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Purpose: Antepartum hemorrhage (APH) in women with placenta previa (PP) has been 
associated with increased perinatal complications. The present study aims to evaluate the 
maternal and neonatal outcomes, and risk factors related to this condition.
Methods: This retrospective study was conducted in the Obstetrics and Gynecology 
Department of the Second Affiliated Hospital of Army Military Medical University from 
January 2016 to September 2019, which included all women with PP. The clinical and 
ultrasound features in patients with or without APH were compared.
Results: There were 233 women with APH and 302 women without APH in the cohort. 
Most of the women with APH were prone to adverse maternal and neonatal outcomes. In the 
logistic regression analysis, cervical length was inversely correlated to APH (OR: 0.972, 
95% CI: 0.952~0.993), while complete PP increased the risk for APH (OR: 2.121, 95% CI: 
1.208~3.732). Furthermore, the anterior placenta increased the risk for APH (OR: 1.664, 
95% CI: 1.139~2.430), the partial absence of the over lying myometrium increased the risk 
for APH (OR: 2.015, 95% CI: 1.293~3.141), and the previous history of uterine artery 
embolization (UAE) increased the highest risk for APH (OR: 11.706, 95% CI: 
1.424~96.195).
Conclusion: Obstetricians should be aware of the increased risk of adverse pregnancy 
outcomes related to APH in women with complete PP, short cervical length, anterior 
placenta, and partially absent over lying myometrium. Prior UAE is a novel risk factor 
associated with increased prevalence of APH.
Keywords: placenta previa, antepartum hemorrhage, bleeding, pregnancy complications, 
risk factor

Introduction
Antepartum hemorrhage (APH), which is defined as vaginal bleeding events occur-
ring during the second half of pregnancy (after 20 weeks of estimated gestational 
age until delivery), remains as an important cause of perinatal mortality and 
maternal morbidity worldwide.1 In addition to maternal morbidity secondary to 
acute hemorrhage and operative delivery, the fetus may be compromised by uter-
oplacental insufficiency, premature birth and perinatal death.2 The chief cause of 
serious vaginal bleeding in late-term pregnancy is placenta previa (PP), which 
occurs when the placenta implants in a location overlies or abuts the internal 
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cervical os.3 The overall prevalence of PP has been esti-
mated to be approximately five per 1000 pregnancies by 
world region, and this has been increasing with the 
increased utilization of cesarean section, and the growing 
number of women who have been postponing maternity 
worldwide.4 Other risk factors associated with PP include 
chronic hypertension, multiparity, multiple gestations, 
tobacco use, uterine curettage, inadequate prenatal care, 
and male fetal gender.5,6

Studies have suggested that pregnant women with PP 
experience higher rates of APH, when compared to the 
general population of women.7 It was reported that the 
prevalence of APH in pregnant women with PP is approxi-
mately 10 times greater, when compared to non-PP 
women.8 The reported rate of APH in women with PP 
varied across studies, which ranged within 20–90%, and 
this was associated with the high rates of perinatal com-
plications, such as preterm cesarean delivery and cesarean 
hysterectomy.9,10 Although APH is common in pregnant 
women with PP, this has not been extensively studied. 
Furthermore, the management of PP and timing of deliv-
ery are influenced by gestational age and fetal lung matur-
ity, which are balanced against the degree of hemorrhage 
and urgency of the maternal condition.11 Hence, a question 
correlated to PP patients arises: who are more likely to 
have APH, and who should be timely admitted for sched-
uled delivery? Importantly, the APH relevant pregnancy 
outcomes and individual factors for predicting PP with 
APH remain uncertain.

Thus, a reliable prevalence estimate of APH in PP is 
important in informing efforts to identify high-risk 
patients, and in the prevention and management among 
pregnant women with PP, which would perhaps provide 
directions for future studies and relevant public health 
strategies. The present study aims to elucidate and assess 
the maternal and neonatal outcomes and risk factors cor-
related to PP with APH in our large database.

