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Abstract

Background: The purpose of this study was to develop a model to predict cesarean hysterectomy accompanying cesarean section in
patients with placenta previa. Methods: We retrospectively reviewed 926 patients diagnosed with placenta previa who had cesarean
section from January 2011 toDecember 2021. We analyzed data by independent t-test and Pearson’s chi-squared test. Multivariate logistic
regression analysis was used to develop a predictive model and identify factors predictive for cesarean hysterectomy accompanying
cesarean section. Results: A total of 44 cesarean hysterectomies (4.8%) were performed in 926 patients with placenta previa. History of
cesarean section (1 (odds ratio (OR) 13.57, 95% confidence interval (CI) 4.29–42.96), ≥2 (OR 83.28, 95% CI 21.98–315.55)), anterior
placenta (OR 3.06, 95% CI 1.22–7.68), adherent placenta (OR 8.78, 95% CI 3.65–21.09), presence of lacuna (OR 3.74, 95% CI 1.55–
9.04), and old maternal age (≥40 years (OR 4.65, 95% CI 1.60–13.49)) were factors selected to develop a model to predict cesarean
hysterectomy. Based on this model, an equation was developed and tested for performance. This model using five factors yielded an
area under the curve of 0.951 (95% CI 0.921–0.981) to predict the probability of cesarean hysterectomy accompanying cesarean section.
Conclusions: Application of this predictive model may provide an effective prediction of cesarean hysterectomy in patients with placenta
previa. Adequate pre-operative preparation and intraoperative strategies can be indicated based on this model.
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1. Introduction

Cesarean hysterectomy is a surgical procedure per-
formed at the time of delivery or in the postpartum pe-
riod. The primary indication of cesarean hysterectomy is
fatal uterine hemorrhage that cannot be controlled by con-
servative measurement. It results in a loss of fertility and
is associated with increased maternal morbidity and mor-
tality. For those with placenta previa, the placenta attaches
over the cervical opening, and is associated with multiple
adverse outcomes including massive hemorrhage and ma-
ternal mortality [1–4]. Placenta previa often occurs in com-
bination with adherent placenta including placenta accreta,
increta, and percreta [5]. These conditions may cause fatal
peripartum hemorrhage, which is an indication for cesarean
hysterectomy. The risk of cesarean hysterectomy accom-
panying cesarean section in patients with placenta previa is
30 times higher than that in patients without placenta previa
[6]. A model to predict cesarean hysterectomy accompany-
ing cesarean section would allow preoperative preparations
including central venous catheter and sufficient blood prod-
ucts for massive transfusion. The predictive model would
also be of great help in determining intraoperative strate-
gies such as whether to attempt the removal of the placenta.
The present study focused on developing a model to pre-
dict cesarean hysterectomy accompanying cesarean section
in patients with placenta previa.

