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Abstract

Objectives To evaluate the severe outcomes in pregnancies with pernicious placenta previa and prior cesarean delivery, and
to analyze the predictive examinations and prevention strategies regarding severe complications in these women. Design
Multicentre retrospective cohort study. Setting Thirteen hospitals in China. Population Selected 747 women with pernicious
placenta previa and prior cesarean history. Methods The basic data relating to pregnancy, the examinations during gestation and
the outcomes were collected and analyzed. Main outcome measures Outcomes including massive bleeding, placenta implantation
and hysterectomy were monitored. Results Our results showed that placental implantation occurred in 47.5% of patients and
the hysterectomy rate was 10.4%. The incidence of massive bleeding and blood transfusion was 55.8% and 64%, respectively.
The women with placenta implantation predicted by both ultrasound and MRI had higher blood loss than those diagnosed
only by either one of the examinations. Surprisingly, vascular occlusion had no effect on the occurrence of severe hemorrhage
and hysterectomy. The latter was even higher in the vascular blocking group compared to that in the non-blocking group
(34.2% and 8.6%, respectively). Conclusions: The pregnancies with pernicious placenta previa and prior cesarean delivery, had
a dramatically higher risk of placenta implantation, hysterectomy and massive hemorrhage. MRI combined with ultrasound
examination presented high accuracy in predicting severe outcomes in these patients. Vascular occlusion does not appear to
be an effective approach to prevent severe outcomes. Surgical hemostasis should be the key goal in blocking massive bleeding,

preserving the uterus and improving the prognosis of the patients.
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ABSTRACT

Objectives

To evaluate the severe outcomes in pregnancies with pernicious placenta previa and prior cesarean delivery,
and to analyze the predictive examinations and prevention strategies regarding severe complications in these
women.

Design

Multicentre retrospective cohort study.
Setting

Thirteen hospitals in China.
Population

Selected 747 women with pernicious placenta previa and prior cesarean history.



Methods

The basic data relating to pregnancy, the examinations during gestation and the outcomes were collected
and analyzed.

Main outcome measures
Outcomes including massive bleeding, placenta implantation and hysterectomy were monitored.
Results

Our results showed that placental implantation occurred in 47.5% of patients and the hysterectomy rate
was 10.4%. The incidence of massive bleeding and blood transfusion was 55.8% and 64%, respectively. The
women with placenta implantation predicted by both ultrasound and MRI had higher blood loss than those
diagnosed only by either one of the examinations. Surprisingly, vascular occlusion had no effect on the
occurrence of severe hemorrhage and hysterectomy. The latter was even higher in the vascular blocking
group compared to that in the non-blocking group (34.2% and 8.6%, respectively).

Conclusions: The pregnancies with pernicious placenta previa and prior cesarean delivery, had a dramat-
ically higher risk of placenta implantation, hysterectomy and massive hemorrhage. MRI combined with
ultrasound examination presented high accuracy in predicting severe outcomes in these patients. Vascu-
lar occlusion does not appear to be an effective approach to prevent severe outcomes. Surgical hemostasis
should be the key goal in blocking massive bleeding, preserving the uterus and improving the prognosis of
the patients.

Funding statement: This study was supported by the Innovative Team Program of Shaanxi Province
(project N°: 2019TD-031).

Key words : cesarean section; pernicious placenta previa; massive bleeding; placental implantation; hyste-
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TWEETABLE ABSTRACT

Severe bleeding and placental implantation are main outcomes in pregnancies with pernicious placenta previa
and prior cesarean, and vascular occlusion does not block massive bleeding.

INTRODUCTION

Placenta previa often occurs in pregnant women who have had increased age, multiple gestations, high parity,
and smoke or use illegal drugs (1). Cesarean delivery induced scar formation in uterine and endometrial
injuries also facilitates the development of placenta previa in the subsequent pregnancies of women (2,3).
It is estimated that placenta previa occurs in 0.28-0.55% of pregnant women in the USA (4). The overall
incidence of placenta previa in China has recently been reported to represent 1.24% of deliveries (5). Placenta
previa can cause severe maternal and neonatal complications including the limitation of fetal growth, preterm
birth, hemorrhage whatever the degree of overlying placenta and gestation stage, hysterectomy and even the
mortality of the fetus and mother (6,7).

