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a b s t r a c t

Objective: To investigate the factors that stratify high-risk cases among subchorionic hematomas (SCHs)
patients with persistent vaginal bleeding in early pregnancy.
Materials and methods: A total of 56 patients who required hospitalization for SCH with vaginal bleeding
in early pregnancy were classified into two groups: 1) no hematoma by ultrasonography when vaginal
bleeding occurred, and then hematoma was observed by ultrasonography “bleeding to hematoma (BH
group, n ¼ 15)” and 2) no vaginal bleeding when hematoma was observed by routine ultrasonography,
and then vaginal bleeding occurred later “hematoma to bleeding (HB group, n ¼ 41)”. Retrospective
cohort study was performed and maternal and neonatal outcomes were evaluated.
Results: The duration of SCHs and/or vaginal bleeding was significantly longer in the BH group than in
the HB group (mean: 60.8 days [BH group] vs. 33.3 days [HB group], p ¼ 0.015). BH group patients
delivered earlier than HB group patients significantly (mean: 27.3 weeks [BH group] vs. 35.6 weeks [HB
group], p ¼ 0.0028). The frequency of chronic abruption and oligohydramnios sequence (CAOS) was
significantly higher in the BH group than in the HB group (3/15; 20.0% [BH group] vs. 0/41; 0.0% [HB
group], p ¼ 0.016). The frequency of sever fetal distress (Apgar score <4 points) was significantly higher
in the BH group than in the HB group (4/15; 26.7% [BH group] vs. 0/41; 0.0% [HB group], p ¼ 0.0037). The
levels of factor XIII were relatively lower in the BH group than in the HB group (mean: 54.8% (n ¼ 4) [BH
group] vs. 76.1% (n ¼ 7) [HB group], p ¼ 0.077).
Conclusion: The order of the symptoms, bleeding first, is an important feature that reflects the subse-
quent prolonged duration of SCHs/vaginal bleeding, resulting in very early preterm delivery. Continuous
hemorrhage consumes coagulation factor XIII, which further worsen the hemostasis.
© 2022 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Subchorionic hematomas (SCHs) are relatively common com-
plications, which usually occur in early pregnancy, and the reported
incidence varies from 1.7% to 18.4% [1e3]. SCHs are defined as a
crescent-shaped, hypoechoic or anechoic area between the

chorionic membrane and the myometrium, which are usually
detected by ultrasonography and Magnetic Resonance Imaging
(MRI) [4,5]. Most of SCHs appear only transiently in early pregnancy
and have little effect on the clinical course of pregnancy or delivery
outcomes. However, less frequently, they can be associatedwith the
development of severe pregnancy-related diseases that lead to
poor outcomes [6]. Vaginal bleeding is also a common cause of an
early-pregnancy emergency-room visit [7,8]. In addition to
miscarriage in early pregnancy, the clinical significance of early
pregnancy vaginal bleeding has also been implicated in pregnancy-
related diseases occurring in the middle and late term [9,10].

* Corresponding author. 54 shogoinkawahara-cho, Sakyo-ku, Kyoto city, 606-
8507, Japan.

E-mail address: kojiymni@kuhp.kyoto-u.ac.jp (K. Yamanoi).
1 They are equally contributed to this study.

Contents lists available at ScienceDirect

Taiwanese Journal of Obstetrics & Gynecology

journal homepage: www.t jog-onl ine.com

https://doi.org/10.1016/j.tjog.2022.02.011
1028-4559/© 2022 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Taiwanese Journal of Obstetrics & Gynecology 61 (2022) 243e248

A Self-archived copy in
Kyoto University Research Information Repository

https://repository.kulib.kyoto-u.ac.jp

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:kojiymni@kuhp.kyoto-u.ac.jp
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tjog.2022.02.011&domain=pdf
www.sciencedirect.com/science/journal/10284559
http://www.tjog-online.com
https://doi.org/10.1016/j.tjog.2022.02.011
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.tjog.2022.02.011
https://doi.org/10.1016/j.tjog.2022.02.011