2. Materials and Methods
We retrospectively reviewed 926 patients with pla-

centa previa who underwent cesarean section from January
2011 to December 2021 at the Department of Obstetrics
and Gynecology of Chonnam National University Hospi-
tal. Clinical records, findings, obstetric ultrasound find-
ings, and blood bank data were reviewed. We diagnosed
placenta previa using preoperative transvaginal or trans-
abdominal ultrasonography. Patients with low-lying pla-
centa were excluded from the study. Low-lying placenta
was diagnosed by ultrasonography as the presence of lower
margin of the placenta within 2 cm of the internal cervi-
cal opening. Patients who had vaginal delivery and deliv-
ered before 24 weeks were also excluded. Patients who
underwent cesarean hysterectomy within 24 hours after ce-
sarean section were included. Cesarean hysterectomy was
performed when there was massive hemorrhage after ce-
sarean delivery. We defined massive hemorrhage as receiv-
ing more than four units of packed red blood cells (PRCs)
or blood loss exceeding 1500 mL [7]. Clinical factors in-
cluded maternal age, gestational age at delivery, number of
parity, previous abortion, previous cesarean section, mul-
tifetal gestation, presentation part when delivery, whether
the operation was emergent, whether the bleeding occurred
before operation, and whether artificial reproductive tech-
nologies had been performed. Maternal age was classified
into three groups (<35, 35–39, ≥40 years) to be included
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as a factor in the multivariate logistic regression. Preoper-
ative hemoglobin (Hb), estimated blood loss (EBL) during
operation, and number of transfused PRCs within 24 hours
after operation were measured. Hb was classified into two
groups (Preoperative Hb<11.0 (g/dL) or not) and included
as a factor in the multivariate logistic regression. Adherent
placenta, including placenta accreta, increta, and percreta
was diagnosed clinically during operation or pathologically
after operation. The presence of lacuna, a type of placenta
previa (complete, partial, or marginal), and the location
of the placenta (anterior, posterior, or lateral) were diag-
nosed by preoperative transvaginal or transabdominal ultra-
sonography. Presence of lacuna was diagnosed as presence
of an irregular lake-like area of low echogenicity within
the placenta parenchyma. We used an independent t-test
for continuous variables. The chi-squared test was used
for categorical values. Multivariate logistic regression was
used to assess the association between cesarean hysterec-
tomy and the included variables to develop a model to pre-
dict the cesarean hysterectomy accompanying cesarean sec-
tion. Based on these analyses, we developed an equation
to predict the probability of cesarean hysterectomy accom-
panying cesarean section. The performance of developed
model was tested by area under the receiver operating char-
acteristic curves (AUCs). We performed statistical analy-
ses using SPSS (version 29.0, IBM Corp., Armonk, NY,
USA). Then, 95% confidence intervals (CI) were calculated
and p-values < 0.05 indicated statistical significance. The
Hosmer-Lemeshow test was used to evaluate the goodness
of the developed model and p-values ≥ 0.05 indicated that
the developed model is statistically significant.

3. Results
Of 926 patients included in the data to develop the pre-

dictive model, 44 (4.8%) underwent cesarean hysterectomy
accompanying cesarean section and 882 (95.2%) under-
went cesarean section only. Characteristics of the included
patients with or without cesarean hysterectomy are shown
in Table 1. Maternal age, parity, previous cesarean deliv-
ery, type of placenta previa, presence of lacuna, location of
placenta, preoperative Hb, and adherent placenta showed
a statistically significant difference according to cesarean
hysterectomy (p < 0.001). Previous abortion and preoper-
ative bleeding were also significantly associated with ce-
sarean hysterectomy (p< 0.05). EBL and number of trans-
fused PRCs were higher in patients with cesarean hysterec-
tomy and were significantly different (p < 0.001) but were
excluded as factors for the predictive model because they
were calculated after the operation.

Based on this analysis, we developed a model to pre-
dict cesarean hysterectomy accompanying cesarean sec-
tion. Factors that showed statistically significant differ-
ences were included in the model. Results of logistic re-
gression analysis are shown in Table 2. First, we devel-
oped model 1 using all statistically significant factors (p <

Table 1. Characteristics of patients with or without cesarean
hysterectomy.

Characteristics (n = 926)
Cesarean hysterectomy

p-value
Yes (n = 44) No (n = 882)

Maternal age (years) 36.98 (± 4.17) 34.45 (± 4.41) <0.001
<35 (%) 11 (25.0) 461 (52.3) <0.001
35–39 (%) 17 (38.6) 307 (34.8) <0.001
≥40 (%) 16 (36.4) 114 (12.9) <0.001
Gestational age (week) 35.68 (± 1.68) 36.06 (± 2.09) 0.120
Parity (%)
0 2 (4.5) 420 (47.6) <0.001
1 18 (1.0) 360 (40.8) <0.001
≥2 24 (54.5) 102 (11.6) <0.001
Previous abortion (%)
0 18 (40.9) 518 (58.7) 0.004
1 8 (18.2) 186 (21.1) 0.004
≥2 18 (40.9) 478 (20.2) 0.004
Previous cesarean (%)
0 4 (9.1) 704 (79.8) <0.001
1 21 (47.7) 159 (18.0) <0.001
≥2 19 (43.2) 19 (2.2) <0.001
Multifetal gestation (%) 2 (4.5) 43 (4.9) 0.921
Presentation part (%)
Vertex 35 (79.5) 781 (88.5) 0.072
Others 9 (20.5) 101 (11.5) 0.072
Emergency operation (%) 19 (43.2) 259 (29.4) 0.051
Preoperative bleeding (%) 25 (56.8) 366 (41.5) 0.045
ART (%) 5 (11.4) 132 (14.9) 0.894
Type of PP (%)
Complete 43 (97.7) 628 (71.2) <0.001
Partial or Marginal 1 (2.3) 254 (28.8) <0.001
Presence of lacuna (%) 23 (52.3) 96 (10.9) <0.001
Location of placenta (%)
Anterior 35 (79.5) 312 (35.4) <0.001
Posterior or Lateral 9 (20.5) 570 (64.6) <0.001
Preoperative Hb (g/dL) 10.77 (± 1.64) 11.58 (± 1.30) <0.001
<11.0 (g/dL) (%) 20 (45.5) 619 (70.2) <0.001
≥11.0 (g/dL) (%) 24 (54.5) 263 (29.8) <0.001
Estimated blood loss (mL) 8107 (± 7434) 1106 (± 693) <0.001
Transfused PRCs (units) 20.70 (± 16.17) 2.42 (± 2.68) <0.001
Adherent placenta (%)
Accreta or increta 17 (38.6) 46 (5.2) <0.001
Percreta 8 (18.2) 0 <0.001
The characteristics are presented as the number (%) or mean (± stan-
dard deviation).
Abbreviations: ART, assisted reproductive technology; PP, placenta
previa; Hb, hemoglobin; PRCs, packed red blood cells.