To avoid these consequences, cesarean section has been widely applied in pregnancies with placenta previa.
However, despite its important role in managing dystocia, pregnancy complications, and reducing maternal
and child mortality and morbidity, cesarean delivery rates have increased around the world (8,9). For
example, in China, it increased from about 5% in the 1960s to 20% in the late 1980s and early 1990s (10).
In particular, cesarean sections made of 40-60% of deliveries in most hospitals in China during the last
20 years (11,12). On the other hand, cesarean history increases the risk of placenta previa by 60% in the
subsequent pregnancy of women (13). A pregnant woman who has both a complete placenta previa and
cesarean history is more likely to have high risk of placenta implantation, severe bleeding during gestation
and delivery, and massive postpartum hemorrhage (14,15). More seriously, in the case where the placenta
grows on the scar of a previous cesarean section, referred to as pernicious placenta previa, increases the risk
of placenta implantation by up to 50% (16). Both pernicious placenta previa and placenta implantation are



very critical and urgent situations in obstetrics, in which fatal bleeding occurs very often during delivery,
and the maternal mortality rate is as high as 7% (17). However, no collective data have been reported up
to now to demonstrate the severe outcomes and associated risk factors in patients with pernicious placenta
previa. To prevent severe bleeding during delivery and severe postpartum hemorrhage in these patients,
vascular occlusion has been widely used in clinical practice, with methods such as bilateral uterine artery
embolization (UAE), internal iliac artery embolization (ITAE) and intra-aortic balloon occlusion (18,19),
although their anti-bleeding effect and influence on the prognosis of pregnancies remain unclear.

We performed a retrospective study in which data on 747 patients who had pernicious placenta previa in
their pregnancy following their first cesarean delivery, were collected from 13 first-class hospitals located
in different regions of China. The severe consequences and associated risk factors of these patients were
analyzed. In particular, we evaluated the approaches taken to predict severe outcomes and the influence of
vascular occlusion in preventing severe postpartum hemorrhage and hysterectomy.

OBJECTS AND METHODS
Patients

This nationwide retrospective study was performed with 747 patients recruited from 13 first-class hospitals
located in the different regions of mainland China. The criteria used for patient selection was: previous
history of cesarean section; cesarean delivery for this time; edged, partial or complete placenta previa;
placenta previa growing on the uterine scar of previous cesarean surgery. The women who had lower placenta
or edged placenta previa in the posterior or lateral wall, were excluded. A hundred and six of these patients,
who received uterine artery embolization or abdominal aortic balloon occlusion, were assigned to the blocking
group. The other 641 women were considered as the non-blocking group.

Diagnosis of placenta previa and placenta implantation

In the present study, placenta previa was diagnosed by ultrasound and/or magnetic resonance (MRI) ex-
amination during the regular follow-up no matter whether the placenta reached, or partially or completely
covered the opening of the endo-cervix. The final diagnosis of placenta previa was confirmed during the
cesarean surgery.

The placenta implantation was predicted by ultrasound and/or MRI, or determined directly if it was difficult
to remove during the operation, together with subsequent pathological examination.

Data collection

The basic information on the pregnant women was collected, including age, the times of pregnant, delivery
times ([?] 28 weeks of delivery), the numbers of former caesarean, the inter-birth interval between the
previous and the current caesarean section, the duration of gestation, the thickness of the uterine scar, the
type of placenta previa under ultrasound (marginal, partial or complete at the front wall of the uterus) and
the condition of placenta attachment (adhesion, implantation or penetration).

