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ABSTRACT

ARTICLE HISTORY

Objective: Women previously giving birth with cesarean section have an increased risk of postpartum
hemorrhage (PPH) and retained placenta. The objective of this study was to determine if anterior placental location increased the risk of PPH and retained placenta in such women.
Materials and methods: We performed a prospective cohort study on 400 women with cesarean section delivery in a previous pregnancy. Ultrasound examinations were performed at gestational week
28–30, and placental location, myometrial thickness, and three-dimensional vascularization index (VI)
were recorded. Data on maternal age, parity, BMI, smoking, gestational week at delivery, induction,
delivery mode, oxytocin, preeclampsia, PPH, retained placenta, and birth weight were obtained for all
women. Outcome measures were PPH (1,000 mL) and retained placenta.
Results: The overall incidence of PPH was 11.0% and of retained placenta 3.5%. Twenty-three women
(11.8%) with anterior placenta had PPH compared to 12 (6.9%) with posterior or fundal locations. The
odds ratio was 1.94, but it did not reach statistical significance. There was no significant risk increase
for retained placenta in women with anterior placentae. Seven of eight women with placenta previa
had PPH, and four had retained placenta.
Conclusions: The overall risk of PPH and retained placenta was high for women with previous cesarean section. Anterior location of the placenta in such women tended to impose an increased risk for
PPH but no risk increase of retained placenta. Placenta previa in women with previous cesarean section
is associated with a high risk for PPH and retained placenta.
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Introduction
As rates of cesarean section continue to increase worldwide
(1), methods for prediction, surveillance, and management of
complications during pregnancy and delivery associated with
previous cesarean section become increasingly important.
Uterine rupture, placenta previa, and placenta accreta are
well-known and potentially life-threatening complications,
but are fortunately still rare conditions (2,3). They have, however, increased alongside the rising number of women with
previous uterine surgery (4). A decision-analytic model by
Solheim et al. (5) has predicted a substantial increase in the
incidence of placenta previa and accreta and in maternal
mortality if the cesarean section rate continues to increase.
Postpartum hemorrhage (PPH) is more common and is
associated with maternal mortality and morbidity. Women
with previous cesarean section delivery have a higher risk for
PPH compared with women without previous cesarean section (6,7). The incidence of PPH has also increased during the
last decades (8,9).
We have previously conducted a population-based cohort
study that showed an increased risk (3.44%) of retained
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placenta in women previously delivered by cesarean section
(10). The risk was higher for retained placenta with PPH than
for retained placenta with normal blood loss. The reasons for
this increased risk are not fully understood, but theories
focus on the scarred uterine wall and resemble discussions
concerning the pathology behind placenta previa and accreta
(11). If the abnormal implantation in the uterine wall is
caused by the cesarean section scar, the placenta should be
located over the scarred myometrium in order to be retained
and cause PPH. It has been reported that, among women
with placenta previa, all with abnormal invasive placentae
had a previous cesarean section and anterior placenta previa
(12). Pictorial ultrasound, including measurements of myometrial thickness and 3D power Doppler at the placental site,
has been used to diagnose invasive placentation (12,13).
In Sweden, every pregnant woman is offered a routine
second trimester ultrasound at 18 weeks of gestation, and
97% of all women attend (14). Gestational age is estimated,
fetal anomalies looked for, and location of the placenta is
recorded. In case of a low-lying placenta the woman is examined again in the third trimester to evaluate if the placenta
has migrated or not. Previous studies have shown that
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migration of a low-lying placenta occurred less often in
women with previous cesarean section (15). Whether or not
there is an association between the location of the placenta
in a scarred uterus and complications such as retained placenta and PPH has not yet been examined. Therefore, the
aim of this study was to investigate if an anterior placental
location in women with a previous cesarean section delivery
increased the risk for PPH and retained placenta.

