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Objective: Developing and validating nomogram to predict severe postpartum

hemorrhage (SPPH) in women with placenta previa (PP) undergoing cesarean delivery.

Methods: We conducted amulticenter retrospective case-control study in five hospitals.

In this study, 865 patients from January, 2018 to June, 2020 were enrolled in the

development cohort, and 307 patients from July, 2020 to June, 2021 were enrolled

in the validation cohort. Independent risk factors for SPPH were obtained by using

the multivariate logistic regression, and preoperative nomogram and intraoperative

nomogram were developed, respectively. We compared the discrimination, calibration,

and net benefit of the two nomograms in the development cohort and validation cohort.

Then, we tested whether the intraoperative nomogram could be used before operation.

Results: There were 204 patients (23.58%) in development cohort and 80 patients

(26.06%) in validation cohort experienced SPPH. In development cohort, the areas under

the receiver operating characteristic (ROC) curve (AUC) of the preoperative nomogram

and intraoperative nomogram were 0.831 (95% CI, 0.804, 0.855) and 0.880 (95% CI,

0.854, 0.905), respectively. In validation cohort, the AUC of the preoperative nomogram

and intraoperative nomogram were 0.825 (95% CI, 0.772, 0.877) and 0.853 (95% CI,

0.808, 0.898), respectively. In the validation cohort, the AUC was 0.839 (95% CI, 0.789,

0.888) when the intraoperative nomogram was used before operation.

Conclusion: We developed the preoperative nomogram and intraoperative nomogram

to predict the risk of SPPH in women with PP undergoing cesarean delivery. By

comparing the discrimination, calibration, and net benefit of the two nomograms in the

development cohort and validation cohort, we think that the intraoperative nomogram

performed better. Moreover, application of the intraoperative nomogram before operation

can still achieve good prediction effect, which can be improved if the severity of placenta
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accreta spectrum (PAS) can be accurately distinguished preoperatively. We expect to

conduct further prospective external validation studies on the intraoperative nomogram

to evaluate its application value.

Keywords: placenta previa, severe postpartum hemorrhage, multivariate logistic regression, prediction model,

nomogram

INTRODUCTION

The placenta previa (PP) is defined as placenta complete or
partial covering the internal orifice of cervix (1), the prevalence
of PP in obstetrics is about 0.3–1.5% (2). The PP is a major risk
factor for severe postpartum hemorrhage (SPPH), which is the
leading cause of maternal and neonate mortality and morbidity
worldwide (3, 4). In the United States, SPPH accounts for 11%
of maternal deaths (3, 5). In China, the incidence of SPPH
increased from 0.62% in 2016 to 0.93% in 2018 (6), and the
proportion of maternal deaths due to SPPH is increasing, rather
than decreasing (7).

The risk prediction tools for SPPH have been established
based on previous research of risk factors (8), and researchers
developed predictionmodels for SPPH in womenwith PP (9–12).
However, they cannot be recommended for clinical at present due
to lack of studies on the performance, impact, and effectiveness of
these models (13). Future research is needed to develop models
with strong applicability (14). Therefore, we aim to develop
and validate a new nomogram to predict SPPH in women with
PP undergoing cesarean delivery by a multicenter retrospective
case-control study.

MATERIALS AND METHODS

Research Centers and Patients
We aimed to conduct a multicenter retrospective case-control
study in five centers. The research centers included are Tongji
Hospital, Renmin Hospital of Wuhan University, Maternal and
Child Health Hospital of Hubei Province, Xianning Central
Hospital, and the Central Hospital ofWuhan. They are all tertiary
hospital in Hubei Province, China. Patients were retrieved
through electronic medical record systems in each hospital.
The inclusion criteria were patients with PP who underwent
cesarean delivery after 28 weeks of gestation between January,
2018 and June, 2021. The exclusion criteria were induced labor,
twins, vaginal delivery, preoperative stillbirth, and incomplete
ultrasound and clinical information. A total of 1,250 patients
were retrieved, 78 patients were excluded according to the
inclusion criteria and exclusion criteria, the remaining 1,172
patients were enrolled in the study. Then, 865 patients from
January, 2018 to June, 2020 were divided into the development
cohort, and 307 patients from July, 2020 to June, 2021
were divided into the validation cohort. The research centers,
principal investigators, and the number of patients recruited
in the centers are listed in Appendix Table 1. The process of
inclusion, exclusion, and grouping of the patients is shown in
Figure 1.