0.05) in Table 1. Significant factors in model 1 were mater-
nal age (<35 years (reference (Ref)),≥40 (odds ratio (OR)
4.03, 95% CI 1.31–12.40)), previous cesarean delivery (0
(Ref), 1 (OR 9.01, 95% CI 1.91–42.53), ≥2 (OR 37.68,
95% CI 5.54–256.50)), presence of lacuna (OR 3.24, 95%
CI 1.31–8.00), anterior location of placenta (OR 2.80, 95%
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Table 2. Results of multivariate logistic regression analyses identifying the association between cesarean hysterectomy and
clinical characteristics.
Model 1 Model 2

OR (95% CI) p-value OR (95% CI) p-value
Age (years)

<35 Ref - Ref -
35–39 1.31 (0.46–3.77) 0.616 - -
≥40 4.03 (1.31–12.40) 0.015 4.65 (1.60–13.49) <0.005

Parity
0 Ref - - -
1 1.43 (0.18–11.62) 0.741 - -
≥2 2.20 (0.23–21.27) 0.494 - -

Previous abortion
0 Ref - - -
1 1.17 (0.35–3.89) 0.796 - -
≥2 1.48 (0.55–3.97) 0.436 - -

Previous cesarean
0 Ref - Ref -
1 9.01 (1.91–42.53) 0.006 13.57 (4.29–42.96) <0.001
≥2 37.68 (5.54–256.50) <0.001 83.28 (21.98–315.55) <0.001

Preoperative bleeding 1.19 (0.48–2.95) 0.700 - -
Complete PP 3.71 (0.46–29.93) 0.219 - -
Lacuna 3.24 (1.31–8.00) 0.011 3.74 (1.55–9.04) 0.003
Anterior placenta 2.80 (1.07–7.37) 0.037 3.06 (1.22–7.68) 0.017
Preop Hb <11.0 (g/dL) 1.60 (0.67–3.84) 0.291 - -
Adherent placenta 7.97 (3.17–20.08) <0.001 8.78 (3.65–21.09) <0.001
Abbreviations: OR, odds ratio; CI, confidence interval; Ref, reference group; PP, placenta previa; Hb,
hemoglobin.

CI 1.07–7.37), and adherent placenta (OR 7.97, 95% CI
3.17–20.08). Then, model 2 was developed using only five
factors: maternal age (<35 years (Ref),≥40 (OR 4.65, 95%
CI 1.60–13.49)), previous cesarean delivery (0 (Ref), 1 (OR
13.57, 95% CI 4.29–42.96),≥2 (OR 83.28, 95% CI 21.98–
315.55)), presence of lacuna (OR 3.74, 95% CI 1.55–9.04),
anterior location of placenta (OR 3.06, 95% CI 1.22–7.68),
and adherent placenta (OR 8.78, 95% CI 3.65–21.09). All
factors in model 2 were statistically significant (p < 0.05).
The p-values of the Hosmer-Lemeshow test were≥0.05 for
the two models, indicating they were suitable.