Materials and methods
This prospective longitudinal study was performed between
July 2010 and October 2013, at the Department of Obstetrics
and Gynecology, Uppsala University Hospital, Sweden.
Uppsala University hospital is a tertiary referral center with
approximately 4,000 deliveries per year. The cesarean section
rate during the study period was 16%.
All pregnant women who had been delivered by cesarean
section in at least one previous pregnancy were eligible for
participation. They were invited to participate by the midwife
conducting the routine ultrasound at approximately gestational week 18. Only singleton pregnancies were included.
Reasons for non-participation were not recorded. The women
were examined by abdominal ultrasound at gestational week
28–30 by one of three physicians (J.B., K.E., A.M.L.) using
Voluson E8 (GE Medical Systems) ultrasound equipment. This
time period was chosen in order not to exclude preterm
deliveries. The location of the placenta was recorded as
anterior, low anterior, posterior, low posterior, fundal, posterior previa, or anterior previa. Low anterior or posterior was
defined as placenta localized close to but more than 2 cm
from the internal cervical os. Previa was diagnosed when the
placenta was less than 2 cm from or covered the cervical os.
The thickness of the myometrium at the midsection of the
placenta was determined. Vascularization index (VI) measured
by 3D ultrasound power Doppler was obtained from a preset
sonobiopsy in the midsection of the placenta and uterine
wall. Data on age, body mass index (BMI), smoking, parity,
and number of previous cesarean sections were recorded for
all women. Data on induction, mode of delivery, use of oxytocin to promote labor, gestational week at delivery, infant
birth weight, retained placenta, and PPH were retrieved from
the records. Blood loss at delivery was estimated by the
delivering midwife or obstetrician and documented in the
women’s patient record. If the bleeding was estimated to
exceed 500 mL all cloths and sheets were weighed for more
exact measurement. Main outcomes were PPH defined as
blood loss 1,000 mL and retained placenta. Retained placenta was diagnosed when placenta had to be removed
manually after vaginal delivery or was substantially difficult
to remove during cesarean section. The clinicians who diagnosed PPH and retained placenta had no knowledge on the
outcome of the ultrasound scan at week 28.

Statistical analysis
All statistical analyses were performed using SPSS statistical
software, version 19. For PPH and retained placenta as the

outcome variables, crude and adjusted odd ratios (OR) were
used to calculate the association with placental location. The
adjusted ORs were estimated by logistic regression. When
calculating the association between VI and amount (mL) of
blood loss, Pearson’s correlation coefficient was used. A P
value of less than 0.05 was considered statistically significant.

Power calculation
The incidence of PPH was presumed to be 10%. To detect an
increase to 20% in women with anterior placentae with a
two-sided alfa of 0.05 and a beta of 0.20, 398 women had to
be included. Therefore, recruitment was stopped when 400
women were included.
The regional ethical board at the Medical Faculty, Uppsala
University, Sweden approved the study, and informed consent was obtained from all participants.

Results
During the study period about 900 women with previous
cesarean section had their routine scan, but limited personnel resources led to periods of low recruitment. Of the 529
women who were invited to participate, 407 agreed. Seven
women were excluded; five because of delivery before week
28 and two because they had moved before week 28.
There were minor or no differences in maternal, delivery,
and infant characteristics between participants and non-participants (Table 1). Among the non-participants more had
more than one previous cesarean section, more were multiparous, more were smokers, and fewer had induced labor. At
28 weeks 218 (54.5%) of the placentae were anterior, and
182 (45.5%) had other locations (Table 2).
Between the routine scan at 18 weeks and the examination at 28 weeks, 23 (62.2%) of low-lying placentae had
migrated to a posterior or anterior position. Eight women
(2.0%) were diagnosed with placenta previa; two were posterior and six anterior. Three women with anterior placenta
previa were diagnosed as placenta accreta by ultrasound,
and two of them had a hysterectomy performed at delivery.
The third woman did not have a hysterectomy, and blood
loss was only 800 mL. Four women (1.0%) were diagnosed
with uterine rupture.
The overall incidence of PPH was 11.0% and of retained
placenta 3.5% (Table 1).
Twenty-three women (11.8%) with anterior placenta had
PPH compared to 12 (6.9%) with posterior or fundal placenta
(Table 3). The adjusted OR was 1.94, but the difference was
not statistically significant (P ¼ 0.10); the corresponding figure
when excluding cases with uterine rupture was 2.13
(P ¼ 0.06). Among the women with retained placenta three
(1.5%) were anterior and seven (4.0%) localized elsewhere.
Adjustments were made for maternal age, parity, number of
previous cesarean sections, gestational age at delivery, mode
of delivery, induction, use of oxytocin, and infant birth
weight. Among the women with low-lying anterior or posterior placenta there was only one woman with PPH in each
group and none with retained placenta. Five of the six

UPSALA JOURNAL OF MEDICAL SCIENCES

Table 1. Maternal, delivery, and infant characteristics in participants and nonparticipants.