The data for perinatal outcomes of mother and newborn were also collected, including the termination time
of the pregnancy, whether arterial blocking was applied and the related method, postpartum hemorrhage, the
volume of bleeding during the delivery, blood transfusion, hysterectomy, uterine rupture, the intraoperative
situation of the placenta, infection, admission to an intensive care unit, intraoperative hemostatic operations
and the medicine used, the fetal biparietal diameter before delivery, and Apgar score at 1min and 5min after
birth of newborns.

Statistical analysis

The software SPSS 24.0 was used for the data analysis. The median (range/lower quartile and upper quartile,
M-Range/QL & QU) was used to describe its concentration and tendency of dispersion, since not all the
quantitative data were shown as the normal distribution.



The Kruskal-Wallis H test was used for the comparison between multiple independent groups. The enumer-
ation data were represented as rate or composition ratio and the chi-square test was applied for comparisons
between groups. The binary non-conditional logistic regression with single factor and multi-factor analyses
were conducted to check the influencing factors of related variables. The predominant factors from the
single factor analysis were considered for the further multi-factor regression analysis. The forward stepwise
regression method was also adopted in the present study and p values lower than 0.05 and 0.10 were used
as criteria. The two-tailed test was applied in all the analyses and p<0.05 was considered significant. The
p value for the comparison of two groups was modified to 0.017.

RESULTS
The severe outcomes of pregnancies with pernicious placenta previa after the first cesarean delivery

In this study, the clinical consequences such as hysterectomy, severe bleeding during delivery and massive
postpartum hemorrhage ([?]1000ml), and placental implantation, were defined as severe outcomes. Our
result showed that the gestation of pregnancies was 30-39"5weeks. As shown in Fig. 1, the hysterectomy
was conducted in 78 cases with hysterectomy rate of 10.4%. The uterine rupture rate was 0.8%. The placenta
implantation was confirmed from 355 women during operation with incidence rate of 47.5%. Meanwhile,
55.8% of pregnancies had massive hemorrhage. The blood transfusion was given to 64% of pregnancies. No
maternal or fetal mortality was reported.

Analysis of the risk factors associated with the severe complications in these patients

We next analyzed the risk factors associated with these severe outcomes using binary non-conditional logistic
regression analysis with single factor. Eight factors potentially associated with the consequence of hysterec-
tomy (p<0.05), including placenta implantation detected by ultrasound and/or MRI, placenta previa type,
application of vascular occlusion and type of vascular blocking, postpartum hemorrhage ([?]1000ml), bleeding
volume during the delivery, and confirmed placenta implantation by the surgery. These factors were further
analyzed by the non-conditional binary logistic regression with multi-factors. As shown in Table S1, 5.319
times higher potential of hysterectomy was found in the patients with uterine artery embolization than those
with abdominal aortic balloon occlusion. This probability was almost doubled (1.002 times) with every 1ml
increase of bleeding during the delivery, relevant to that before bleeding. It suggested that the mode of
vascular embolization and the volume of hemorrhage during delivery were the main risk factors associated
with hysterectomy.

Similarly, 7 factors were identified by single factor analysis, which were associated with severe bleeding
during the delivery, as shown in Table 1. Evaluation of these risks by multifactor regression analysis showed
that the pregnancies with [?]2 cesarean deliveries had higher possibility (3.562 times) of severe bleeding than
those with only once. Compared to women without placenta implantation, patients diagnosed or suspected
placenta implantation by ultrasound had higher potential (1.631 times, 95% CI:1.000-2.658 or 1.794 times,
95% CI1:1.110-2.899) of severe bleeding. Particularly, this probability increased 6.839 and 1.964 times in the
pregnancy with confirmed or suspected placenta implantation by surgery than those without implantation
(95% CI1:4.508-10.377 or 1.259-3.064), respectively. Complete placenta previa also resulted in 1.814 times
severe bleeding in patients than marginal one (95% CI:1.219-2.698). These results suggested that cesarean
numbers, ultrasound-detected or surgery-confirmed placenta implantation, and type of placenta previa were
associated tightly with massive bleeding during the delivery.