Data Collection
We collected the general characteristics and clinical
manifestations of patients, such as maternal age, in-vitro
fertilization (IVF), intracytoplasmic sperm injection (ICSI),
delivery gestational age (DGA), fibroids, complications (such
as hypertensive disorders of pregnancy, diabetes mellitus,
intrahepatic cholestasis of pregnancy, pulmonary hypertension,
and cardiac insufficiency), gravida, parity, number of prior
cesarean delivery (CDs) and abortion, history of intrauterine
operations, postpartum hemorrhage (PPH), myomectomy and
abdominal operations, preoperative bleeding (PB), hemoglobin
(HGB), and use of tocolytics. The ultrasound information,
such as fetal position, anterior placenta (AP), PP, placenta
accreta spectrum (PAS), placenta sinuses (PS), blood flow signal
(BFS) in lower uterine segment were collected. Moreover,
we collected the intraoperative conditions and maternal and
neonate outcomes, such as vascular engorgement (VE) in lower
uterine segment, the anterior wall of the uterus adheres to
the surrounding tissues, muscular layer thinning, PAS, arterial
balloon presetting, tourniquet or serrata forceps, uterine artery
ligation, suture hemostasis, tamponade balloon or gauze in
uterine, hysterectomy, intraoperative blood loss, red blood cell
(RBC) transfusion unit, cell salvage, use other blood products
(platelets, fibrin, plasma, etc.), postoperative bleeding, transfer
to ICU, postoperative hospital stay, neonate birth weight, 1-min
Apgar score, 5-min Apgar score, and transfer to neonatology.

Variable Definitions
Referring to the recommendations of the Society of Obstetricians
and Gynecologists of Canada (1), placenta covering the internal
orifice of cervix was defined as PP, and placenta lower than 2 cm
away from the internal orifice of cervix was defined as low-
lying placenta (LL). According to the Federation International of
Gynecology andObstetrics (FIGO) consensus guidelines (15), the
PAS disorders were divided into three categories: crete, increta,
and percreta. Due to the low rate of placenta crete and percreta
reported by preoperative ultrasound, we did not distinguish
the severity of PAS preoperatively and only classified with and
without PAS, and we classified the severity of PAS according
to intraoperative conditions. The comparison of preoperative
ultrasound and intraoperative assessment of the severity of PAS
is shown in Appendix Table 2. Following the American protocol
for obstetric mass transfusion (16) and definition of SPPH in
other study (17), we defined SPPH as total blood loss ≥ 1,500ml
or RBC transfusion ≥4U between cesarean delivery and 24 h
before and after cesarean delivery (the intraoperative cell savage
volume was converted into RBC transfusion units, 200ml= 1U).
Combining blood loss volume and RBC transfusion unit as the
definition of SPPH is helpful to avoid misjudgment of outcome
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FIGURE 1 | Flow chart for study design. ROC, receiver operating characteristic; DCA, decision curve analysis; Se, sensitivity; Sp, specificity; FNR, false negative rate;

FPR, false positive rate; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the receiver operating characteristic curve; YDI, Youden’s index.

caused by the underestimation of blood loss and insufficient
blood transfusion due to inadequate blood supply.

In our study, preoperative and postoperative bleeding was
defined as excessive bleeding that required urgent management.
The intrauterine operations referred to diagnostic curettage,
endometrium polyp extirpation, uterus mediastinum surgery,
and uterine cavity adhesion decomposition. Our definition
of abdominal operations excluded myomectomy and cesarean
section. If the placenta mostly covered the anterior wall of uterus,
it was defined as the anterior placenta.

Statistical Analyses
The quantitative variables in this study were not normally
distributed and were represented as P50 (P10, P90), and the
categorical variables were described as n (%). We used the
chi-square test or Fisher’s exact test to preliminarily screened
risk factors of SPPH in development cohort, and adopted
multivariate stepwise forward logistic regression to screen
independent risk factors. Based on the independent risk factors,
we established the preoperative nomogram and intraoperative
nomogram, respectively. Nomogram is a visual graphical tool for
quantitative calculation, which makes the complicated regression
results easy to calculate (18). Then, we have drawn receiver

operating characteristic (ROC) curve for the two nomograms
in development cohort, the cut-off point was determined when
the Youden’s index (YDI) was maximum (YDI = sensitivity (Se)
+specificity (Sp) – 1).