Patients and Methods
The present retrospective study included pregnant women 
with PP who delivered after 28 weeks at the Obstetrics and 
Gynecology Department of the Second Affiliated Hospital 
of Army Military Medical University, between 
January 2016 and September 2019. Our center is 
a tertiary medical center that has a computerized database 
of all deliveries. Medical records pertaining to the demo-
graphic characteristics, medical and obstetrical history, and 
present pregnancy, as well as the delivery, puerperal and 

neonatal outcomes, were all carefully obtained from the 
computerized database. The present study was reviewed 
and approved by the Legitimate Review Board of Army 
Medical University of China (protocol number 
2020–129-01).

The PP diagnosis was based on the transabdominal and 
transvaginal ultrasound performed at admission, and was 
confirmed during the caesarean section. The APH is 
defined as vaginal bleeding events occurring and the total 
antepartum blood loss ≥20mL during the second half of 
pregnancy until delivery. Women with fetal malformation 
or had missing antenatal/outcome variables or who had 
vaginal bleeding but a total antepartum blood loss <20mL 
were excluded from the study. The latter was excluded 
because little blood loss can hardly differentiate with 
bloody show, which is commonly accompanied by blood- 
tinged mucus or a small amount of blood. These patients 
were divided into two groups, and were compared: (1) 
patients with PP with APH (study group); (2) patients 
with PP without APH (control group). The ultrasound 
features for each woman was recorded. Sonographic 
examinations were performed using the GE VOLUSON 
E8 imaging machine (General Electric Co., USA) or the 
Philips IU-Elite system (Philips Electronics NV, 
Netherlands) with a 4–9-MHz transvaginal transducer by 
two skilled obstetric ultrasound technicians.

Clinical Definitions
Type of placenta previa (marginal PP when the lower 
placental edge abuts the internal cervical os, but does not 
cover it, partial PP when the lower placental edge partially 
covers the internal os, and complete PP when the internal 
os is completely covered by the placenta). The type of 
placenta accrete was made according to the classification 
diagnosis referred to the FIGO clinical and histopatholo-
gical classification, which include abnormally adherent 
placenta (placenta adherenta or creta), abnormally invasive 
placenta (Increta), and abnormally invasive placenta 
(Percreta).12 The other special ultrasound features, such 
as partially absent over lying myometrium, loss of the 
retroplacental clear zone, number of placental lacunae, 
utero-vesical hypervascularity doppler signal grading, and 
antepartum cervical length, were described, according to 
previous studies.13–15

The following maternal and neonatal data were retro-
spectively collected from medical records: maternal age, 
number of pregnancies/parity/artificial abortions/cesarean 
deliveries, type of placenta previa, type of placenta 
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accrete, placental location, special ultrasound features, 
previous history of PP/postpartum hemorrhage (PPH)/ 
cesarean scar pregnancy (CSP)/blood transfusion/uterine 
artery embolization (UAE)/uterine surgeries (myomect-
omy, septum resection, or hysteroscopic treatment of 
intrauterine adhesion), use of tocolytics, type of cesarean 
section, estimated intraoperative blood loss, intraoperative 
blood transfusing, peripartum hysterectomy, bladder 
injury, salvage therapy with UAE, mean operation time, 
duration of hospitalization, expenses, need for re- 
hospitalization, puerperal infection, wound infection, 
gestational age at delivery, preterm delivery, birth weight, 
apgar score, neonatal complications, and admission to the 
Neonatal Intensive Care Unit (NICU).

Statistical Analysis
The data on continuous variables with a normal distribution 
was presented as mean ± SD, and compared between study 
groups using Student’s t-test. Continuous variables not nor-
mally distributed and ordinal variables were presented in 
median with the inter-quartile range (IQ range), and the 
statistical analysis was performed using the Mann–Whitney 
test. The categorical data was presented in counts and per-
centages, and the differences were assessed by Pearson Chi- 
Square or Continuity Correction, when appropriate. The 
binary logistic regression with forward stepwise (wald) 
method was used to determine the independent risk factors 
for PP with APH. P<0.05 was considered statistically sig-
nificant. The statistical analysis was performed using the 
SPSS package 20th edition (SPSS Inc., Chicago, IL, USA).