Our analysis also demonstrated that under ultrasound every 0.lcm increase of the thickness of uterine
scar, promoted the likelihood of placenta implantation to 1.559 times (95% CI:1.205-2.017). Suspected
placenta implantation under ultrasound than normal placenta had 7.79 times high likelihood of implantation
confirmed later by surgery (95% CI:1.526-39.765). The subjects without MRI examination also had 3.565
times higher probability of placenta implantation than those with non-implantation diagnosed by MRI (95%
CI:1.622-7.837). A higher potential of placenta implantation (3.704 times) was also observed in the women
with complete placenta previa than marginal one (95% CI:1.699-8.076). These evidences indicated that
ultrasound-detected thickness of uterus scar, ultrasound and/or MRI-detected or suspected implantation of



placenta, and complete placenta previa, were closely associated with placenta implantation.

Role of ultrasound and MRI examination in predicting placental abnormality and severe outcomes of preg-
nancies

All 747 pregnancies took ultrasound examination by which abnormal placental adhesion were detected from
271 of them, while placenta implantation was confirmed from 514 pregnancies by surgery, including 244 cases
who had ultrasound-diagnosed abnormal placenta (Table 2). It suggested that the predictive sensitivity and
specificity by ultrasound was 47.5% and 88.4%, respectively. In addition, misdiagnosis was 11.6% (27/233
cases) and missed diagnosis was 52.5% (270/514 cases).

Placenta implantation was predicted in 143 subjects taken MRI, and 141 of whom were confirmed later
by surgery, showing 79.2% of sensitivity and 97.8% of specificity for MRI-predicted placental implantation
(Table 2). The rate of misdiagnosis and missed diagnosis was 2.2% (2/90 cases) and 20.8% (37/178 cases),
respectively (Table 2). Intriguingly, 56 patients had both predicted- (during gestation by both ultrasound
and MRI) and confirmed- (intra-operation) placenta implantation, indicating 100% of specificity. But, 122
surgery-confirmed placenta implantations were not detected by both examinations with 68.5% of missed
diagnosis. In addition, 154 placenta implantations detected only by either of examinations were confirmed
later by surgery with a higher sensitivity (86.5%). All these results revealed the essential role of ultrasound
and MRI in detecting placental abnormality during the gestation.

We also analyzed the relationship between ultrasound- and/or MRI-predicted placenta implantation and
other adverse outcomes in patients. As shown in Table 3, bleeding volume during delivery, volume of blood
transfusion and hysterectomy were tightly associated with placenta implantation no matter whether implan-
tation was predicted by ultrasound and/or MRI. The comparison between any two conditions («’=0.017)
demonstrated that the amount of hemorrhage and blood transfusion in the implantation-predicted groups
were bigger than that in the non-implanted group. The patients with placenta implantation detected by both
ultrasound and MRI, also had significant increase of hemorrhage volume, blood transfusion and hysterectomy
than those by either of examinations.

Role of vascular occlusion in the consequence of women with pernicious placenta previa and prior cesarean
section

Vascular occlusion has been applied to reduce bleeding during the delivery (20-23) , which was verified in this
study. Vascular occlusion was applied to 106 pregnancies by either uterine artery embolization or abdominal
aorta balloon occlusion (blocking group). The other 641 cases were assigned as unblocked group. The basic
information of patients in two groups was described in Table S2 and no significant difference was observed
between two groups. However, more suspected placenta implantation was observed by ultrasound in the
blocking group (26.4%) than that in the non-blocking group (15.9%). The bleeding volume during the delivery
(600 2500 ws . 500 2000 ml, p=0.093) and the incidence of postpartum hemorrhage (63/106 vs 354/641
cases, p=0.419) were similar between blocking and non-blocking group. Surprisingly, the hysterectomy rate
in blocking group (25.4%, 27/106 cases) was much higher than that in non-blocking patients (7.9%, 51/641
cases) (p<0.001). The effect of vascular occlusion on the fetal outcomes was also checked in this study.
No differences were detected between blocking and non-blocking group, including the gestation terms of
pregnancies and the Apgar score after birth (1 & 5 minutes) (Table S3).