In validation cohort, we calculated the total points of each
patient using the nomograms. The patient was predicted to
experience SPPH if the total points exceeded the cut-off value.
The actual occurrence of SPPH as the gold standard, and the
predicted result as the test value to calculate the Se, Sp, YDI,
false negative rate (FNR), false positive rate (FPR), positive
predictive value (PPV), negative predictive value (NPV), and
draw the ROC curve, decision curve analysis (DCA) curve, and
calibration curve of each nomogram. We used the DeLong’s
test to compare the areas under the ROC curve (AUC) between
models. Calibration curves were drawn by bootstrap validation
with 1,000 repetitions. In this study, the incidence of SPPH in
development cohort was 23.58%, so the population prevalence
was 0.236 when DCA curves were drawn.

Statistical analyses were performed using the IBM SPSS
statistics (version 22.0, IBM, NY, USA), R software (version
4.1.0, Austria), and MedCalc (version 12.7.0, Belgium).
All tests were two-sided, and p < 0.05 was considered
statistically significant.
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TABLE 1 | Baseline characteristics of patients in the development cohort and validation cohort.

Characteristics Total (n = 1,172) Development cohort (n = 865) Validation cohort (n = 307) P-value

Preoperative characteristics

Maternal age ≥35 years-n (%) 375 (32.00) 277 (32.02) 98 (31.92) 0.974

IVF or ICSI-n (%) 139 (11.86) 107 (12.37) 32 (10.42) 0.365

Delivery gestational age (DGA)<37w-n

(%)

658 (56.14) 492 (56.88) 166 (54.07) 0.394

Fibroids-n (%) 86 (7.34) 64 (7.40) 22 (7.17) 0.893

Complications (HDP, DM, ICP, PH, CI)-n

(%)

286 (24.40) 210 (24.28) 76 (24.76) 0.867

Gravida-n (%) 0.199

1–2 442 (37.71) 339 (39.19) 103 (33.55)

3–4 484 (41.30) 351 (40.58) 133 (43.32)

≥5 246 (20.99) 175 (20.23) 71 (23.13)

Parity-n (%) 0.361

0 391 (33.36) 290 (33.53) 101 (32.90)

1 636 (54.27) 475 (54.91) 161 (52.44)

≥2 145 (12.37) 100 (11.56) 45 (14.66)

Number of prior CDs-n (%) 0.239

0 655 (55.89) 483 (55.84) 172 (56.03)

1 437 (37.29) 329 (38.03) 108 (35.18)

≥2 80 (6.83) 53 (6.13) 27 (8.79)

Number of prior abortion-n (%) 0.096

0 372 (31.74) 289 (33.41) 83 (27.04)

1–2 574 (48.98) 417 (48.21) 157 (51.14)

≥3 226 (19.28) 159 (18.38) 67 (21.82)

History of vaginal birth-n (%) 295 (25.17) 222 (25.66) 73 (23.78) 0.513

History of intrauterine operations-n (%) 90 (7.68) 68 (7.86) 22 (7.17) 0.694

History of PPH-n (%) 17 (1.45) 15 (1.73) 2 (0.65) 0.278

History of myomectomy-n (%) 21 (1.79) 15 (1.73) 6 (1.95) 0.803

History of abdominal operations-n (%) 148 (12.63) 117 (13.53) 31 (10.10) 0.120

Fetal non-cephalic presentation-n (%) 272 (23.21) 199 (23.01) 73 (23.78) 0.783

Anterior placenta (AP)-n (%) 542 (46.25) 402 (46.47) 140 (45.60) 0.792

Placenta previa type (PPT)-n (%) 0.022

Placenta previa (PP) 809 (69.03) 613 (70.87) 196 (63.84)

Low-lying placenta (LL) 363 (30.97) 252 (29.13) 111 (36.16)

Placenta accreta spectrum (PAS) (%) 280 (23.89) 205 (23.70) 75 (24.43) 0.796

Placental sinuses (PS)-n (%) 135 (11.52) 99 (11.45) 36 (11.73) 0.894

Blood flow signal of lower uterine

segment (BFS)-n (%)

