancies after

24 weeks of gestation. Nonetheless, if the SCH is associated with

vaginal bleeding, there is an increased risk of preterm birth.

Compared with our study, Mariam’s research did not address the

pregnancy outcomes before 24 weeks of gestation, and patients with
Frontiers in Endocrinology 08
pregnancy loss prior to 24weeks of gestationwere excluded from the

study (22).

In twin pregnancies following the ART method, which

comprised approximately 30% of newborns in China, the

incidence of fetal loss was reported to be higher than that of

singleton pregnancies (24). In previous reports, Zhu et al.

suggested a rate of 9.5% vanishing twin in IVF/ICSI twin

pregnancy (19) in our center and that VTS was an independent

factor for a higher risk of low birth weight (LBW), preterm birth

(PTB), small for gestational age (SGA), and perinatal mortality in

the surviving singleton. Similarly, more evidence indicated that

VTS resulted in poor pregnancy outcomes for the surviving

singleton when compared with initial singleton pregnancy in

both ART and spontaneous conception (18, 25–27). Additionally,

Marton et al. revealed that vanishing twin pregnancies had a lower

prevalence and a worse perinatal outcome after IVF-ICSI as

compared with those of their spontaneously conceived

counterparts (27), and Nigel et al. indicated that the pregnancy

outcomes of the surviving singletons that experienced VTS was

similar whether by cleavage-stage or blastocyst-stage embryo

transfers during fresh IVF cycles (25).

Prior studies did not differentiate the diagnosis of an IUH in the

presence or absence of fetal cardiac activities, while in our study,

evidence had shown that the absence of fetal cardiac activities

yielded predictive value for higher risks of VTS and miscarriage at

smaller gestational age since the presence cardiac activities was
TABLE 3 Incidence and risks of pregnancy complications in IUH pregnancies with an increasing or decreasing volume of hematoma.

IUH with an increasing volume
(n = 64)

IUH with a decreasing volume
(n = 64)

p-
Value Crude OR Adjusted

OR‡

Preterm birthF 5 (7.8%) 4 (6.3%) 0.743 1.24 (0.36–4.51) NS

Cesarean section 37 (57.8%) 43 (67.2%) 0.355 0.86 (0.67–1.14) NS

Low birth weight 10 (15.6%) 8 (12.5%) 0.800 1.25 (0.53–2.96) NS

Macrosomia 1 (1.6%) 3 (4.7%) 0.619 0.33 (0.04–3.12) NS

Pre-eclampsia 2 (3.1%) 1 (1.6%) 1
2.00 (0.19–
21.51)

NS

Fetal distress 3 (4.7%) 0 (0.0%) 0.244 – –

Fetal growth restriction 3 (4.7%) 1 (1.6%) 0.619
3.00 (0.32-
28.08)

NS

Placental abruption 3 (4.7%) 0 (0.0%) 0.244 – –

PROM 12 (18.8%) 9 (14.1%) 0.634 1.33 (0.60–2.94) NS

Postpartum
hemorrhage

6 (9.4%) 7 (10.9%) 1 0.86 (0.31–2.41) NS

Threatened abortion 47 (74.6%) 26 (40.6%) <0.001*** 1.84 (1.32–2.55) 1.72 (1.13–2.13)

Gestational anemia 13 (20.3%) 11 (17.2%) 0.821 1.18 (0.57–2.44)

IUH, intrauterine hematoma; OR, odds ratio; CI, confidence interval; PROM, premature rupture of membranes; NS, not significant.
FAnalysis performed only in cases with complete data.
‡Adjusted ORs were obtained after matching for age, fertilization method, cycle type, and stage of transferred embryos.
***p < 0.001.
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found to be a symbol of the viability of a fetus in previous reports

(28). However, the trend for increased risks of threatened abortion

and earlier fetal loss was observed in patients with an increasing

volume of IUH. This positive correlation had not been reported in

prior studies, as most literature mainly focused on the single

detection of an IUH through ultrasound.