Especially, preterm birth, preterm prelabor rupture of mem-
branes (pPROM) and chronic abruption-oligohydramnios sequence
(CAOS) have been reported to be strongly associated with both
SCHs and early pregnancy vaginal bleeding [1,2,9e15]. Once
pPROM and CAOS occur, premature labor sets in eventually,
resulting in preterm delivery. To date, there is no effective way of
prolonging the duration of pregnancy after the onset of pPROM
and/or CAOS. Therefore, if we can identify the SCH patients who are
potentially at high risk of developing pPROM and CAOS, prophy-
lactic treatment can be administered, thereby preventing the
occurrence of these conditions.

Several reports suggest that preterm birth, pPROM and CAOS are
more likely to occur in SCH patients with bleeding than in those
without [1,2,11e15]. However, evenwhen both these symptoms are
present, the subsequent development of serious diseases is not very
frequent. The need for more useful markers that can identify the
high-risk groups and predict the onset of pPROM and CAOS more
efficiently among SCH cases is evident. Thus, in the present study,
we aimed to investigate the factors that help stratify high-risk cases
among SCH patients with persistent vaginal bleeding who under-
went hospitalization in early pregnancy. In particular, we focused
on the order in which symptoms occur, namely, bleeding followed
by hematoma or vice versa. Furthermore, we evaluated coagulant-
related factors including factor XIII in this study.

Materials and methods

Study design, period, and participants

This was a retrospective observational cohort study involving
women with singleton gestations who required hospitalization for
the treatment of SCH and vaginal bleeding. We included patients
who were diagnosed with SCH and underwent hospitalization at
our department after 14 weeks of gestation, from January 2008 to
December 2018. The decision of hospitalization was made by doc-
tors in charge. Usually, we consider hospitalization for patients
with SCH and persistent vaginal bleeding together. The diagnosis of
SCH was confirmed via ultrasound or magnetic resonance imaging
(MRI). We perform ultrasound screening of the fetus in all cases as
appropriate, and there was no case of fetal morphological abnor-
mality noted in this study. We excluded patients who had been
hospitalized in other hospitals and came to us after 14 weeks of
gestation. We also excluded patients who did not know when SCH
and/or vaginal bleeding had started.We also excluded patients who
underwent artificial abortion. Those with congenital coagulation
disorders were also excluded from the study.

We focused on the order in which the first symptom/finding
occurred, namely, whether vaginal bleeding preceded hematoma
or vice versa. We divided the patients into two groups: the group in
which vaginal bleeding occurred prior to the SCH (bleeding to he-
matoma: BH group) and that in which the SCH developed prior to
vaginal bleeding or both developed simultaneously (hematoma to
bleeding: HB group). Patients were followed up until delivery and
assessed for adverse outcomes. Neonatal findings were also
assessed.

In the present study, patients were not required to give
informed consent to the study because we used anonymous clinical
datawhich were obtained after each patient agreed to treatment by
written consent. This study was approved by the Institutional Re-
view Board of Kyoto University Hospital (number: R2276).

Context of treatment for patients

The context of treatment was determined according to the
symptoms and findings of each patient. For patients experiencing

regular uterine contractions, we recommended bed rest initially.
We then continuously administered tocolytic agents intravenously
in cases where doctors, after assessing fetalematernal well-being
believed that the patient's gestational period could be extended.
As for tocolytic agents, we used either ritodrine or magnesium
sulfate, even both, depending on the situation of patients including
the degree of side effects, their gestational weeks and the degree of
uterine contraction. Steroids were administered if the gestational
weeks are less than 34 and delivery was highly probable. We
defined this treatment as “continuous tocolysis” in this study. We
administered antibiotics in case of pPROM. We mostly started with
Ampicillin Sodium and sometimes change to others depending on
the patient situation. The indications for cesarean section were
determined by the doctors in charge based on a comprehensive
evaluation of the fetalematernal status. Blood tests were con-
ducted appropriately to check side effects such as hepatic or renal
dysfunction caused by tocolytic agents and to evaluate the degree
of inflammation.

