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Abstract

Purpose: We investigated the contribution of subchorionic hematoma (SCH) involve-
ment in early pregnancy to the risk of pregnancy complications in women who under-
went frozen-thawed embryo transfer (FET).

Methods: A hypoechogenic area surrounding the gestational sac at early pregnancy
on ultrasound was defined as SCH. Simultaneously, the presence of vaginal bleeding
was evaluated. We included 1416 women with live births after FET between March
2015 and September 2018 in this study. The frequency of pregnancy complications
was compared between the SCH (n = 340) and non-SCH (n = 1076) groups.

Results: The adjusted odds ratio of abnormal placental adhesion and placenta previa
for the SCH group relative to the non-SCH group was 7.01 [2.96-18.00] and 3.77
[1.24-11.91], respectively. In contrast, hypertensive disorders of pregnancy, non-re-
assuring fetal status, fetal growth restriction, chorioamnionitis, and premature rup-
ture of the membrane showed no differences between both groups. Furthermore,
the frequency of abnormal placental adhesion was higher in the SCH group with
vaginal bleeding than in the SCH group without vaginal bleeding.

Conclusions: Subchorionic hematoma in early pregnancy may cause abnormal pla-
cental adhesion and placenta previa in pregnant women with FET. SCH presence
should be carefully noted, particularly in cases with vaginal bleeding during early

pregnancy after FET.
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1 | INTRODUCTION

In Japan, increasing freeze all strategies are employed to improve
pregnancy rates and avoid ovarian hyperstimulation syndrome
(OHSS).1* However, some pregnancy complications are report-
edly higher with frozen-thawed embryo transfer (FET) than with
fresh embryo transfer.>® In FET, there are two main methods of
endometrial preparation. One is the hormone replacement cycle
(HRC) that regulates the endometrium with exogenous hormones
before embryo transfer. Another is the natural cycle (NC) wherein
the transfer is performed according to natural ovulation timing.
To date, HRC is reportedly associated with a higher frequency
of hypertensive disorders of pregnancy (HDP) and adherent pla-
centa and a lower frequency of gestational diabetes (GDM) than
is NC.” However, it remains unknown why differences in endo-
metrial preparation methods affect the frequency of pregnancy
complications.

Subchorionic hematoma (SCH) is defined as a hypoechogenic
area surrounding the gestational sac observed on ultrasound and
contributes to the risks of miscarriage, preterm birth, and other
pregnancy complications.®*® Moreover, a higher incidence of SCH
in pregnancy achieved by assisted reproductive technology (ART)
than in spontaneous pregnancy has been reported.™* Therefore, the
association of SCH in early pregnancy with ART-related pregnancy
complications is an interesting topic.

This study retrospectively investigated whether SCH in early
pregnancy is involved in the development of pregnancy complica-

tions in women who underwent FET.

2 | METHODS
2.1 | Study population

This study was approved by the Ethics Committee of Tawara IVF
Clinic. Following the recruitment of study participants based on
an opt-out method, clinical information was collected via a re-
view of their medical records. Of the 5139 patients who under-
went FET between March 2015 and September 2018, 1901 were
pregnant. Of these, the following cases were excluded: miscar-
riage (n = 453), induced abortion (n = 7), ectopic pregnancy
(n = 8), stillbirth (n = 2), lost to follow-up, including no echo
examination at early pregnancy (n = 5), and NC with ovulation
induction agents (n = 10). Overall, 1416 women who achieved
live birth were included in this study (Figure 1). SCH was de-
fined sonographically as a hypoechogenic area surrounding the
gestational sac at 9 weeks of gestation or less. Simultaneously,
the presence or absence of vaginal bleeding was evaluated.
Abnormal placental adhesion was defined as a case that required
the manual removal of the placenta or developed placental tis-
sue defects. Obstetric complications data were obtained from

delivery hospital records.
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2.2 | Endometrial preparation

Two methods of endometrial preparation were used in this study,
namely the NC in patients with regular ovulatory cycles, including
human chorionic gonadotropin trigger and HRC mainly for women
without regular ovulatory cycles. In the HRC group, transdermal
estradiol (Estrana tape®, Hisamitsu) was initiated on days 2-4 of
menstruation (2.26 mg/every 2 days) until 7 weeks of gestation. For
luteal phase support, oral dydrogesterone (15 mg/day: Duphaston®,
Solvay Pharma) was administered in both HRC and NC groups (up
to 9 weeks of gestation for HRC and up to 7 weeks of gestation for
NC). Furthermore, the recommended doses of vaginal progesterone
were administered in the HRC group (up to 9 weeks of gestation);
however, none or small amounts of that were administered in the NC

group (up to 4 weeks of gestation).