The underlying mechanisms for the elevated risks of VTS in

IUH pregnancies included secondary mechanical trauma caused

by the presence of an IUH, shallow trophoblast invasion, impaired

angiogenesis, and resultant friable vessels (29). An IUHmight also

affect the receptivity of endometrium, which therefore interfered

with proper blastocyst–endometrial communication (30) and

eventually caused either threatened abortion or VTS. Another

explanation might be the fact that the hematoma was caused by

the tearing of marginal veins in the placenta (29), which

subsequently led to premature perfusion of the intervillous

space, causing insufficient development and adaptation of the

placenta to cope with oxidative stress and imbalance of free

radicals. Such oxidative disorders were followed by the

degeneration of syncytiotrophoblast and eventually resulted in

VTS, which was the primary yet most essential outcome measure

of our study (31). Preterm birth threatened abortion and
Frontiers in Endocrinology 09
postpartum hemorrhage could possibly be elevated

subsequently, as Zhu et al. reported a trend of more frequent

yet severe complications in the surviving singleton following the

occurrence of vanishing twin syndrome (19). The presence of

threatened abortion in early pregnancy might also bring higher

risks of other adverse outcomes such as fetal growth restrictions,

pre-eclampsia, PROM, and placental abruption due to the

common pathway of underlying placental dysfunction (32).

With regard to the role of fetal cardiac activities, we

hypothesized that embryos with cardiac developing activities in a

delayed fashion or early formation of an IUH were prone to fail, as

multiple organ functions that helped to safeguard the survival of the

fetus were less complete in the early stage of embryonic

development and were more vulnerable to oxidative stress and

the function of mother–fetus interface (33, 34). The enlarging

volume of an IUH, however, might associate with higher

insufficiency in angiogenesis, a larger scale of endometrium

receptivity defects, and heavier mechanical stress of the

hematoma (12). The continuing rupture of blood vessels, ongoing

detachment of chorionic membrane from the decidua, and the

expansion of damage to the definitive villous tissue (30), which
B

C D

A

FIGURE 2

Association between gestational age at miscarriage and IUH characteristics in vanishing twin syndrome patients (A, B) Survival analysis in
pregnancies with an IUH diagnosis at the presence or absence of fetal cardiac activities (C) and an increasing or decreasing volume of
hematoma (D) in VTS patients. The green and blue lines represent the surviving possibilities of fetuses in vanishing twin syndrome as gestational
age progressed. The majority of VTS occurred between 50 and 100 days of gestation, and the y-value represents the percentage of remaining
vanishing twins who will be miscarried later. Each color symbolizes IUH patients with the hematoma diagnosed before or after fetal cardiac
activity and the either increasing or decreasing volume of an IUH. GA, gestational age; IUH, intrauterine hematoma.
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promoted the dilation of an IUH, accounted for more severe

placental defect and eventually led to VTS and threatened abortion.

In terms of the gestational age at the diagnosis of an IUHand the

gestational age at miscarriage, no consensus had been reached in

previous studies. Xiang et al. suggested in their 2014 review thatmost

studies featuring the clinical significance of IUH failed to reveal the

impact of its concrete characteristics such as size and gestational age

at diagnosis; others’ conclusions were limited to the broader

application due to the sample size or uncontrolled design (3). In

the existing literature, some studies illustrated that an IUH identified

in early pregnancy wasmore likely to result in spontaneous abortion

(35), whereas others claimed only those occurring after a certain

timeline at gestation yielded deleterious results (36). However, no

clearmechanism explaining the timing threshold of the genesis of an

IUH and its impact on early miscarriage had yet been reported. We

suggested that this correlation might be explained by the idea that

earlier development of an IUH probably deteriorated the early

development of the placenta or the formation of endometrium

receptivity, which further led to the miscarriage of fetuses.

Additionally, fetal viability was not formed yet in smaller

gestational age and was more vulnerable to the insufficiency of the

placenta and the endometrium, resulting in early miscarriage (15,

29, 37).