268 (22.87) 200 (23.12) 68 (22.15) 0.728

Preoperative bleeding (PB)-n (%) 177 (15.10) 120 (13.87) 57 (18.57) 0.048

Preoperative HGB <90 g/l-n (%) 68 (5.80) 59 (6.82) 9 (2.93) 0.012

Tocolytics-n (%) 403 (34.39) 302 (34.91) 101 (32.90) 0.523

Intraoperative characteristics

Lower uterine segment vascular

engorgement (VE)-n (%)

410 (34.98) 289 (33.41) 121 (39.41) 0.058

The anterior wall of the uterus adheres

to the surrounding tissues-n (%)

128 (10.92) 85 (9.83) 43 (14.01) 0.044

Muscular layer thinning-n (%) 175 (14.93) 125 (14.45) 50 (16.29) 0.438

(Continued)
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TABLE 1 | Continued

Characteristics Total (n = 1,172) Development cohort (n = 865) Validation cohort (n = 307) P-value

Placenta accreta spectrum

(PAS)-n (%)

0.009

Normal 558 (47.61) 426 (49.25) 132 (43.00)

Crete 219 (18.69) 142 (16.42) 77 (25.08)

Increta 366 (31.23) 276 (31.90) 90 (29.32)

Percreta 29 (2.47) 21 (2.43) 8 (2.60)

IVF, in-vitro fertilization; ICSI, intracytoplasmic sperm injection; CD, cesarean delivery; HDP, hypertensive disorders of pregnancy; DM, diabetes mellitus; ICP, intrahepatic cholestasis of

pregnancy; PH, pulmonary hypertension; CI, cardiac insufficiency.

RESULTS

In our study, there were 204 patients (23.58%) in the
development cohort and 80 patients (26.06%) in the validation

cohort experienced SPPH. Between the development and
validation cohort, there were statistical differences in the
proportion of PP (p = 0.022), preoperative HGB < 90 g/L
(p = 0.012), PB (p = 0.048), the anterior wall of the uterus

adheres to the surrounding tissue (p = 0.044) and the severity
of PAS found during operation (p = 0.009), and there were no
statistical differences in other factors. Patients characteristics are
summarized in Table 1. In both cohorts, there were statistical

differences in the rate of artery balloon presetting, tourniquet
or serrata forceps, suture hemostasis, uterine artery ligation,

tamponade balloon or gauze in uterine, hysterectomy and
postoperative hospital stay, the rate of premature birth, low birth
weight, neonatal asphyxia, and transfer to neonatology between

the SPPH and non-SPPH group, the values of p were all <0.05.
In the development cohort, there were statistical differences in
the rate of transfer to ICU (p < 0.001) and postoperative bleeding
(p < 0.001) between SPPH and non-SPPH group. However, there
were no statistical differences in the rate of transfer to ICU (p =
0.067) and postoperative bleeding (p= 0.167) between the SPPH
and non-SPPH group in the validation cohort, we considered
that might be related to the small sample size in validation
cohort. The intraoperative hemostatic measures are shown in
Appendix Table 3, and the maternal and neonate outcomes are
shown in the Appendix Table 4.

In the development cohort, among the features which can
be detected preoperatively, there were statistical differences in
IVF or ICSI (p < 0.001), DGA < 37w (p < 0.001), fibroids (p
= 0.013), gravida (p < 0.001), parity (p < 0.001), number of
prior CDs (p < 0.001), number of prior abortion (p = 0.004),
history of PPH (p = 0.015), AP (p < 0.001), PP (p < 0.001),
PAS (p < 0.001), PS (p < 0.001), BFS (p < 0.001), PB (p <
0.001), preoperative HGB < 90 g/L (p < 0.001), use of tocolytics
(p < 0.001) between the SPPH and non-SPPH group. Among
the features which can be detected intraoperatively, there were
statistical differences in VE (p < 0.001), the anterior wall of uterus
adheres to the surrounding tissues (p = 0.001), muscular layer
thinning (p < 0.001) and the severity of PAS (p < 0.001) between
the SPPH and non-SPPH group. The results of univariate
analysis are shown in Table 2. We used the independent risk