The predictive accuracy, as measured using AUCs, of
model 1 was 0.953 (95% CI 0.924–0.983), whereas that of
model 2 was 0.951 (95% CI 0.921–0.981). Both model 1
and 2 showed good discriminatory performance (Table 3,
Fig. 1). Therefore, model 2 was selected as a predictive
model of cesarean hysterectomy accompanying cesarean
section considering the number of factors. Based on the
information of model 2 (Table 4), an equation to predict the
probability of cesarean hysterectomy was developed.

The probability for cesarean hysterectomy accompa-
nying cesarean section in patients with placenta previa was:
ex/1+ex (x = –6.856 (constant) + 2.608 (previous cesarean
= 1) + 4.422 (previous cesarean≥2) + 2.172 (adherent pla-
centa) + 1.119 (anterior placenta) + 1.320 (presence of la-
cuna) + 1.536 (maternal age ≥40)).

Table 3. Comparison of the performance of the developed
predictive models.

Model Number of factors AUC SE 95% CI

Model 1 10 0.953 0.015 0.924–0.983
Model 2 5 0.951 0.015 0.921–0.981
Abbreviations: AUC, area under the receiver operating char-
acteristic curve; SE, standard error; CI, confidence interval.

Table 4. Coefficient of the final predictive model.
Coefficient

Age (years) -
≥40 1.536

Previous cesarean -
1 2.608
≥2 4.422

Lacuna 1.320
Anterior placenta 1.119
Adherent placenta 2.172

4. Discussion
We developed a model to predict cesarean hysterec-

tomy accompanying cesarean section in patients with pla-
centa previa. Placenta previa is associated with various ma-
ternal complications, including antepartum bleeding, intra-
partum, postpartum hemorrhages, blood transfusion, sep-
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Fig. 1. Comparison of the receiver operating characteristic
(ROC) curves in the developed prediction models.

ticemia, thrombophlebitis, and cesarean hysterectomy [8].
In the final predictive model we developed, maternal age
≥40 years, previous cesarean delivery, presence of lacuna,
anterior placenta, and adherent placenta were significantly
associated with cesarean hysterectomy.

Adherent placenta, also known as placenta accreta,
is rare (about 1/2500) but known to increase the risk of
obstetric hemorrhage, antepartum and postpartum hemor-
rhage, uterine perforation, and it can be an indication for
cesarean hysterectomy accompanying cesarean section [9].
The mortality of placenta percreta, the most severe form
of adherent placenta, is as high as 7% [10]. Although a
definite diagnosis of adherent placenta is made clinically
during operation or pathologically after operation, adher-
ent placenta is included in this predictive model because
of its high mortality and morbidity rates [11]. Therefore,
diagnosing adherent placenta before operation is crucial,
but not easy to diagnose. A number of studies have in-
vestigated the diagnosis of adherent placenta using ultra-
sonography. Presence of several vascular lacunae within
the placenta, absence of the hypoechoic zone between the
placenta and the myometrium, thin thickness of retropla-
cental myometrium (<1 mm), abnormalities of the uterine
serosa-bladder interface, and the extension of the placenta
into the myometrium, serosa, or bladder are associated with
adherent placenta [12,13]. Adherent placenta is diagnosed
before operation as the presence of more than two ultra-
sonographic findings among the five findings in our center.
Despite the limitation of diagnosis using ultrasonography,
findings suggestive of adherent placenta should be regarded
as the presence of adherent placenta because of its highmor-
tality and morbidity rates. In our final predictive model, ad-
herent placenta significantly increased the risk of cesarean
hysterectomy (OR 8.78, 95% CI 3.65–21.09).

The anterior placenta and presence of the main por-
tion of the placenta extending to at least the lower anterior