Study outcomes

The primary outcome of this study was the gestational week at
delivery. The time of delivery was divided into three classes: <22
weeks of gestation (spontaneous abortion, SA), from 22 to 27
weeks of gestation (very early preterm delivery, VE), and after 28
weeks of gestation (preterm and term delivery [P þ T]). In addi-
tion, we investigated the frequency of maternal events that
occurred during pregnancy and the neonatal findings at delivery
as the secondary outcomes. We investigated the following
maternal events: duration of vaginal bleeding/hematoma, pPROM,
CAOS, the need for continuous tocolysis and acute abruption. We
also investigated the following neonatal findings at delivery: pH
of the umbilical cord arterial blood, Apgar score (1 min and 5 min)
and birth weight.

Among coagulation-related factors, we evaluated fibrinogen, D-
dimer, ATIII and factor XIII between 14 and 18 weeks of gestation. If
the samples were collected more than once, the minimum or
maximum value was used according to factors. Specifically, the
maximumvalue of fibrinogen and D-dimer were evaluated, and the
minimum value of ATIII and factor XIII were evaluated.

Analysis of maternal background and the clinical course of
hematoma/bleeding

Clinical data were collected from patients’ medical records. We
recorded factors related to the maternal background, including
maternal age, gravidity, parity, history of spontaneous abortion,
history of infertility treatment, and underlying diseases. Vaginal
bleeding and SCH were investigated when they first appeared. For
SCH, we also investigated the maximum volume of each of patients
during their clinical course. We estimated the SCH volume as
described in supplementary text.

A database including all data on maternal background, the pri-
mary and secondary outcomes mentioned above was created using
Microsoft Office Excel 2011 (Microsoft, Santa Rosa, CA, USA). All
statistical analyses were performed using PRISM version 6.0
(GraphPad Software, San Diego, CA, USA). A descriptive analysis of
the characteristics of the patients in this study was performed to
determine the frequency of categorical variables and the mean,
standard deviation, median, and range of continuous variables. The
study population was categorized into two groups, the HB and BH
groups, as mentioned above. Next, we compared the various pa-
rameters between the groups. The chi-square test or Fisher's exact
test was used to examine the associations among categorical vari-
ables, and an unpaired t-test was used to examine the associations
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among continuous variables. Statistical significance was set at
p < 0.05.

Results

Classification of SCHs based on the clinical findings

A total of 56 patients were included in the study. First, we
examined the order inwhich the first symptom/finding occurred in
all cases: vaginal bleeding preceding SCH or vice versa (Fig. 1A). The
results showed that in 41 patients, the presence of SCHs was
confirmed simultaneously with the occurrence of vaginal bleeding
or before the occurrence of vaginal bleeding (hematoma to
bleeding: HB group). On the other hand, 15 patients had no SCHs
when they complained of vaginal bleeding, and the SCH was later
identified on imaging tests (bleeding to hematoma: BH group).
Thereafter, we compared thematernal backgrounds, clinical course,
and adverse outcomes between these two groups.

We first compared several maternal backgrounds between two
groups, and there was no significant difference (Table 1). Next, we
compared the symptoms and findings of SCHs and bleeding.
Regarding the onset time of vaginal bleeding, there was no signif-
icant difference between the two groups (Fig. 1B). On the other
hand, the onset of SCHs was significantly later in the BH group than
in the HB group (mean: 14.1 weeks [BH group] vs. 10.0 weeks [HB
group], p ¼ 0.0015, Fig. 1C). Regarding the estimated maximum
volume of the SCH during pregnancy, there was no significant
difference between the two groups (Fig. 1D).