COMMENT
Main findings

The women who had pernicious placenta previa in the subsequent pregnancy after first cesarean delivery, had
a higher frequency of severe outcomes including placental implantation (47.5%), massive bleeding (55.8%)
and hysterectomy (10.4%). The examination of ultrasound combined with MRI improved the prediction of
placenta implantation in these patients. Finally, we showed that vascular occlusion had no effect on the
occurrence of severe hemorrhage and hysterectomy.



Strengths and limitations

Among the similar retrospective studies, to our knowledge, this study is the largest cohort with 747 women
who gives subsequent cesarean birth with placenta previa after the first cesarean delivery, since this kind
of medical situation is rare in clinic, but, with life-threatening consequences. These patients were from 13
hospitals located in the different regions of China. Although these hospitals belong to the first-class hospitals
in China and represent the top level of local medical care, the regional differences on medical care are existed
among these hospitals, which may cause the variation of the outcome occurrence and treatment, and can be
considered as flaw for the present study. However, the obtained conclusions are still national representative.
Another key finding in our study is that the examination of ultrasound combined with MRI largely improves
the prediction of potential outcome in the patients, which can used to follow up patients in order to prevent
and treat the potential severe complications. Finally, we also demonstrate that vascular occlusion does not
affect massive bleeding in patients, which is disagree with the current opinion. But, we have to point out
that vascular occlusion in the current study is performed only in 106 patients, among whom the different
strategies for vascular blocking is applied, which is another limitation for this study and more cases and
prospective study are needed to confirm our conclusion.

Interpretation

Previous cesarean history and current pregnancy with placenta previa can lead to placenta growth on the scar
tissue of cesarean surgery, which is often accompanied with placenta implantation, resulting in unpredictable
and uncontrollable severe outcomes (24). Unfortunately, it is quite difficult to precisely diagnose placental
growth on the scar tissue of the uterus and placenta implantation. Meanwhile, this kind of pregnancies,
in particular, with pernicious placenta previa in the subsequent pregnancy as in our study, are clinically
rare and always had severe outcomes including massive bleeding, hysterectomy and even maternal and fetal
mortality. However, up to now no national or international guideline has been published for the diagnosis
and treatment of this critical situation in pregnant women, although a few reports have been published with
very limited case numbers (25,26).

Among the 747 pregnancies in this study, 55.8% and 47.5% of them had massive bleeding and placenta
implantation, respectively. Uterine rupture occurred in 0.8% of those pregnancies and 10.4% required hys-
terectomy. On the contrary, hysterectomy (22.4%) was reported as the most common severe complication in
the pregnancies with placenta previa and prior cesarean delivery (27). The present study also found that MRI
examination has higher sensitivity and specificity in determining placenta implantation than ultrasound. In
line with our observation, MRI has been proposed for placenta implantation diagnosis due to its character-
istics of wide field of vision, high resolution and contrast for the soft tissue (28,29). Importantly, placenta
implantation predicted by both ultrasound and MRI, was confirmed later by the surgery. These pregnancies
(56 cases) with ‘double-prediction’ of placenta implantation, also had a higher amount of bleeding during
surgery and hysterectomy potential than women with MRI- or ultrasound-predicted placenta implantation
alone. Therefore, MRI combined with ultrasound examination enabled not only to better determination of
placenta implantation, but also the prediction of the outcomes of pregnancy.