factors in the preoperative characteristics screened by using
the multivariate logistic regression to establish preoperative
nomogram. According to the point of each predictor shown in
the preoperative nomogram, the formula is: total points = DGA
< 37w (36 points) + HGB < 90 g/L (55 points) + PB (50.5
points) + AP (22 points) + PP (51 points) + PS (37.5 points) +
BFS (45.5 points) + number of CDs (0: 0 point; 1: 57.5 points;
≥2: 100 points). We used the independent risk factors in the
preoperative and intraoperative characteristics screened by using
the multivariate logistic regression to establish intraoperative
nomogram. Due to the intraoperative characteristics included
the severity of PAS and VE, the PAS and BFS detected by
ultrasound were not included in the regression analysis to avoid
inclusion of similar indicators. The formula of the intraoperative
nomogram is: total points = DGA < 37w (25.5 points) + HGB
< 90 g/L (53 points) + PB (44.5 points) + VE (43.5 points)
+ PP (37 points) + PAS (normal: 0 point; crete: 43 points;
increta:76 points; percreta:100 points) + number of prior CDs
(0: 0 point; 1: 40 points; ≥2: 65 points). The cut-off points
of the preoperative nomogram and intraoperative nomogram
are 145.25 and 145.75, respectively. The multivariate logistic
regression results are reported in Table 3, and the nomograms
are shown in Figure 2.

The nomograms were first evaluated in the development
cohort. The AUC of preoperative nomogram and intraoperative
nomogram was 0.831 (95% CI, 0.804–0.855) and 0.880 (95%
CI, 0.854–0.905), respectively and DeLong’s test confirmed that
there was significant different between the intraoperative and
preoperative nomogram (p < 0.001). The Se, Sp, YDI, PPV,
and NPV of intraoperative nomogram were all higher than the
preoperative nomogram, the FNR and FPR of intraoperative
nomogram were all lower than the preoperative nomogram.
In DCA curves, the intraoperative nomogram obtained more
net benefit than the preoperative nomogram in most areas of
the risk threshold. The calibration curves of the preoperative
nomogram and intraoperative nomogram were all close to the
ideal curves. In the validation cohort, the AUC of preoperative
nomogram and intraoperative nomogram was 0.825 (95% CI,
0.772–0.877) and 0.853 (95% CI, 0.808–0.898), respectively. The
AUC of the intraoperative nomogram was still higher than the
preoperative nomogram, but there was no statistical difference
(p = 0.117). The Se, NPV, and FPR of intraoperative nomogram
were all higher than the preoperative nomogram, but the Sp,
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TABLE 2 | Univariate analysis in the development cohort.

Characteristics Total (n = 865) Non SPPH group (n = 661) SPPH group (n = 204) P-value

Preoperative characteristics

Maternal age ≥35 years-n (%) 277 (32.02) 214 (32.38) 63 (30.88) 0.690

IVF or ICSI-n (%) 107 (12.37) 97 (14.67) 10 (4.90) <0.001

Delivery gestational age (DGA) <37w-n (%) 492 (56.88) 331 (50.08) 161 (78.92) <0.001

Fibroids-n (%) 64 (7.40) 57 (8.62) 7 (3.43) 0.013

Complications (HDP, DM, ICP, PH, CI) -n (%) 210 (24.28) 162 (24.51) 48 (23.53) 0.776

Gravida-n (%) <0.001

1–2 339 (39.19) 287 (43.42) 52 (25.49)

3–4 351 (40.58) 262 (39.64) 89 (43.64)

≥5 175 (20.23) 112 (16.94) 63 (30.88)

Parity-n (%) <0.001

0 290 (33.53) 264 (39.94) 26 (12.74)

1 475 (54.91) 342 (51.74) 133 (65.20)

≥2 100 (11.56) 55 (8.32) 45 (22.06)

Number of prior CDs-n (%) <0.001

0 483 (55.84) 426 (64.45) 57 (27.94)

1 329 (38.03) 211 (31.92) 118 (57.84)

≥ 2 53 (6.13) 24 (3.63) 29 (14.22)

Number of prior abortion-n (%) 0.004

0 289 (33.41) 235 (35.55) 54 (26.47)

1–2 417 (48.21) 319 (48.26) 98 (48.04)

≥3 159 (18.38) 107 (16.19) 52 (25.49)