2.3 | Statistical analysis

Results were analyzed using t tests to compare both groups. The
Pearson's chi-square or Fisher's exact test was used depending
on the number of observations in the table cells for comparison
of proportion. Odds ratio (OR) and 95% confidence interval (Cl)
were calculated in the univariable and multivariable analyses. P
value < 0.05 was considered statistically significant. The statisti-
cal analysis was performed using the R software and JMP9 soft-
ware (SAS).

3 | RESULTS

3.1 | Subchorionic hematoma rate and patient
background

Of the 1416 women, 340 (24.0%) developed SCH in early preg-
nancy. Table 1 shows a comparison of the patient backgrounds,
including fertility treatment and the cause of infertility between
the SCH group (n = 340) and the non-SCH group (n = 1076). The
SCH group had a lower BMI than did the non-SCH group, with more
histories of pregnancy. No difference was observed in age, his-
tory of miscarriage, and history of embryo transfer between the
two groups. There was no difference between both groups in the
methods of fertility treatment, including endometrial preparation
methods, the number of transfer embryo, embryo stage at trans-
fer, low-dose aspirin during pregnancy, and endometrial thickness
during the embryo transfer cycle. In terms of the causes of infertil-
ity, the SCH group had a significantly higher frequency of endo-
metrial polyp and tubal factor than did the non-SCH group. There
was no between-group difference in the frequency of dilatation and
curettage (D&C), transcervical resection (TCR), and observation
(as the treatment of endometrial polyps before embryo transfer)

(Supplemental Table S1).
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Frozen embryo transfer
(March 2015-September 2018)
n=5139

Pregnant Not pregnant

n=1901 n=3238
475 women excluded
-Miscarriage (n = 453)
-Induced abortion (n = 7)
-Ectopic pregnancy (n = 8)
-Stillbirth (n = 2)

Live births -Lost to follow-up (n =5)

n= 1416 - NC with ovulationinduction (n = 10)

FIGURE 1 Flow diagram of study subjects

3.2 | Delivery outcomes and pregnancy
complications

No differences in gestational age, cesarean section rate, sex of off-
spring, birthweight, and preterm birth were observed between the
SCH group and the non-SCH group (Table 2). Although the SCH
group demonstrated a higher frequency of abnormal placental adhe-
sion than did the non-SCH group (P < .0001), HDP, non-reassuring
fetal status (NRFS), fetal growth restriction (FGR), chorioamnionitis
(CAM), premature rupture of the membranes (PROM), and placenta
previa showed no differences between both groups (Tables 2). On
the contrary, the results indicated that SCH was associated with
placenta previa (AOR 3.77 [1.24-11.91]) and abnormal placental ad-
hesion (AOR 7.01 [2.96-18.00]) after adjusted multivariate analysis
(Table 3).

Vaginal bleeding is a common characteristic of SCH, and the
presence of vaginal bleeding has been reported to aggravate the
state of complications in pregnant women with SCH.*? In this study,
46.8% (159/340) of patients with SCH experienced vaginal bleeding
in early pregnancy. Therefore, this study investigated the influence
of the presence of vaginal bleeding on the development of abnor-
mal placental adhesion in the SCH group. Consequently, among
patients who developed SCH, vaginal bleeding in the early stage
of pregnancy was more frequently observed in the abnormal pla-
cental adhesion group than in the non-abnormal placental adhesion
group (75.0% vs 43.8%, P = .001). After adjusting for confounding
factors, including patient backgrounds and fertile treatment meth-
ods, the prevalence of abnormal placental adhesion was significantly
higher in the SCH group with vaginal bleeding than in the SCH group
without vaginal bleeding (AOR, 4.52 [1.35-17.62]). On the contrary,
cesarean section, preterm delivery, HDP, NRFS, FGR, CAM, PROM,