Age (years)
22–29
30–39
40–49
Parity (para)
1
>1
Previous cesarean section
1
>1
Body mass index
18–25
26–30
31–53
Smoking, Yes
Preeclampsia, Yes
Gestational week at delivery
31–36
37–42
Mode of delivery
Vaginal, non-instrumental
Vaginal, vacuum extraction
Caesarean section
Induction, Yes
Use of oxytocin, Yes
Birth weight (g)
Mean
Range
Myometrial thickness (mm)
Mean
Range
Vascularization index (%)
Mean
Range
Postpartum hemorrhage (mL)
<1000
1000
Retained placenta, Yes

Participants
(n ¼ 400)

Non-participants
(n ¼ 129)

75 (18.8%)
288 (72.0%)
37 (9.2%)

28 (21.7%)
90 (69.8%)
11 (8.5%)

272 (68.3%)
126 (31.7%)

75 (58.1%)
54 (41.9%)

337 (85.1%)
59 (14.9%)

102 (79.0%)
27 (21.0%)

233
109
54
15
10

(58.8%)
(27.6%)
(13.6%)
(3.8%)
(2.5%)

77
27
18
8
1

22 (5.5%)
376 (94.5%)
145
34
221
66
125

(63.1%)
(22.1%)
(14.8%)
(6.3%)
(0.8%)

50
8
70
11
34

3723
1687–5090

(39.0%)
(6.3%)
(54.7%)
(8.7%)
(26.6%)

3589
2010–4840

5.5
3.0–10.5
25.8
2.5–63.0
356 (89.0%)
44 (11.0%)
14 (3.5%)

women with anterior placenta previa and both of the two
with posterior placenta previa had PPH. Three of the six
women with anterior previa and one of the two with posterior previa had retained placenta (Table 3).
Vascularization index (VI) ranged from 2.5% to 63.0% with
a mean of 25.8%. There was no difference between anterior
and posterior placenta. However, the examiners found the
3D volumes with VI easier to access in anterior placenta.
There was no increase in VI in cases of PPH or retained placenta. Myometrial thickness did not correlate with PPH or
retained placenta (data not shown).

Discussion

10 (8.1%)
113 (91.9%)

(36.3%)
(8.5%)
(55.2%)
(16.7%)
(31.4%)
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107 (85.6%)
18 (14.4%)
6 (4.7%)

Table 2. Placental location at 28 weeks.
Placental location

n

Percent

Anterior
Low anterior
Posterior
Low posterior
Fundal
Anterior previa
Posterior previa
Total

195
17
152
7
21
6
2
400

48.7%
4.3%
38.0%
1.7%
5.3%
1.5%
0.5%
100%

The frequency of PPH for women with anterior placenta
tended to be higher, although not significantly, than that for
other placental locations (11.8% compared to 6.9%). An
increased risk of PPH and retained placenta for women with
previous cesarean section and placenta previa was verified in
anterior as well as posterior placenta previa. VI or myometrial
thickness at the placental site was not associated with PPH
or retained placenta.
The main strength of the study is its prospective longitudinal design. All examinations were performed by the
authors (J.B., K.E., A.M.L.) in the department where the
women were delivered, optimizing reliability of the data.
The substantial proportion of women previously delivered by
cesarean section who did not participate in the study is a
limitation. However, we found only minor differences concerning background data and outcomes between participants
and non-participants. The reasons for lack of recruitment
were purely logistic in nature and should not have caused
selection bias.
We found a PPH incidence of 11.9% in this group of
women with previous caesarean section delivery. This is in
agreement with Taylor et al. (7) who report a figure of 8.7%.
In a general population, incidences of 2.8% (6) and 2.6% (8)
have been reported. Retained placenta occurred in 3.8%,
which is well in line with our previous population-based
study (10).
There was higher rate of PPH in women with anterior
placenta, but the difference did not attain statistical significance. The present study was powered to detect a risk
increase of 10%.