History of vaginal birth-n (%) 222 (25.66) 178 (26.93) 44 (21.57) 0.125

History of intrauterine operations-n (%) 68 (7.86) 52 (7.87) 16 (7.84) 0.991

History of PPH-n (%) 15 (1.73) 7 (1.06) 8 (3.92) 0.015

History of myomectomy-n (%) 15 (1.73) 12 (1.82) 3 (1.47) 0.982

History of abdominal operations-n (%) 117 (13.53) 89 (13.46) 28 (13.73) 0.924

Fetal non-cephalic presentation-n (%) 199 (23.01) 145 (21.94) 54 (26.47) 0.179

Anterior placenta (AP)-n (%) 402 (46.47) 265 (40.09) 137 (67.16) <0.001

Placenta previa type (PPT)-n (%) <0.001

Placenta previa (PP) 613 (70.87) 431 (65.20) 182 (89.22)

Low-lying placenta (LL) 252 (29.13) 230 (34.80) 22 (10.78)

Placenta accreta spectrum (PAS)-n (%) 205 (23.70) 134 (20.27) 71 (34.80) <0.001

Placental sinuses (PS)-n (%) 99 (11.45) 56 (8.47) 43 (21.08) <0.001

Blood flow signal of lower uterine segment (BFS)-n (%) 200 (23.12) 83 (12.56) 117 (57.35) <0.001

Preoperative bleeding (PB)-n (%) 120 (13.87) 73 (11.04) 47 (23.04) <0.001

Preoperative HGB <90 g/L-n (%) 59 (6.82) 29 (4.39) 30 (14.71) <0.001

tocolytics-n (%) 302 (34.91) 210 (31.77) 92 (45.10) <0.001

Intraoperative characteristics

Vascular engorgement of lower uterine segment (VE)-n (%) 289 (33.41) 162 (24.51) 127 (62.25) <0.001

The anterior wall of the uterus adheres to the surrounding tissues-n (%) 85 (9.83) 53 (8.02) 32 (15.69) 0.001

Muscular layer thinning-n (%) 125 (14.45) 58 (8.77) 67 (32.84) <0.001

Placenta accreta spectrum (PAS)-n (%) <0.001

Normal 426 (49.25) 398 (60.21) 28 (13.73)

Crete 142 (16.42) 113 (17.10) 29 (14.22)

Increta 276 (31.91) 144 (21.79) 132 (64.71)

Percreta 21 (2.43) 6 (0.91) 15 (7.35)

IVF, in-vitro fertilization; ICSI, intracytoplasmic sperm injection; CD, cesarean delivery; HDP, hypertensive disorders of pregnancy; DM, diabetes mellitus; ICP, intrahepatic cholestasis of

pregnancy; PH, pulmonary hypertension; CI, cardiac insufficiency; HGB, hemoglobin.
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YDI, FNR, and PPV of intraoperative nomogram were all slightly
lower than the preoperative nomogram. In DCA curves, the
intraoperative nomogram obtained more net benefit than the
preoperative nomogram in most areas of the risk threshold. In
addition, the calibration curve of intraoperative nomogram was
closer to the ideal curve than that of preoperative nomogram.
By comparing the discrimination, calibration, and net benefit
of the intraoperative nomogram and preoperative nomogram
in the development and validation cohort, we think that the
intraoperative nomogram is more effective than the preoperative
nomogram. The test results of the two nomograms are shown in
Table 4. The ROC curves, DCA curves, and calibration curves are
given in Figure 3.

To examine whether the intraoperative nomogram can be
applied before operation and the effect when used before
operation, we performed a predictor replacement test in the
validation cohort. Due to VE and the severity of PAS found in
operation cannot be obtained before operation, we used BFS and
the severity of PAS detected by ultrasound to replace VE and
PAS found in operation. For example, if preoperative ultrasound
of a patient suggests BFS in the lower uterine segment, VE
= 43.5 points should be observed, and the AUC [0.867, 95%
CI, (0.823, 0.911)], Se (76.25%), Sp (83.70%), YDI (0.60), PPV
(62.24%), NPV (90.91%), and DCA were slightly higher than VE
was not replaced. And if preoperative ultrasound of a patient
suggests placenta increta, PAS = 76 points should be observed,
and the AUC [0.828 (95% CI, 0.777, 0.879)], Se (65%), YDI
(0.47), NPV (86.98%), and DCA were slightly lower than the
severity of PAS found intraoperatively was not replaced. The
intraoperative nomogram can be used preoperatively only when
the two predictors are replaced together, and the AUC [0.839
(95% CI, 0.789, 0.888)], Se (62.5%), YDI (0.48), NPV (86.61%),
and DCA were slightly lower than the two predictors that
were not replaced. But DeLong’s test confirmed that there were
no statistical differences between the two predictors that were
replaced compared with the original intraoperative nomogram
(p = 0.478) and preoperative nomogram (p = 0.283). The test
results of predictors that were replaced are shown in Table 4, and
the ROC curves and DCA curves are given in Figure 3.