Results
There were a total of 18,071 deliveries from our hospital 
over the 4-year study period and a total sample size of 535 
women with PP was obtained. As a complication at 
the second half of pregnancy, APH occurred in 43.6% of 
PP pregnancies (n=233). Among these patients, 12 patients 
(2.2%) had APH with blood loss of ≥500 mL and five 
patients (0.9%) had severe APH with blood loss of 
≥1000 mL. In addition, there were seven cases (1.3%) of 
peripartum hysterectomy, one case (0.2%) of bladder 
injury, 37 cases (6.9%) of salvage therapy with UAE, 
five cases (0.9%) of re-hospitalization, 11 cases (2.1%) 
of puerperal infection, and no cases of maternal death.

The demographics characteristics and ultrasound fea-
tures between these groups of PP, with or without APH, 
are presented in Table 1. The median maternal age (IQ 
range) was 31.0 (28.0–34.9) years old for women with 

APH and 31.6 (28.9–35.0) years old for women without 
APH. The difference was not statistically significant. The 
univariate analysis revealed that women with APH were 
more likely to have more pregnancies, greater parity, and 
more previous CSs, when compared with women without 
APH. A significantly higher proportion of women were 
complete PP (78.5% vs 64.2%; P=0.001), placenta per-
creta (18.5% vs 9.9%; P=0.001), and anterior placental 
(54.1% vs 37.1%; P=0.001), among the women with 
APH. Special ultrasound features, such as partially absent 
over lying myometrium, loss of the retroplacental clear 
zone, number of placental lacunae, utero-vesical hypervas-
cularity Doppler signal grading, antepartum cervical 
length and previous history of UAE, were all significantly 
associated with APH (P<0.05). However, there was no 
association with maternal age, number of artificial abor-
tions, previous history of PP/PPH/CSP/blood transfusion, 
or previous history of uterine surgeries.

The maternal and neonatal outcomes of PP with and 
without APH are presented in Table 2. The proportion of 
women that used tocolytics (72.5% vs 16.2%), emergency 
CS (38.2% vs 7.6%), peripartum hysterectomy (3.0% vs 
0.0%), salvage therapy with UAE (9.9% vs 4.6%), and 
puerperal infection (3.9% vs 0.7%) were significantly higher 
for women with APH, when compared to those without 
APH. Women with APH had more estimate intraoperative 
blood loss, more blood transfusing, longer mean operation 
time, higher expenses and longer average hospitalization 
days, and these were significant, when compared to women 
who did not have APH. The perinatal outcomes of gestational 
age at delivery, preterm delivery, birth weight, Apgar score, 
neonatal complications and admission to NICU were all 
significant between the study group and control group 
(P<0.05). However, there was no association with bladder 
injury, need for re-hospitalization, or wound infection.

A binary logistic regression model was constructed to 
determine the independent risk factors for PP with APH 
(Table 3). The model revealed that type of placenta, ante-
partum cervical length, placental location, partially absent 
over lying myometrium, and previous history of UAE 
remained as the significant factors associated with APH, 
while other parameters, such as number of pregnancies, 
parity, number of cesarean deliveries, type of placenta 
accrete, loss of the retroplacental clear zone, number of 
placental lacunae, and utero-vesical hypervascularity 
Doppler signal grading were excluded. Cervical length 
was inversely correlated to APH (OR: 0.972, 95% CI: 
0.952~0.993), while complete PP increased the risk for 
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APH (OR: 2.121, 95% CI: 1.208~3.732), anterior placenta 
increased the risk for APH (OR: 1.664, 95% CI: 
1.139~2.430), partially absent over lying myometrium 
increased the risk for APH (OR: 2.015, 95% CI: 
1.293~3.141), and previous history of UAE increased the 

highest risk for APH (OR: 11.706, 95% CI: 
1.424~96.195). However, there was no risk association 
with partial PP vs marginal PP (OR: 1.606, 95% CI: 
0.798~3.234) and others placenta vs posterior placenta 
(OR 0.916, 95% CI 0.398~2.108).