The duration of SCHs and/or vaginal bleeding was then exam-
ined. The results showed that the presence of SCH and/or vaginal
bleeding continued until delivery at a significantly higher fre-
quency in the BH group compared to the HB group. (10/15; 66.7%
[BH group] vs. 6/41; 14.6% [HB group], p ¼ 0.0003, Fig. 2A). When
we compared the duration of SCHs and/or vaginal bleeding be-
tween the two groups, the duration of SCHs and/or vaginal bleeding
was significantly longer in the BH group than in the HB group
(mean: 60.8 days [BH group] vs. 33.3 days [HB group], p ¼ 0.015,
Fig. 2B).

Primary outcome: a comparison of the delivery times

As the primary outcome, the time of delivery between the BH
and HB groups was assessed. The results showed that BH group
patients delivered significantly earlier than HB group patients

(mean: 27.3 weeks [BH group] vs. 35.6 weeks [HB group],
p ¼ 0.0028, Fig. 2C). In addition, we performed an analysis after
dividing the time of delivery into three periods: SA (<22 weeks),
VE (22e28 weeks) and P þ T (more than 29 weeks). The distri-
bution was significantly different between the two groups
(p ¼ 0.0002). The frequency of VE was significantly higher in the
BH group than in the HB group (6/15; 40.0% [BH group] vs. 1/41;
2.4% [HB group], p ¼ 0.0009, Fig. 2D). In contrast, the frequency of
P þ T was significantly higher in the HB group than in the BH
group (5/15; 33.3% [BH group] vs. 34/41; 82.9% [HB group],
p ¼ 0.0024, Fig. 2D).

Association of adverse maternal/neonatal outcomes

Next, we investigated the perinatal adverse outcomes. There
was no significant difference in the frequency of pPROM between
the two groups (3/15; 20.0% [BH group] vs. 7/41; 17.1% [HB group],
p ¼ 0.7, Table 2A). Although it is not significant, all three pPROM
cases in the BH group occurred at <28 weeks of gestation, whereas
only four out of seven pPROM cases (57.1%) in the HB group
occurred at <28 weeks. Regarding CAOS development, the fre-
quency of CAOSwas significantly higher in the BH group than in the
HB group (3/15; 20.0% [BH group] vs. 0/41; 0.0% [HB group],
p¼ 0.016, Table 2A). The frequency of continuous tocolysis was also

Fig. 1. BH: bleeding to hematoma group, HB: hematoma to bleeding group. A: Time-lag between bleeding to hematoma. All cases were divided into hematoma-to-bleeding group
(n ¼ 41) and bleeding-to-hematoma group (n ¼ 15). B: Comparison of onset time of vaginal bleeding. C: Comparison of timing of recognition of hematoma. D: Comparison of
estimated volume of subchorionic hematoma (SCH) between HB and BH group.

Table 1
Clinical maternal background in BH and HB groups.

BH (n ¼ 15) HB(n ¼ 41) p-value

Age (mean) 32 35 0.3
Parity
S2 (n) 3 5 0.67
1 (n) 3 11 1
0 (n) 9 25 1

Previous spontaneous abortion
S1 (n) 5 21 0.36

Fertility treatment
no fertility treatment (n) 7 15 0.55
Timing and AIH (n) 1 6 0.66
IVF, ICSI (n) 7 20 1

History or co-existence of
myoma or adenomyosis (n)

3 7 1

Autoimmune disorder (n) 0 7 0.17

AIH: artificial insemination of husband's semen, BH: bleeding to hematoma group,
HB: hematoma to bleeding group, ICSI: intracytoplasmic sperm injection, IVF:
in vitro fertilization.
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significantly higher in the BH group than in the HB group (5/15;
33.3% [BH group] vs. 2/41; 4.9% [HB group], p ¼ 0.012, Table 2A).
When the frequency of initiation of tocolysis before 28 weeks was
further investigated, all five patients in the BH group were found to
have been administered before 28 weeks of gestation, whereas
there were no such cases in the HB group (5/15; 33.3% [BH group]
vs. 0/41; 0.0% [HB group], p ¼ 0.0008, Table 2A). There were no
cases of placental abruption in either group (Table 2A).