On the basis of our results, this study provided new

knowledge regarding both antenatal and neonatal outcomes of

IUH pregnancies following double embryo transfer in assisted

conception. Compared with prior studies, our study had the

following advantages: a) a large sample volume was applied. b)

We analyzed the adverse perinatal outcomes in surviving

singleton pregnancy following VTS, establishing the timeline

between the occurrence of VTS and pregnancy complications in

the surviving fetus during the second or third trimester of

pregnancy. c) The cycle types, stage of the embryo, and

maternal age were controlled within the electric database, as

the role of different cycle types in the onset of IUH had been

debated in prior studies. It was reported in some studies that

frozen–thawed embryo transfer and blastocyst transfer were risk

factors for IUH (24), while Zhou reported that fresh embryo

transfer may contribute to IUH onset in IVF/ICSI patients (13).

d) Further classifications by the presence or absence of fetal

cardiac activities and the changing pattern in the volume of an

IUH were performed and analyzed separately in terms of

pregnancy outcomes. e) We visualized the correlation between

gestational age at miscarriage and different IUH characteristics

using a non-linear regression model (smooth curve), as well as

the survival possibilities in different groups categorized by those

IUH characteristics.

The limitation of this study was the retrospective design.

Ultrasound scans during the second or third trimester were not

routinely undertaken by ART practitioners, so IUH characteristics

subsequent to the first trimester were lacking, making it unable to

obtain detailed changing patterns of the volume of an IUH and

specific IUH characteristics at the time of delivery (38). Therefore,
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themajor limitation of our studywas that IUH characteristics of the

second and third trimesters have not been analyzed. Meanwhile,

information regarding pharmaceuticals being used during the

whole gestational period was not addressed, and the effect of the

drug on IUHor adverse pregnancy outcomesmight be neglected, as

it had been reported that the use of low-dose aspirin might be

associated with an increased occurrence and persistence of IUH

during the first trimester, regardless of fertility diagnosis or method

of fertility treatment (39). In addition, a large number of IUH

patients who had undergone artificial fetal reduction were not

included in this study. Further prospective studies consisting of

more accurate and complete data will be necessary.

To sum up, we speculated that IUH was associated with

vanishing twin syndrome and adverse pregnancy complications

in the surviving singleton, while the identification of fetal cardiac

activities and the measurement of the volume of an IUH

presented early warning signs for adverse pregnancy outcomes

in both the mother and the fetuses. These findings demonstrated

that special attention should be given to twin pregnancies with

an IUH in the first trimester to prevent or attend to adverse

pregnancy outcomes including VTS, postpartum hemorrhage,

and threatened abortion.
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effects of subchorionic hematoma on pregnancy outcome in patients with
threatened abortion. J Turk Ger Gynecol Assoc (2014) 15(4):239–42.
doi: 10.5152/jtgga.2014.14170

6. Tuuli MG, Norman SM, Odibo AO, Macones GA, Cahill AG.
Perinatal outcomes in women with subchorionic hematoma: A systematic review
and meta-analysis. Obstet Gynecol (2011) 117(5):1205–12. doi: 10.1097/
AOG.0b013e31821568de

7. Li Q, Zhu J, Hua K. Effects of subchorionic hematoma on pregnancy
outcome: a meta analysis. Zhonghua Yi Xue Za Zhi (2016) 96(17):1383–5.
doi: 10.3760/cma.j.issn.0376-2491.2016.17.017

8. Farrell T, Owen P. The significance of extrachorionic membrane separation
in threatened miscarriage. Br J Obstet Gynaecol (1996) 103(9):926–8. doi: 10.1111/
j.1471-0528.1996.tb09915.x

9. van Oppenraaij RH, Jauniaux E, Christiansen OB, Horcajadas JA,
Farquharson RG, Exalto N, et al. Predicting adverse obstetric outcome after early
pregnancy events and complications: A review. Hum Reprod Update. (2009) 15
(4):409–21. doi: 10.1093/humupd/dmp009

10. Norman SM, Odibo AO, Macones GA, Dicke JM, Crane JP, Cahill AG.
Ultrasound-detected subchorionic hemorrhage and the obstetric implications.
Obstet Gynecol (2010) 116(2 Pt 1):311–5. doi: 10.1097/AOG.0b013e3181e90170

11. Tower CL, Regan L. Intrauterine haematomas in a recurrent miscarriage
population. Hum Reprod (2001) 16(9):2005–7. doi: 10.1093/humrep/16.9.2005