Table 1 Demographic Characteristics and Ultrasound Features

Variables PP with APH (n=233) PP without APH (n=302) P-value

Maternal agea 31.0 (28.0–34.9) 31.6 (28.9–35.0) 0.270
Number of pregnanciesa 4.0 (3.0–5.0) 4.0 (2.8–5.0) 0.024

Paritya 1.0 (1.0–2.0) 1.0 (1.0–2.0) 0.001

Number of artificial abortionsa 2.0 (1.0–3.0) 2.0 (1.0–2.0) 0.172

Number of cesarean deliveriesb 0.011
0 97.0 (41.6) 140.0 (46.4)

1 108.0 (46.4) 147.0 (48.7)

≥2 28.0 (12.0) 15.0 (5.0)

Type of placenta previab 0.001

Marginal PP 21.0 (9.0) 58.0 (19.2)
Partial PP 29.0 (12.4) 50.0 (16.6)

Complete PP 183.0 (78.5) 194.0 (64.2)

Type of placenta accreteb 0.001

No placenta accreta 88.0 (37.8) 171.0 (56.6)

Placenta adherenta 54.0 (23.2) 58.0 (19.2)
Placenta increta 48.0 (20.6) 43.0 (14.2)

Placenta percreta 43.0 (18.5) 30.0 (9.9)

Placental locationb 0.001

Anterior 126.0 (54.1) 112.0 (37.1)

Posterior 97.0 (41.6) 172.0 (57.0)
Others 10.0 (4.3) 18.0 (6.0)

Partially absent of the over lying myometriumb 82.0 (35.2) 47.0 (15.6) 0.001
Loss of the retroplacental clear zoneb 83.0 (35.6) 50.0 (16.6) 0.001

Number of placental lacunaeb 0.001
0 145.0 (62.2) 239.0 (79.1)

1 25.0 (10.7) 16.0 (5.3)

≥2 63.0 (27.0) 47.0 (15.6)

Utero-vesical hypervascularity doppler signal gradingb 0.001

I 19.0 (8.2) 15.0 (5.0)
II 42.0 (18.0) 34.0 (11.3)

III 37.0 (15.9) 21.0 (7.0)

Antepartum cervical length (mm)a 31.0 (25.6–38.0) 35.0 (29.6–40.0) 0.001

Previous history of PPc 7.0 (3.0) 4.0 (1.3) 0.294

Previous history of CSPc 7.0 (3.0) 2.0 (0.7) 0.080
Previous history of PPHc 4.0 (1.7) 2.0 (0.7) 0.463

Previous history of blood transfusionb 7.0 (3.0) 5.0 (1.7) 0.296

Previous history of UAEc 10.0 (4.3) 1.0 (0.3) 0.004
History of uterine surgeriesb 8.0 (3.4) 8.0 (2.6) 0.597

Notes: aMann–Whitney test; bPearson Chi-square test; cContinuity Correction; Values are given as mean±SD, number (percentage), or median (inter-quartile range). 
Abbreviations: CSP, cesarean scar pregnancy; PPH, postpartum hemorrhage; UAE, uterine artery embolization.
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Based on the above model, with the presence of either 
one of the five significant factors being categorized as 
positive for high risk of APH, the overall prediction rate 
was 65.6%, and the sensibility, specificity, positive pre-
dictive value and negative predictive value was 44.6%, 
81.8%, 65.7% and 34.6%, respectively.