Table 3. Odds ratios for PPH (PPH > 1,000 mL) and retained placenta correlated to placental location.
PPH

Retained placenta
Odds ratio

Placental location

n (total)

Anterior
Posterior or fundal
Low anterior
Low posterior
Anterior previa
Posterior previa

23
12
1
1
5
2

(195)
(173)
(17)
(7)
(6)
(2)

Odds ratio

Rates, %

Crude

Adjusted

11.8
6.9
5.9
14.3
83.3
100

1.79 (P ¼ 0.12)
reference
0.34 (P ¼ 0.51)
reference
–
reference

1.94 (P ¼ 0.10)
reference
–
reference
–
reference

n (total)
3
7
0
0
3
1

(195)
(173)
(17)
(7)
(6)
(2)

Rates, %

Crude

Adjusted

1.5
4.0
0
0
50
50

0.37 (P ¼ 0.16)
reference
–
reference
1 (P ¼ 1.0)
1

0.34 (P ¼ 0.13)
reference
–
reference
–
–

Adjusted for: maternal age, parity, number of previous caesarean sections, gestational age at delivery, mode of delivery, induction, use of oxytocin, and birth
weight.
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Disclosure statement

The incidence of placenta previa varies between different reports. Our finding, 2.0%, for women with at least
one prior cesarean section is similar to that previously
reported by To et al. (1.31%) (16) but substantially lower
than the 5% reported by Jauniaux and Jurkovic (17). We
could not confirm the results of Naji et al. (18) stating that
more placentae are posterior in women with a previous
cesarean section. On the contrary, we found a majority of
the placentae to be anterior, which also holds true for placenta previa. The reason for this difference might be that
Naji et al. (18) assessed placental location at week 12 and
we at week 28. Our figure, 5.3%, for fundal placentae is,
however, well in line with the 4.7% reported by Naji et al.
(18). Moreover, the percentage of placental migration from
a low-lying position is in the same range, about 60%, as
that found by Naji et al. (18), although the interval
between the observations differs. Interestingly, Lal et al.
(15) have reported that 61% of second trimester placenta
previa in women with a prior cesarean section have
migrated before delivery.
Assuming that retained placenta and PPH in women previously delivered by cesarean section share the same mechanism as placenta accreta, although less invasive, the
antenatal diagnostic signs might be similar. Many reports
have evaluated different diagnostic signs for placenta
accreta (19). Wong et al. (13) found myometrial thickness
less than 1 mm predictive, and Cali et al. (12) found irregular hypervascularization, seen by 3D ultrasound, in cases of
placenta accreta. We found no association between myometrial thickness and PPH or retained placenta. Moreover, we
found no difference in VI between women with PPH and
others. Our findings cannot, however, be directly compared
to those by Cali et al. since they examined only cases of
placenta previa, which made it possible to measure the
uterine serosa–bladder wall interface. In our study, we
measured the VI on all placental locations. In week 28, it is
not possible to measure the entire placental width.
Therefore, we used a sonobiopsy to evaluate placental vascular indices, which has been shown to correlate well to 3D
power Doppler of the entire placenta (20). However, other
studies have shown poor reliability and reproducibility
when estimating placental perfusion using 3D power
Doppler (21,22).
Our findings showing an increased risk for PPH and
retained placenta in women with placenta previa are not surprising, but we stress the importance of a correct prenatal
diagnosis of placental location. This is a prerequisite to optimize the management at delivery. Cases not diagnosed prenatally have an increased risk of maternal morbidity (23).
Moreover, the high rate of PPH, retained placenta, placenta
previa, and uterine rupture, shown here in women with a
previous caesarean section, adds further important knowledge to the highly topical discussion on the increasing rates
of caesarean section worldwide.

15.

Acknowledgements

16.

€m and Nicklas Pihlstro
€m for statistical
The authors thank Fredrik Granstro
advice and support.

17.

The authors report no conflicts of interest.

Funding
The research was funded by Allm€anna BB’s minnesfond, Uppsala
University and the county council of Uppsala Sweden.