12. Xiang L, Wei Z, Wu J, Zhou P, Xiang H, Cao Y. Clinical significance of first-
trimester intrauterine haematomas detected in pregnancies achieved by IVF-
embryo transfer. Reprod BioMed Online (2014) 29(4):445–51. doi: 10.1016/
j.rbmo.2014.06.015

13. Zhou Z, Zheng D, Wu H, Li R, Xu S, Kang Y, et al. Epidemiology of
infertility in China: A populationbased study. BJOG (2018) 125:432–41.
doi: 10.1111/1471-0528.14966
14. Qiao J, Wang Y, Li X, Jiang F, Zhang Y, Ma J, et al. A lancet commission on
70 years of women's reproductive, maternal, newborn, child, and adolescent health
in China. Lancet. (2021) 397(10293):2497–536. doi: 10.1016/S0140-6736(20)
32708-2

15. Zhou J, Wu M, Wang B, Hou X, Wang J, Chen H, et al. The effect of first
trimester subchorionic hematoma on pregnancy outcomes in patients underwent
IVF/ICSI treatment. J Matern Fetal Neonatal Med (2017) 30(4):406–10.
doi: 10.1080/14767058.2016.1174682

16. Asato K, Mekaru K, Heshiki C, Sugiyama H, Kinjyo T, Masamoto H, et al.
Subchorionic hematoma occurs more frequently in in vitro fertilization pregnancy.
Eur J Obstet Gynecol Reprod Biol (2014) 181:41–4. doi: 10.1016/
j.ejogrb.2014.07.014

17. Xiang L, Zhang H, Wei Z, Ghisoni L, Duca P, Cetin I, et al. Evaluation of
related factors associated with first-trimester hematoma in the IVF-pregnancies.
Zhong Hua Quan Ke Yi Xue (2015) 13(06):959–960+978. doi: 10.16766/
j.cnki.issn1674-4152.2015.06.044

18. Magnus MC, Ghaderi S, Morken NH, Magnus P, Bente Romundstad L,
Skjaerven R, et al. Vanishing twin syndrome among ART singletons and pregnancy
outcomes. Hum Reprod (2017) 32:2298–304. doi: 10.1093/humrep/dex277

19. Zhu J, Wang Z, Chen L, Liu P. The late vanishing of a co-twin contributes to
adverse perinatal outcomes in the surviving singleton. Hum Reprod (2020) 35
(7):1553–61. doi: 10.1093/humrep/deaa120

20. Zhao J, Shi H, Qi H. Interpretation of the mainpoints of ACOG pregnancy
guidelines to multifetal Gestation(2021 edition). Chin J Pract Gynecology Obstetrics
(2021) 37(10):1027–31. doi: 10.19538/j.fk2021100111

21. Ji W, Hou B, Li W, Guo F, He P, Zheng J. Associations between first-
trimester intrauterine hematoma and twin pregnancy outcomes: A retrospective
cohort study. BMC Pregnancy Childbirth (2021) 21(1):46. doi: 10.1186/s12884-020-
03528-0

22. Mariam N, Mackenzie NN, Hanaa K, Alberto MR, Amalia GN, Munira A,
et al. Subchorionic hematomas and adverse pregnancy outcomes among twin
pregnancies. Am J Perinatol (2021) 38(8):779–83. doi: 10.1055/s-0039-3401852

23. Palatnik A, Grobman WA. The relationship between first-trimester
subchorionic hematoma, cervical length, and preterm birth. Am J Obstet
Gynecol. (2015) 213(3):403.e1–403.e4034. doi: 10.1016/j.ajog.2015.05.019

24. Wang YA, Sullivan EA, Healy DL, Black DA. Perinatal otcomes after
assisted reproduactive technology treatment in Australia and new Zealand:
Single versus double embryo transfer. Med J A ust (2009) 190:234–7.
doi: 10.5694/j.1326-5377.2009.tb02381.x