Discussion
PP with APH is a relatively common clinical scenario 
worldwide. A systematic review and meta-analysis pooled 
the overall prevalence of APH among pregnant women 

with PP, which was 51.6% (95% CI: 42.7–60.6), in 
a heterogeneous set of studies.16 Our results were similar, 
showed an incidence of PP with APH in our tertiary 
centers was 43.6%. Furthermore, PP pregnancies with 
APH have been shown to be mostly prone to adverse 
maternal and neonatal outcomes. Higher incidence of 
emergency CS, hysterectomy, hemorrhage associated com-
plications and puerperal infection were found in the APH 
group. Meanwhile, earlier gestational ages, higher prob-
ability of preterm delivery, neonatal complications and 
admission to the NICU, lower birth weight, and Apgar 

Table 2 Pregnancy Outcomes

Variables PP with APH (n=233) PP without APH (n=302) P-value

Use of tocolyticsb 169.0 (72.5) 49.0 (16.2) 0.001

The type of cesarean sectionb 0.001

Elective CS 144.0 (61.8) 279.0 (92.4)
Emergency CS 89.0 (38.2) 23.0 (7.6)

Estimate intraoperative blood loss (mL)a 800.0 (600.0–1200.0) 800.0 (500.0–1000.0) 0.001

Intraoperative blood transfusing (mL)a 400.0 (0.0–600.0) 0.0 (0.0–400.0) 0.001

Peripartum hysterectomyc 7.0 (3.0) 0.0 (0.0) 0.008

Bladder injuryc 1.0 (0.4) 0.0 (0.0) 0.896

Salvage therapy with UAEb 23.0 (9.9) 14.0 (4.6) 0.018

Mean operation time (min)a 105.0 (80.0–145.0) 95.0 (75.0–120.0) 0.004

Duration of hospitalization (day)a 6.0 (4.0–8.0) 4.0 (4.0–5.0) 0.001

Expenses (yuan)a 26,991.0 (22,289.0–32,965.0) 22,765.0 (19,241.0–27,002.0) 0.001

Need for re-hospitalizationc 4.0 (1.7) 1.0 (0.3) 0.231

Puerperal infectionc 9.0 (3.9) 2.0 (0.7) 0.023

Wound infectionc 3.0 (1.3) 3.0 (1) 1

Gestational age at deliverya 35.1 (33.6–36.2) 37.2 (36.3–38.1) 0.001

Preterm deliveryb 200.0 (85.8) 110.0 (36.4) 0.001

Birth weight (g)d 2500.6±499.4 2970.8±435.2 0.001

Apgar score at 1 mina 10.0 (9.0–10.0) 10.0 (10.0–10.0) 0.001

Apgar score at 5 mina 10.0 (9.0–10.0) 10.0 (10.0–10.0) 0.001

Apgar score at 10 mina 10.0 (9.0–10.0) 10.0 (10.0–10.0) 0.001

Toal apgar scorea 30.0 (27.0–30.0) 30.0 (27.0–30.0) 0.001

Neonatal complicationsc 115.0 (49.4) 36.0 (11.9) 0.001

Admission to NICUb 118.0 (50.6) 36.0 (11.9) 0.001

Notes: aMann–Whitney test; bPearson Chi-square test; cContinuity Correction; dStudent’s t-test. Values are given as mean±SD, number (percentage), or median (inter- 
quartile range). 
Abbreviations: CS, cesarean section; UAE, uterine artery embolization; NICU, neonatal intensive care unit.
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score were also associated with APH, which may mainly 
be correlated to the prematurity. These present findings are 
consistent with those of earlier studies.17,18 Given the 
unpredictable PP with APH, and the associated maternal 
and neonatal consequences, these present findings support 
the conclusion, that is, the Society for Maternal Fetal 
Medicine recommends planned delivery at late preterm 
for cases without antepartum bleeding or other pregnancy 
complications.11

In view of the ongoing risk of hemorrhage with 
delayed delivery, identifying women at high risk for 
APH would be beneficial. Five major determinants were 
identified for PP with APH, while the following factors as 
complete PP, anterior placenta and short cervical length 
were listed in the final regression analysis. These findings 
were compatible with most of the studies available in 
present literatures. APH was more prevalent in women 
with complete placenta previa, when compared to those 
with incomplete one.19,20 Gestational age at bleeding onset 
was lower in the anterior group than in the posterior group, 
and the incidence of preterm delivery was higher in the 
anterior group than in the posterior group.21 Even with the 
use of different cut-off values at the time of examination 
and frequency of cervical length measurements, short cer-
vix was verified to strongly predict the occurrence of 
massive APH.22