DISCUSSION

We established nomogram to predict the risk of SPPH in patients
with PP undergoing cesarean delivery in this study. We hope
that the nomogram can help clinicians identify patients at high
risk of SPPH and make adequate preoperative preparations to
reduce the intraoperative blood loss and the incidence of serious
maternal and neonate complications caused by SPPH. In the
following paragraphs, we will discuss the predictors, predictive
performance, and application of the nomogram.

We established the preoperative nomogram and
intraoperative nomogram according to whether intraoperative
factors were included in the multivariate logistic regression
analysis. The preoperative nomogram contains eight predictors
and the intraoperative nomogram contains seven predictors,
of which five predictors are same. The five same predictors

TABLE 3 | Multivariate logistic regression in the development cohort.

Variables P OR (95%CI)

Preoperative prediction model

Delivery gestational age (DGA) <37w <0.001 2.200 (1.433, 3.380)

Preoperative HGB <90 g/L <0.001 3.383 (1.785, 6.412)

Preoperative bleeding (PB) <0.001 3.048 (1.853, 5.013)

Anterior placenta (AP) 0.016 1.614 (1.093, 2.385)

Placenta previa (PP) <0.001 3.073 (1.794, 5.262)

Placental sinuses (PS) 0.002 2.275 (1.361, 3.805)

Blood flow signal of lower uterine

segment (BFS)

<0.001 2.733 (1.796, 4.159)

Number of prior CDs

0 Reference Reference

1 <0.001 3.555 (2.342, 5.396)

≥2 <0.001 9.097 (4.532, 18.263)

Intraoperative prediction model

Delivery gestational age (DGA) <37w 0.004 1.969 (1.244, 3.118)

Preoperative HGB <90 g/l <0.001 4.053 (2.006, 8.191)

Preoperative bleeding (PB) <0.001 3.185 (1.841, 5.510)

Placenta previa (PP) 0.001 2.625 (1.478, 4.663)

Vascular engorgement of lower

uterine segment (VE)

<0.001 3.122 (2.069, 4.710)

Placenta accreta spectrum (PAS)

Normal Reference Reference

Crete <0.001 3.105 (1.674, 5.759)

Increta <0.001 7.274 (4.366, 12.118)

Percreta <0.001 13.764 (4.244, 44.642)

Number of prior CDs

0 Reference Reference

1 <0.001 2.836 (1.815, 4.430)

≥2 <0.001 5.537 (2.599, 11.795)

HGB, hemoglobin; CD, cesarean delivery.

are DGA < 37w, preoperative HGB < 90 g/L, PB, PP, and
number of prior CDs, respectively. The difference is that the
intraoperative nomogram contains the severity of PAS and VE
detected intraoperatively, while the preoperative nomogram
contains AP, BFS, and PS detected by ultrasound. It may be
related to the poor diagnostic accuracy of PAS by ultrasound
and we guess that the AP plus PS may indicate the presence
of PAS. Considering the subjective differences of operators in
judging the degree of BFS, the size and number of PS and the
degree of VE in the lower uterine segment, we divided the three
factors into dichotomous variables (yes and no). Moreover, the
dichotomous is more convenient for clinical application than
the multi-classification made by Kang et al. (11), and has no
adverse impact on the prediction effect of the model. In our
study, the DGA < 37 weeks is a risk factor for SPPH, which is
consistent with Kim et al. (9) and contrary to Chen et al. (12). It
may be associated with more severe conditions in patients who
delivered before 37 weeks. Our nomogram includes preoperative
HGB < 90 g/L, which is not a predictor in the existing models
(9–12). We think that may be related to the amount of RBC
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FIGURE 2 | Nomogram. (A) Preoperative nomogram. (B) Intraoperative nomogram. DGA, delivery gestational age; HGB, hemoglobin; PB, preoperative bleeding; AP,

anterior placenta; PPT, placenta previa type; LL, low-lying; PP, placenta previa; BFS, blood flow signal of lower uterine segment; PS, placental sinuses; CDs, number

of prior cesarean delivery; VE, vascular engorgement of lower uterine segment; PAS, placenta accrete spectrum; SPPH, severe postpartum hemorrhage.