Next, we studied the adverse neonatal outcomes. First, we
compared the Apgar score at 5 min between the groups. The fre-
quency of Apgar score <8 points was significantly higher in the BH
group than in the HB group (6/15; 66.7% [BH group] vs. 3/41; 7.3%
[HB group], p ¼ 0.0078, Table 2B) as was the frequency of severe
fetal distress (Apgar score <4 points) (4/15; 26.7% [BH group] vs. 0/
41; 0.0% [HB group], p ¼ 0.0037, Table 2B). As for umbilical artery
pH, there was no significant difference between the groups
(Table 2B). Regarding birth weight, there was no significant

difference in the frequency of small-for-gestational-age (SGA) and
large-for-gestational-age (LGA) neonates in the two groups
(Table 2B).

Analysis of coagulation-related factors and supplementation of
factor XIII

As shown, the major differences in the clinical findings after 14
weeks of gestation were that the BH group had a significantly
longer period of vaginal bleeding and/or presence of SCHs than the
HB group. Therefore, we evaluated some coagulation-related
factors.

Fibrinogen and D-dimer were investigated first. However, there
was no significant difference in them between the BH and HB
groups (Fig. 3A and B). We also examined the activity of anti-
thrombin III (ATIII), a relatively common cause of congenital coa-
gulopathy, and there was no significant difference between the two
groups, either (Fig. 3C). Next, we examined factor XIII, which is
known to decrease secondary to chronic inflammation [16].
Although the study was underpowered due to the limited number
of cases, the levels of factor XIII were relatively lower in the BH
group than in the HB group (mean: 54.8% (n ¼ 4) [BH group] vs.
76.1% (n ¼ 7) [HB group], p ¼ 0.077, Fig. 3D).

We therefore tried supplementation XIII therapy for a SCH pa-
tient who required hospitalization (BH group). Her clinical course
was described in Supplementary Appendix.

Discussion

In this retrospective cohort study, we investigated whether the
order of the symptoms, bleeding prior to hematoma, was related to
the practical clinical course of pregnancy. The results showed a
significantly higher frequency of VE (delivery between 22 and 28
weeks of gestation) in the BH group than in the HB group. This was
mainly due to the development of pPROM or CAOS because all cases
of pPROM and CAOS in the BH group also showed early onset of
regular uterine contractions, requiring continuous tocolysis and
eventually resulting in premature birth. The prognosis of preterm
birth before 28weeks remains unfavorable and evenworsens in the
setting of CAOS. Thus, the clinical finding of “bleeding first” can be a
very useful marker to stratify high-risk groups likely to develop

Fig. 2. BH: bleeding to hematoma group, HB: hematoma to bleeding group, P þ T: preterm and term delivery, SA: spontaneous abortion, VE: very early preterm delivery. A:
Comparison of frequency of continuous bleeding and/or hematoma until delivery between HB and BH group. B: Comparison of duration of bleeding and/or hematoma between HB
and BH group. C: Comparison of delivery weeks between HB and BH group. D: Delivery weeks are divided into three group; SA (delivery before 22 weeks), VE (delivery between 22
and 28 weeks) and P þ T (delivery after 29 weeks). Comparison about their frequency between HB and BH group.

Table 2
Maternal and neonatal outcomes in BH and HB groups.

A: Maternal clinical outcome in the antepartum.

BH (n ¼ 15) HB(n ¼ 41) p-value

pPROM 3 7 1
onset <28wks 3 4 0.37
onset S28wks 0 3 0.56

CAOS 3 0 0.016
onset <28wks 3 0 0.016
onset S28wks 0 0 1

Continuous tocolysis 5 2 0.012
start <28wks 5 0 0.0008
start S28wks 0 2 1

HDP 0 2 1
Placental abruption 0 0 1

B: Neonatal clinical outcome.