25. Nigel P, Katherine PP, Allison CP, Jovana PL, Jaclyn S, Rony TE. Steven
DS.Perinatal risks sssociated with early vanishing twin syndrome following transfer
of cleavage- or blastocyst-stage embryos. J Pregnancy (2016) 2016:1245210.
doi: 10.1155/2016/1245210
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2022.1062303/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.1062303/full#supplementary-material
https://doi.org/10.1097/AOG.0000000000003360
https://doi.org/10.1097/AOG.0000000000003360
https://doi.org/10.14366/usg.18006
https://doi.org/10.1371/journal.pone.0111676
https://doi.org/10.1002/uog.20861
https://doi.org/10.5152/jtgga.2014.14170
https://doi.org/10.1097/AOG.0b013e31821568de
https://doi.org/10.1097/AOG.0b013e31821568de
https://doi.org/10.3760/cma.j.issn.0376-2491.2016.17.017
https://doi.org/10.1111/j.1471-0528.1996.tb09915.x
https://doi.org/10.1111/j.1471-0528.1996.tb09915.x
https://doi.org/10.1093/humupd/dmp009
https://doi.org/10.1097/AOG.0b013e3181e90170
https://doi.org/10.1093/humrep/16.9.2005
https://doi.org/10.1016/j.rbmo.2014.06.015
https://doi.org/10.1016/j.rbmo.2014.06.015
https://doi.org/10.1111/1471-0528.14966
https://doi.org/10.1016/S0140-6736(20)32708-2
https://doi.org/10.1016/S0140-6736(20)32708-2
https://doi.org/10.1080/14767058.2016.1174682
https://doi.org/10.1016/j.ejogrb.2014.07.014
https://doi.org/10.1016/j.ejogrb.2014.07.014
https://doi.org/10.16766/j.cnki.issn1674-4152.2015.06.044
https://doi.org/10.16766/j.cnki.issn1674-4152.2015.06.044
https://doi.org/10.1093/humrep/dex277
https://doi.org/10.1093/humrep/deaa120
https://doi.org/10.19538/j.fk2021100111
https://doi.org/10.1186/s12884-020-03528-0
https://doi.org/10.1186/s12884-020-03528-0
https://doi.org/10.1055/s-0039-3401852
https://doi.org/10.1016/j.ajog.2015.05.019
https://doi.org/10.5694/j.1326-5377.2009.tb02381.x
https://doi.org/10.1155/2016/1245210
https://doi.org/10.3389/fendo.2022.1062303
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Ge et al. 10.3389/fendo.2022.1062303
26. Evron E, Sheiner E, Friger M, Sergienko R, Harlev A. Vanishing twin
syndrome: Is it associated with adverse perinatal outcome? Fertil Steril (2015)
103:1209–14. doi: 10.1016/j.fertnstert.2015.02.009

27. Marton V, Zadori J, Kozinszky Z, Kereszturi A. Prevalences and pregnancy
outcome of vanishing twin pregnancies achieved by in vitro fertilization versus
natural conception. Fertil Steril (2016) 106(6):1399–1406. doi: 10.1016/
j.fertnstert.2016.07.1098

28. Preisler J, Kopeika J, Ismail L, Vathanan V, Farren J, Abdallah Y, et al.
Defining safe criteria to diagnose miscarriage: Prospective observational
multicentre study. BMJ (2015) 351:h4579. doi: 10.1136/bmj.h4579

29. Jauniaux E, Watson AL, Hempstock J, Bao YP, Skepper JN, Burton GJ.
Onset of maternal arterial blood flow and placental oxidative stress. A possible
factor in human early pregnancy failure. Am J Pathol (2000) 157(6):2111–22.
doi: 10.1016/S0002-9440(10)64849-3

30. Burton GJ, Jauniaux E. Pathophysiology of placental-derived fetal growth
restriction. Am J Obstet Gynecol (2018) 218(2S):S745–61. doi: 10.1016/
j.ajog.2017.11.577

31. Zhou J, Wang S, Wang B, Wang J, Chen H, Zhang N, et al. The value of
HCG serum concentrations after trigger in predicting pregnancy and live birth
rates in IVF-ICSI. Reprod BioMed Online. (2015) 30(6):667–73. doi: 10.1016/
j.rbmo.2015.02.013