In this study, previous UAE has been identified as 
a novel eleven-fold increased risk factor for APH. UAE 
combined with curettage has been proven to be effective 
and safe for the treatment of cesarean scar pregnancy. 
Furthermore, UAE also as a salvage measure for intract-
able post-partum hemorrhage. A few series of small case 
reports of subsequent pregnancies after UAE also reported 

no adverse effects,23,24 while another study reported a high 
risk for recurrence of post-partum hemorrhage and abnor-
mal placentation in subsequent pregnancies after UAE.25 

The possible causes for this new relationship include the 
abnormal new generation of blood vessels after the pre-
vious UAE, in which the more brittle fracture resulted in 
APH. Another possibility is that some special surgical 
procedures are always performed after the UAE, leading 
to surgical trauma of the uterine endometrium or myome-
trium (prior dilatation and curettage or compression 
suture).

A partially absent over lying myometrium was found to 
be a two-fold increased risk factor for APH. The myome-
trial thinning to less than 1 mm, or the myometrium 
undetectable on ultrasound, has been used as a prenatal 
diagnostic sign for abnormally invasive placentas. 
However, this has only been reported in 50% of cohort 
studies.26 The myometrium appears excessively thin or 
undetectable due to the villous invasion, and this can 
also be observed when the placenta develops underneath 
a major scar defect, in which the myometrium is thinner 
than normal, or completely replaced by scar tissue.13 

Occasionally, the myometrium may partly dehisce or 
become excessively thin that the placenta can be observed 
through this at delivery. The absence of the decidua that 
prevents the separation causes clinically-adherent placenta 
and subsequent bleeding.27 However, it remains uncertain 
whether the increased risk for APH in women with PP is 
based on the same mechanism as that in abnormally inva-
sive placentas.

The strength of the present study is the collection for 
PP patients with a comparatively large sample size during 
the previous four-year period, and the prenatal routine 

Table 3 Logistic Regression for the Indicators for APH

Variables B Wald P OR (95%CL)

Type of placenta
Partial PP vs marginal PP 0.474 1.760 0.185 1.606 (0.798~3.234)

Complete PP vs marginal PP 0.752 6.853 0.009 2.121 (1.208~3.732)

Antepartum cervical length(mm) −0.028 6.614 0.010 0.972 (0.952~0.993)

Placental location

Anterior vs posterior 0.509 6.929 0.008 1.664 (1.139~2.430)

Others vs posterior −0.088 0.042 0.836 0.916 (0.398~2.108)

Partially absent of the over lying myometrium 0.701 9.578 0.002 2.015 (1.293~3.141)

Previous history of UAE 2.460 5.240 0.022 11.706 (1.424~96.195)

Abbreviation: UAE, uterine artery embolization.
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examination, medical strategies, diagnostics and reporting 
clinicians, and ultrasonic teams remain the same, which 
ensured the comparability. The major limitation of the 
study is that this was retrospectively designed in a single 
medical center. In addition, low-lying placenta previa 
patients were not included in the present study. Multi- 
centered prospective, controlled studies are needed to 
obtain more objective conclusions and to establish reliable 
recommendations in the future.

Conclusion
In conclusion, obstetricians should be aware of the 
increased risk of adverse pregnancy outcomes related to 
APH in women with complete PP, short cervical length, 
anterior placenta, and partially absent over lying myome-
trium. Prior UAE is a novel risk factor associated with 
increased prevalence of APH. These present findings indi-
cate that focusing on the ultrasound assessment and med-
ical history of women at high risk would likely increase 
the antenatal suspicion of APH, allowing them to be 
timely admitted for scheduled delivery.
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