References
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

Betran AP, Merialdi M, Lauer JA, Bing-Shun W, Thomas J, Van Look
P, et al. Rates of caesarean section: analysis of global, regional and
national estimates. Paediatr Perinat Epidemiol. 2007;21:98–113.
Guise JM, McDonagh MS, Osterweil P, Nygren P, Chan BK, Helfand
M. Systematic review of the incidence and consequences of uterine rupture in women with previous caesarean section. BMJ.
2004;329:19–25.
Makoha FW, Felimban HM, Fathuddien MA, Roomi F, Ghabra T.
Multiple cesarean section morbidity. Int J Gynaecol Obstet.
2004;87:227–32.
Higgins MF, Monteith C, Foley M, O’Herlihy C. Real increasing incidence of hysterectomy for placenta accreta following previous
caesarean section. Eur J Obstet Gynecol Reprod Biol.
2013;171:54–6.
Solheim KN, Esakoff TF, Little SE, Cheng YW, Sparks TN, Caughey
AB. The effect of cesarean delivery rates on the future incidence
of placenta previa, placenta accreta, and maternal mortality.
J Matern Fetal Neonatal Med. 2011;24:1341–6.
Kramer MS, Berg C, Abenhaim H, Dahhou M, Rouleau J, Mehrabadi
A, et al. Incidence, risk factors, and temporal trends in severe postpartum hemorrhage. Am J Obstet Gynecol. 2013;209:449 e1–7.
Taylor LK, Simpson JM, Roberts CL, Olive EC, Henderson-Smart DJ.
Risk of complications in a second pregnancy following caesarean
section in the first pregnancy: a population-based study. Med J
Aust. 2005;183:515–19.
Lutomski JE, Byrne BM, Devane D, Greene RA. Increasing trends in
atonic postpartum haemorrhage in Ireland: an 11-year populationbased cohort study. BJOG. 2012;119:306–14.
Bateman BT, Berman MF, Riley LE, Leffert LR. The epidemiology of
postpartum hemorrhage in a large, nationwide sample of deliveries. Anesth Analg. 2010;110:1368–73.
Belachew J, Cnattingius S, Mulic-Lutvica A, Eurenius K, Axelsson O,
Wikstrom AK. Risk of retained placenta in women previously delivered by caesarean section: a population-based cohort study. BJOG.
2014;121:224–9.
Wehrum MJ, Buhimschi IA, Salafia C, Thung S, Bahtiyar MO,
Werner EF, et al. Accreta complicating complete placenta previa is
characterized by reduced systemic levels of vascular endothelial
growth factor and by epithelial-to-mesenchymal transition of the
invasive trophoblast. Am J Obstet Gynecol. 2011;204:411 e1–11.
Cali G, Giambanco L, Puccio G, Forlani F. Morbidly adherent placenta: evaluation of ultrasound diagnostic criteria and differentiation of placenta accreta from percreta. Ultrasound Obstet
Gynecol. 2013;41:406–12.
Wong HS, Cheung YK, Zuccollo J, Tait J, Pringle KC. Evaluation of
sonographic diagnostic criteria for placenta accreta. J Clin
Ultrasound. 2008;36:551–9.
€kning under graviditet [Routine
Rutinm€assig ultraljudsunderso
€r
ultrasound examination during pregnancy]. Statens beredning fo
utv€ardering av medicinsk metodik (SBU); 1998.
Lal AK, Nyholm J, Wax J, Rose CH, Watson WJ. Resolution of complete placenta previa: does prior cesarean delivery matter?
J Ultrasound Med. 2012;31:577–80.
To WW, Leung WC. Placenta previa and previous cesarean section.
Int J Gynaecol Obstet. 1995;51:25–31.
Jauniaux E, Jurkovic D. Placenta accreta: pathogenesis of a 20th
century iatrogenic uterine disease. Placenta. 2012;33:244–51.

UPSALA JOURNAL OF MEDICAL SCIENCES

18.

19.
20.

Naji O, Daemen A, Smith A, Abdallah Y, Bradburn E, Giggens R,
et al. Does the presence of a cesarean section scar influence the
site of placental implantation and subsequent migration in future
pregnancies: a prospective case-control study. Ultrasound Obstet
Gynecol. 2012;40:557–61.
Comstock CH, Bronsteen RA. The antenatal diagnosis of placenta
accreta. BJOG. 2014;121:171–81; discussion 181–2.
Tuuli MG, Houser M, Odibo L, Huster K, Macones GA, Odibo AO.
Validation of placental vascular sonobiopsy for obtaining representative placental vascular indices by three-dimensional power
Doppler ultrasonography. Placenta. 2010;31:192–6.

21.

22.

23.

189

Martins WP, Lima JC, Welsh AW, Araujo Junior E, Miyague AH,
Filho FM, et al. Three-dimensional Doppler evaluation of single
spherical samples from the placenta: intra- and interobserver reliability. Ultrasound Obstet Gynecol. 2012;40:200–6.
Lai PK, Wang YA, Welsh AW. Reproducibility of regional placental
vascularity/perfusion measurement using 3D power Doppler.
Ultrasound Obstet Gynecol. 2010;36:202–9.
Chantraine F, Braun T, Gonser M, Henrich W, Tutschek B. Prenatal
diagnosis of abnormally invasive placenta reduces maternal peripartum hemorrhage and morbidity. Acta Obstet Gynecol Scand.
2013;92:439–44.