The application of vascular intervention in obstetrics significantly decreased hysterectomy rate, blood loss
and transfusion, and admission to intensive care unit (30-36) , particularly, in the pregnancies with placenta
previa and prior cesarean delivery (37,38). Surprisingly, our results showed that the estimated blood loss
during delivery had no difference between blocking and non-blocking group, and that the blocking group
even had a higher hysterectomy rate than the non-blocking group. To support our observation, abdominal
aortic balloon was reported to block artery circulation and reduce bleeding temporarily, and re-bleeding
occurred once balloon was removed (39). Another study also showed that abdominal aortic balloon could
not effectively reduce the blood loss in the patients with placenta implantation compared to the non-blocking
group (40). The potential reason for this opposite conclusion between ours and others is that all other studies
have a small number of patients, while 747 pregnancies from 13 first-class hospitals located in the different
regions of China were included in this study. Combined these evidences, the published data and related
complications (29,41,42) , we conclude that the effect of vascular blocking approach in blocking massive



bleeding during the delivery indeed needs to be deliberated.
Conclusions

Our study elucidated that massive bleeding and placenta implantation were the main severe adverse compli-
cations in pregnancies with pernicious placenta previa and prior cesarean history. The examination of MRI
together with ultrasound during the routine follow-up obviously improved the diagnosis of placenta implan-
tation in these patients. However, vascular occlusion is probably not an effective approach for preventing
severe outcomes in these pregnancies. We suggest that surgical hemostasis is the key issue in blocking severe
bleeding, preserving the uterus and improving the prognosis of patients. These characteristics should be
considered by physicians for this kind of patient in the future.
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FIGURE LEGEND

Fig. 1 The severe outcomes and their occurrence rate in pregnant women with pernicious placenta previa
and prior cesarean delivery. Seven hundred and forty-seven pregnant women who had subsequent cesarean
delivery due to pernicious placenta previa and prior cesarean history, were selected from 13 hospitals in
China. The severe consequences occurred in these patients and their occurrence rates were evaluated.

Table 1 Single factor logistic regression analysis on the potential risk of severe bleeding ([?]1000ml)

factors PR(%) aldy*> P OR 95% CI
lower range

delivery times 17.104  <0.001 2.046  1.457

cesarean section times 30.252 <0.001

0-1 87.3 1.000

2 12.7 4.985  2.812

Interval between previous cesarean section and current deliver (years) 5.351 0.021 0.951 0.911

placental implantation under ulreasound 55.655 <0.001

no 63.7 1.000

yes 18.9 3.788  2.474

suspecious 17.4 3.143 2.056

placental implantation under MRI 57.059  <0.001

no 16.7 1.000

yes 5.6 11.892 4.846

suspecious 13.5 7.230  3.996

do not perform MRI 64.1 3.047  1.993

placental implantation during operation 142.683 <0.001

no 1.000

yes 9.858  6.713

suspecious 2.241 1.466

Type of placenta previa 26.573 <0.001

marginal 25.7 1.000

partial 5.1 1.044 .516

11



factors PR(%) aldy*> P OR 95% CI
complete 69.1 2.327 1.657

Table 2. Consensus analysis of placental abnormality predicted by ultrasound and/or MRI, and intraopera-
tive implantation

examination Abnormal placenta prediction Placenta implantation by surgery Placenta implantation by surge
Only untrasound Yes (514) No (233)
Yes (271) 244 27
No (476) 270 206
Only MRI Yes (178) No (90)
Yes (143) 141 2
No (37) 37 88
Untrasound and MRI U and M* Yes (178) No (90)
Yes (56) 56 0
No (212) 122 90
Untrasound and MRI U or M* Yes (178) No (90)
Yes (160) 154 6
No (108) 24 84

*U: ultrasound examination; M: MRI examination

Table 3. Relationship between ultrasound- and /or MRI-predicted placenta implantation and adverse outcome
of patients [M (QLQu)]

items prediction by ultrasound and MRI  prediction only by ultrasound prediction only by MRI
Bleeding (ml) 2000(1200-3275)* 1500(800-2600)® 1300(800-2575)°

Blood transfusion (ml) 1850(1200-3350)* 1150(353-2200)° 1300(258-2140)P
with/without hysterectomy 17/39 30/187 4/86

Note: a indicates the maximum rank; b indicates the second rank; c indicates the third rank; d indicates the
minimum rank time.
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