TABLE 1 Patient characteristics in the SCH and non-SCH groups

SCH (EFS) Non-SCH
n =340 n=1076 P value
Age® 35.2+3.8 35.3+4.0 .6446
BMI? 204 +2.7 209 +3.1 .0212
History of 0.82 +0.99 0.67 +0.93 .0161
pregnancy?®
History of 0.37 £ 0.63 0.32 +0.62 .1783
miscarriage®
-% 22 7.4% 5.7% .2967
History of live birth®  0.28 + 0.50 0.23 £ 0.45 .0622
History of embryo 417 +2.71 3.83+244 9111
transfer®
Endometrial preparation methods
HRC 62.6% 61.3% .7012
NC 37.4% 38.7%
No. of transfer embryo
1 91.8% 94.3% .0893
2 8.2% 5.7%
Embryo stage at transfer
Early embryo 24.4% 22.0% 4798
Blastocyst 72.1% 75.2%
2 step ET 3.5% 2.8%
Good BT® 89.1% 87.9% 6491
Low-dose Aspirin 7.6% 9.5% .3304
during pregnancy
Endometrial 99 +1.8 10.0+1.7 .5954
thickness (mm) 2
Cause of infertility
Male infertility 19.4% 21.7% 4023
Ovulation factors 5.6% 4.9% .6709
PCOS 4.4% 4.4% 1.0000
Uterine factors 17.1% 11.2% .0065
Leiomyoma 5.6% 4.6% 4668
Endometrial 9.4% 4.9% .0037
polyps
Adenomyosis 2.9% 2.2% 4233
Tubal factor 15.0% 10.9% .0435
Endometriosis 4.4% 4.4% 4705

Abbreviations: BMI, body mass index; BT, blastocyst; EFS, echo free
space; ET, embryo transfer; HRC, hormone replacement cycle; NC,
natural ovulatory cycle; PCOS, polycystic ovarian syndrome; SCH,
subchorionic hematoma.

#Values are presented as mean + SD.
bPer single blastocyst transfer.

and placenta previa showed no significant difference between both
groups (Table 4). Thus, SCH may be a risk factor for both abnormal
placental adhesion and placenta previa; in addition, the risk of abnor-
mal placental adhesion was significantly higher in cases of SCH with

vaginal bleeding than in those without vaginal bleeding.
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TABLE 2 Pregnancy outcomes in the SCH and non-SCH groups

SCH (EFS) Non-SCH
n =340 n=1076 Pvalue
Obstetrical outcomes of live birth
Gestational age at birth
<36 weeks 10.9% (37) 8.7% (94) 4216
37-41 weeks 85.6% (291) 88.7% (954)
>42 weeks 0.3% (1) 0.1% (1)
Unknown 3.2% (11) 2.5% (27)
Mode of delivery
Vaginal delivery 55.0% (187) 58.6% (630) 4777
Cesarean 43.5% (148) 40.3% (434)
section
Unknown 1.5% (5) 1.1% (12)
Uterine Bleeding at Delivery (mL)?
Vaginal delivery 778 + 685 609 + 521 .0015
Cesarean 1066 + 892 947 + 622 1499
section
Obstetrical complications
HDP 8.5% (29) 8.6% (92) 1.000
NRFS 9.1% (31) 8.6% (92) .7410
FGR 2.9% (10) 2.0% (21) .2890
CAM 2.4% (8) 1.6% (17) .3479
PROM 9.4% (32) 9.9% (106) 9165
Placenta previa 3.5% (12) 1.9% (20) .0915
Abnormal 9.4% (32) 3.0% (32) <.0001
placental
adhesion
Sex of offspring ?
Male 52.9% (175) 49.6% (523) .2433
Female 45.3% (150) 47.0% (496)
Unknown 3.4% (6) 6.9% (36)
Birth weight®
<2500¢g 4.5% (13) 6.0% (57) .0576
2500g-3999 g 94.4% (271) 90.2% (856)
24000 g 0.7% (2) 0.9% (9)
Unknown 0.3% (1) 2.8% (27)

Abbreviations: CAM, chorioamnionitis; EFS, echo free space; FGR,
fetal growth restriction; HDP, hypertensive disorders of pregnancy;
NRFS, non-reassuring fetal status; PROM, premature rupture of the
membrane; SCH, subchorionic hematoma.