BH (n ¼ 15) HB(n ¼ 41) p-value

Ap 5min < 8 6 3 0.0078
Ap 5min < 4 4 0 0.0037
umbilical artery pH 7.328 7.29 0.32
SGA (<-2.0SD) 0 1 1
LGA (>2.0SD) 0 2 1

Ap: Apgar score, CAOS: chronic abruption and oligohydramnios sequence, HDP:
Hypertensive disorder during pregnancy, LGA: large-for-gestational-age, pPROM:
preterm premature rupture of membranes, SGA: Small-for-gestational-age.
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pPROM/CAOS in early pregnancy, especially as these conditions
carry a poor prognosis.

To date, the only consensus is that cases with long-standing
SCHs and/or vaginal bleeding are strongly associated with the
development of pPROM and CAOS [9,10,17,18]. Therefore, we
compared the duration of SCHs or vaginal bleeding in the BH and
HB groups and found that it was significantly longer in the BH
group. This implies that the symptom of “bleeding first” predicts a
prolonged presence of subsequent SCH or vaginal bleeding,
resulting in the early development of pPROM or CAOS. Since the
duration is only known after the findings have persisted for awhile,
it cannot be a useful marker for the early prediction of pPROM or
CAOS. Our proposed method focusing on the order of symptoms
(bleeding first or hematoma first) can easily be adapted in clinical
practice and is very useful in predicting pPROM or CAOS early.

Considering the more prolonged presence of SCH and/or vaginal
bleeding in BH group, we assume that there is a significant ab-
normality in coagulation ability aroundmembrane in the BH group,
which might cause the difference of clinical symptoms, “bleeding
prior to hematoma”. The fetal membrane of BH group can even-
tually be exposed to blood components for a long period, which can
be the reason of development of pPROM and/or CAOS. Although the
precise mechanism is still to be elucidated [19,20], we assume that
thrombin, a key coagulation factor, is one of main key factors. We
have previously shown that thrombin plays an important role in
determining the vulnerability of the amniotic membrane and
uterine contraction via its receptor, protease-activated receptor-1
(PAR-1) [21,22]. Thrombin can have a direct effect on the devel-
opment of pPROM and/or CAOS.

In this study, we therefore evaluated several coagulation-related
factors, and we found that factor XIII seemed to be relatively
decreased in BH group. Factor XIII is an endogenous coagulation
factor that is activated by thrombin in the final stages of the
coagulation cascade and plays a role in fibrin stabilization. It is
known to decrease secondary to a decrease in its production or
increase in its utilization due to massive bleeding, liver diseases,
and disseminated intravascular coagulation [16]. A decrease in
factor XIII levels is known to cause bleeding and delayed wound
healing [23e25]. In the field of obstetrics, congenital deficiency of
factor XIII can cause pregnancy-related diseases, including abrup-
tion [23,26,27]. However, the clinical significance of secondary
factor XIII deficiency in obstetrics has not been elucidated. Despite
the limited number of cases in the present study, secondary factor
XIII deficiency may be involved to some extent in the development
of long-standing SCHs observed in the BH group.

We therefore tried factor XIII supplementation therapy for the
first time against a SCH patient. However, the role of factor XIII
supplementation in the prevention of pPROM and premature
uterine contractions is limited. Factor XIII does not seem to be

only factor that involves in the occurrence of pPROM and early
uterine contractions caused by prolonged exposure to blood
components.

There are some limitations to this study. In this study, we
assessed only those patients who required hospitalization. Sample
size was therefore small. In addition, more precise investigation
about coagulation-related factors is needed to elucidate the dif-
ference of the order of symptoms, bleeding first or hematoma first.

In conclusion, we found that the order of the symptoms,
bleeding first, reflects the subsequent duration of SCHs/vaginal
bleeding and the very early development of pPROM and CAOS. This
finding can be useful in early pregnancy. The secondary deficiency
of factor XIII may underlie this difference, but its supplementation
only had a limited effect. Further investigation into the pathogen-
esis involved in the conditions affecting BH group patients, who
could be at a higher risk than HB group patients, will help in not
only detecting more reliable markers for the early stratification of
high-risk groups, but also identifying more effective prophylactic
treatment methods.
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