32. Saraswat L, Bhattacharya S, Maheshwari A, Bhattacharya S. Maternal and
perinatal outcome in women with threatened miscarriage in the first trimester: a
systematic review. BJOG (2010) 117(3):245–57. doi: 10.1111/j.1471-0528.2009.02427.x
Frontiers in Endocrinology 12
33. Tannirandorn Y, Sangsawang S, Manotaya S, Uerpairojkit B, Samritpradit P,
Charoenvidhya D. Fetal loss in threatened abortion after embryonic/fetal heart
activity. Int J Gynaecol Obstet (2003) 81(3):263–6. doi: 10.1016/s0020-7292(03)
00076-6

34. Seungdamrong A, Purohit M, McCulloh DH, Howland RD, Colon JM,
McGovern PG. Fetal cardiac activity at 4 weeks after in vitro fertilization predicts
successful completion of the first trimester of pregnancy. Fertil Steril. (2008) 90
(5):1711–5. doi: 10.1016/j.fertnstert.2007.08.018

35. Bennett GL, Bromley B, Lieberman E, Benacerraf BR. Subchorionic
hemorrhage in first-trimester pregnancies: Prediction of pregnancy outcome with
sonography. Radiology (1996) 200(3):803–6. doi: 10.1148/radiology.200.3.8756935

36. Nyberg DA, Mack LA, Benedetti TJ, Cyr DR, Schuman WP. Placental
abruption and placental hemorrhage: Correlation of sonographic findings with fetal
outcome. Radiology (1987) 164(2):357–61. doi: 10.1148/radiology.164.2.3299486

37. Sauerbrei EE, Pham DH. Placental abruption and subchorionic hemorrhage
in the first half of pregnancy: US appearance and clinical outcome. Radiology.
(1986) 160(1):109–12. doi: 10.1148/radiology.160.1.3520643

38. Ji W, Li W, Mei S, He P. Intrauterine hematomas in the second and third
trimesters associated with adverse pregnancy outcomes: a retrospective study.
J Matern Fetal Neonatal Med (2017) 30(18):2151–5. doi: 10.1080/14767058.
2016.1241762

39. Truong A, Sayago MM, Kutteh WH, Ke RW. Subchorionic hematomas are
increased in early pregnancy in women taking low-dose aspirin. Fertil Steril (2016)
105(5):1241–6. doi: 10.1016/j.fertnstert.2016.01.009
frontiersin.org

https://doi.org/10.1016/j.fertnstert.2015.02.009
https://doi.org/10.1016/j.fertnstert.2016.07.1098
https://doi.org/10.1016/j.fertnstert.2016.07.1098
https://doi.org/10.1136/bmj.h4579
https://doi.org/10.1016/S0002-9440(10)64849-3
https://doi.org/10.1016/j.ajog.2017.11.577
https://doi.org/10.1016/j.ajog.2017.11.577
https://doi.org/10.1016/j.rbmo.2015.02.013
https://doi.org/10.1016/j.rbmo.2015.02.013
https://doi.org/10.1111/j.1471-0528.2009.02427.x
https://doi.org/10.1016/s0020-7292(03)00076-6
https://doi.org/10.1016/s0020-7292(03)00076-6
https://doi.org/10.1016/j.fertnstert.2007.08.018
https://doi.org/10.1148/radiology.200.3.8756935
https://doi.org/10.1148/radiology.164.2.3299486
https://doi.org/10.1148/radiology.160.1.3520643
https://doi.org/10.1080/14767058.2016.1241762
https://doi.org/10.1080/14767058.2016.1241762
https://doi.org/10.1016/j.fertnstert.2016.01.009
https://doi.org/10.3389/fendo.2022.1062303
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Vanishing twin syndrome is associated with first-trimester intrauterine hematoma in twin pregnancies after in vitro fertilization
	Introduction
	Materials and methods
	Participants
	Data collection
	Outcomes measured
	Statistical analysis

	Results
	Demographic characteristics, elevated risks of VTS, threatened abortion, and postpartum hemorrhage in IUH compared with non-IUH pregnancies
	Comparing other subsequent pregnancy outcomes after VTS between IUH and non-IUH pregnancies
	Correlation between IUH-related characteristics and perinatal outcomes in IUH pregnancies
	The association between gestational age at VTS and IUH-related characteristics

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