@Per singleton.
PPer singleton and term delivery.

4 | DISCUSSION

In this study, the proportions of patients with a history of preg-
nancy and endometrial polyp were significantly higher in the SCH
group than in the non-SCH group. More than half of patients with
endometrial polyps had received D&C or TCR prior to the embryo

transfer cycle. These results suggest that a history of intrauterine
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manipulations may affect SCH formation. Furthermore, we ob-
served that tubal factor infertility was also frequent in the SCH
group. The problem of the fallopian tubes was diagnosed as either
unilateral or bilateral tubal block using hysterosalpingography.
Such tubal adhesions and occlusions have been suggested to be
triggered by bacteria-induced inflammatory reactions.*® Therefore,
it is possible that the inflammation of the fallopian tubes or uterus
is one of the causes of SCH. Moreover, inflammatory cells express
matrix metalloproteases (MMPs) that regulate trophoblast inva-
sion.***° Therefore, inappropriate expression of MMPs in patients
with tubal factor infertility can be responsible for the development
of SCH.

In the retrospective examination of the association between SCH
in early pregnancy and pregnancy complications, it was observed
that placenta previa and abnormal placental adhesion were more
frequent in the SCH group than in the non-SCH group. Abnormal
placental adhesion can be accompanied by uterine bleeding due to
placental separation. We observed that uterine bleeding at vaginal
delivery was significantly higher in the SCH group than in the non-
SCH group. This result is in line with the observation that the fre-
quency of abnormal placental adhesion is higher in the SCH group
than in the non-SCH group.

As an endometrial preparation, Saito et al previously reported
that placental adhesion is more frequent in HRC than in NC.
Similarly, the frequency of abnormal placental adhesion was sig-
nificantly higher in HRC than in NC (data not shown) in this study.
However, no significant difference in the frequency of SCH was ob-
served between HRC and NC. Therefore, endometrial preparation by
HRC and the development of SCH in early pregnancy may be inde-
pendent risk factors for abnormal placental adhesion. Furthermore,
although Truong et al reported that taking aspirin during pregnancy
increases the development of SCH,* no significant difference in as-
pirin use during pregnancy was observed between the SCH and non-
SCH groups in this study.

Nagy et al observed that SCH in the first trimester was asso-
ciated with cesarean section, PIH, preeclampsia, placental abrup-
tion, abnormally adherent placentation, preterm delivery, FGR,
and NRFS in a prospective study at a single hospital.” Furthermore,
Tuuli et al reported in a meta-analysis that SCH was associated with
preterm delivery, PROM, and placental abruption.’® Meanwhile, our
results revealed no significant association between SCH in early
pregnancy and HDP, NRFS, FGR, CAM, and PROM.

The development of SCH is considered to result from the rup-
ture of blood vessels due to the abnormal invasion of the trophoblast
cells into the endometrium. Such a dysregulation of the trophoblas-
tic invasion may equally be involved in the development of abnormal
placental adhesion. On the contrary, Heller et al reported that the
size of SCH based on the fraction of gestational sac correlated with
the first trimester miscarriage, rather than the presence or absence
of SCH.Y Thus, the relationship between SCH and pregnancy com-
plications may similarly be related to the location and size of SCH.
We aim to determine whether these factors affect the results of

pregnancy complications in a subsequent study.
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Crude OR (95% CI)

1.15(0.90-1.47)
1.29(0.85-1.91)

Adjusted OR (95% Cl)

1.05 (0.74-1.49)
1.18(0.65-2.08)

HDP 1.00(0.66-1.58) 0.94 (0.51-1.66)
NRFS 1.07 (0.69-1.63) 1.62(0.90-2.84)
FGR 1.52(0.68-3.19) 1.65(0.53-4.71)
CAM 1.50(0.61-3.41) 2.17 (0.58-7.62)
PROM 0.95(0.62-1.43) 1.13(0.64-1.93)