segment increase the risk ofmassive hemorrhage during op-
eration [14]. In our predictive model, anterior placenta in-
creased the risk of cesarean hysterectomy (OR 3.06, 95%CI
1.22–7.68) compared to other placenta locations. The pres-
ence of lacuna within the placenta parenchyma, has a role in
the prediction of clinical outcomes. Sonographic findings
of intra-placenta lacuna in patients with placenta previa in-
creased the number of massive transfusions and cesarean
hysterectomies required [15]. In our developed model, the
presence of lacuna significantly increased the risk of ce-
sarean hysterectomy (OR 3.74, 95% CI 1.55–9.04). Pre-
vious cesarean delivery was the most common risk factor
that increased the risk of obstetric hemorrhage and cesarean
hysterectomy. Previous cesarean delivery was also associ-
ated with adherent placenta and placenta previa [16,17]. In
patients with placenta previa and one or more previous ce-
sarean deliveries, the risk of adherent placenta was dramat-
ically increased [18]. In our predictive model, previous ce-
sarean delivery increased the risk of cesarean hysterectomy
dramatically, especially in those with previous cesarean≥2
(OR 83.28, 95% CI 21.98–315.55). Old maternal age is
well known to be associated with cesarean hysterectomy
[2]. In our predictive model, maternal age ≥40 years in-
creased the risk of cesarean hysterectomy (OR 4.65, 95%
CI 1.60–13.49).

The predictive model developed using these five fac-
tors showed good performance (AUC0.951, 95%CI 0.921–
0.981) but it has several limitations. First, this model did
not consider the severity of adherent placenta. Adherent
placenta, also known as placenta accreta spectrum is classi-
fied into three grades (grade 1: placenta adherenta or creta,
grade 2: placenta increta, grade 3: placenta percreta) [19].
Because of the small number of cases of placenta percreta
in our study (n = 8), this classification of grades was not
used as a factor in the model. The deeper and larger the ad-
herent placenta inside the myometrium of the uterus, the
higher the risk of severe hemorrhagic complications and
cesarean hysterectomy. Therefore, the grade of adherent
placenta should be considered when using this predictive
model. Many studies have reported very high sensitivity
and specificity rates for obstetric ultrasonography for the
diagnosis of adherent placenta. But none of these features
(or combinations of features) associated with adherent pla-
centa reliably predict the depth of invasion or type of pla-
centa accreta [20]. Magnetic resonance imaging (MRI) is
another tool used for the antenatal diagnosis of adherent pla-
centa but it is unclear whether MRI improves the diagnosis
of adherent placenta beyond that achieved with ultrasonog-
raphy [21]. Several studies revealed that MRI may be use-
ful to assess the depth of invasion in suspected increta and
percreta [21–23]. Although a definite diagnosis and grade
of adherent placenta are made during or after operation, the
severity of adherent placenta using these tools and clinical
factors should be considered before operation. Second, the
predictive model we developed was based on a retrospec-
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tive study, so the real performance of the model should be
confirmed in a prospective study.

Despite these limitations, the predictive model of ce-
sarean hysterectomy accompanying cesarean section in pa-
tients with placenta previa we developed would be great
practical help in determining the preoperative preparations
and intraoperative strategies. If a high probability of ce-
sarean hysterectomy is expected, the insertion of a central
venous catheter, consultation with anesthesiologists, and
preparation of sufficient blood products should be done be-
fore operation [24,25]. Prophylactic internal iliac balloons
can be placed by an interventional radiologist and inflated
intraoperatively if needed. As hybrid operative rooms are
introduced, intraoperative multivessel embolization can be
done after the cesarean delivery. In these cases, consulta-
tion with an interventional radiologist is necessary before
operation [26]. Adequate determination of intraoperative
strategies should also be done. If the probability of cesarean
hysterectomy is high or severe adherent placenta (placenta
increta, placenta percreta, or both) is predicted, cesarean
hysterectomy should be done with the placenta left in situ
after delivery of the fetus. Attempts at placental removal
are associated with fatal hemorrhage and are strongly dis-
couraged [27,28]. However, if the probability of cesarean
hysterectomy is low and there are no signs of severe adher-
ent placenta, uterine preservation can be done. Intraoper-
ative observation for spontaneous placental separation fol-
lowed by removal of the placenta by manual extraction or
surgical excision can be done as long as preparations for ce-
sarean hysterectomy are in place [29,30]. A study reported
that Bakri balloon insertion after placental removal was suc-
cessful at preventing hysterectomy [31].

5. Conclusions
In conclusion, the predictive model and equation we

developedmay help clinical doctors to predict the risk of ce-
sarean hysterectomy accompanying cesarean section in pa-
tients with placenta previa, so that more precise counseling
with patients can be made. Adequate preoperative prepa-
ration and intraoperative strategies can also be made to im-
prove clinical outcomes based on this predictive model.
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