Placenta previa

Abnormal placental

adhesion

1.93(0.91-3.94)
3.39 (2.04-5.64)

3.77 (1.24-11.91)
7.01(2.96-18.00)

TABLE 3 Crude and adjusted odds
ratio of SCH against non-SCH women for
obstetrical outcomes

Note: Adjusted for maternal age, BMI, history of pregnancy and miscarriage, embryo stage at
transfer, number of the embryos transferred, use of assisted hatching, endometrial preparation
method, Aspirin use during pregnancy, cause of infertility (male infertility, PCOS, leiomyoma,
polyps, adenomyosis, fallopian tube obstruction, and endometriosis).
Abbreviations: CAM, chorioamnionitis; Cl, confidence interval; FGR, fetal growth restriction; HDP,
hypertensive disorders of pregnancy; NRFS, non-reassuring fetal status; OR, odd ratio; PROM,
premature rupture of the membrane; SCH, subchorionic hematoma.

Outcomes

Cesarean section
Preterm delivery

Obstetrical complications

Crude OR (95% CI)

1.16 (0.75-1.79)
1.55(0.78-3.13)

Adjusted OR (95% Cl)

0.97 (0.47-2.01)
0.58 (0.13-2.20)

HDP 1.07 (0.49-2.30) 1.60(0.45-5.63)
NRFS 1.07 (0.51-2.26) 1.01(0.32-3.03)
FGR 0.75(0.19-2.68) 1.24(0.13-9.01)
CAM 0.68 (0.14-2.80) 0.55(0.01-7.36)

PROM 1.15(0.55-2.41) 0.76 (0.23-2.27)

0.41 (0.03-3.57)
4.52(1.35-17.62)

0.56(0.15-1.81)
3.84(1.74-9.39)

Placenta previa

Abnormal placental
adhesion

TABLE 4 Crude and adjusted odds
ratio of SCH with vaginal bleeding against
SCH without vaginal bleeding women for
obstetrical outcomes

Note: Adjusted for maternal age, BMI, history of pregnancy and miscarriage, embryo stage at
transfer, number of the embryos transferred, use of assisted hatching, endometrial preparation
method, Aspirin use during pregnancy, cause of infertility (male infertility, PCOS, leiomyoma,

polyps, adenomyosis, fallopian tube obstruction, endometriosis).

Abbreviations: CAM, chorioamnionitis; Cl, confidence interval; FGR, fetal growth restriction; HDP,
hypertensive disorders of pregnancy; NRFS, non-reassuring fetal status; OR, odd ratio; PROM,

premature rupture of the membrane; SCH, subchorionic hematoma.

This study has several limitations. First, the contribution of SCH
to miscarriage is an important point; however, we did not focus on
this subject because most miscarriages are caused by chromosomal
abnormalities, and the product of conception/karyotype was not
examined. Second, SCH could be formed by bleeding due to vas-
cular breakdown, although it is unclear whether vaginal bleeding is
caused by SCH. Third, the presence of SCH after 12 weeks of gesta-
tion, in addition to the size and location of SCH, was not evaluated;
however, it is known that a significant portion of the SCH during

early pregnancy disappears before delivery. However, these results

suggest that the presence of SCH in early pregnancy is a risk factor
for abnormal placental adhesion, regardless of the presence or ab-
sence of SCH after the second trimester. Finally, we could not eval-
uate some pregnancy complications, including gestational diabetes,
placenta abruption, oligohydramnios, and polyhydramnios due to
the limited number of cases. Therefore, these issues need to be fur-
ther evaluated in a future study.

In conclusion, these results suggest that SCH in early pregnancy
may contribute to the development of abnormal placental adhesion

and placenta previa in pregnancy resulting from FET. Further, it was
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similarly observed that SCH with vaginal bleeding may be one of the
causes of the higher frequency of abnormal placental adhesion. The
presence of SCH should be carefully noted, particularly in cases of

SCH with vaginal bleeding during early pregnancy after FET.
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