transfusion is one of the outcomes of SPPH and the influence of
HGB concentration on coagulation function (19, 20). The PB,
AP, PP, number of prior CDs, and PAS in the nomogram were
similar to the existing models (9–12) and other research (21, 22).
More information about the existing models for predicting the
risk of SPPH for women with PP is shown in Appendix Table 5.

By comparing the predictive performance of the preoperative
nomogram and intraoperative nomogram in the development
cohort and validation cohort, we found that the intraoperative
nomogram had higher net benefits, calibration, and
discrimination than the preoperative nomogram. In addition,
the results of the predictor replacement test showed that the
intraoperative nomogram possessed acceptable performance
when used before operation. Additionally, we can see that
the predictive performance improved slightly when VE was
replaced by BFS, it may be related to the fact that ultrasound
is more sensitive to blood flow than clinician. However, the
performance declined slightly when the severity of PAS detected
intraoperatively was replaced by ultrasound. It is concluded that
there are some deficiencies in judging the severity of PAS by
ultrasound, and the more accurate for classifying the severity
of PAS preoperatively, the more authentic are the prediction
results. It is well known that PAS is a major risk factor for
SPPH and patients with PP are at high risk for PAS, so the
diagnostic accuracy of the severity of PAS preoperatively should
be improved. The methods for predicting the severity of PAS
based on ultrasound information are available (23), but their
indicators are complex and different sonographers may have

subjective differences in judgment of the same indicator, and
they have not been widely used. MRI is more accurate than
ultrasound in diagnosing the depth and topography of PAS (24).
However, MRI is more expensive and has complex imaging
principles (25), which limit its general applicability. Nowadays,
the researchers try to find biochemical markers of PAS, which
may be potential markers for the diagnosis of the severity of
PAS. Schwickert A et al. (26) found that the level of VEGF in
maternal serum could predict the severity of PAS. Shainker SA
et al. (27) found that the soluble VEGF receptor 2, soluble Tie2,
median plasminogen activator inhibitor one concentrations, and
median antithrombin III concentrations in maternal plasma
were associated with the severity of PAS. Yang T et al. (28)
found that the hsa-miR-490-3p and hsa-miR-133a-3p were
positively correlated not only with the severity of PAS but also
with the volume of blood loss during operation. To improve
the performance of the prediction model for SPPH, the more
convenient and accurate methods for diagnosing the severity of
PAS remain to be explored.

After identifying the high-risk group of SPPH, we need to
know what preparations should be made preoperatively. We
found that the rates of artery balloon presetting, use of tourniquet
or serrata forceps, suture for hemostasis, ligation of uterine
artery, tamponade balloon or gauze in uterine, hysterectomy,
intraoperative cell salvage, and transfusion of other blood
products in SPPH group were all higher than non-SPPH
group. It indicates that patients with SPPH often need to use
a combination of treatment methods, so obstetricians should
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TABLE 4 | Prediction results.

Development cohort Validation cohort

Preoperative

nomogram

Intraoperative

nomogram

Preoperative

nomogram

Intraoperative

nomogram

Predictors in the intraoperative nomogram were replaced by

preoperative ultrasound

BFS replace

VE

PAS detected in ultrasound

replace

PAS found intraoperatively

Both replace

Cut-off points 145.25 145.75 145.25 145.75 145.75 145.75 145.75

Se (%) 75.98 80.88 72.50 73.75 76.25 65.00 62.50

Sp (%) 75.79 78.82 80.62 78.41 83.70 82.38 85.46

FNR (%) 24.02 19.12 27.50 26.25 23.75 35.00 37.50

FPR (%) 24.21 21.18 19.38 21.59 16.30 17.62 14.54

YDI 0.52 0.60 0.53 0.52 0.60 0.47 0.48

PPV (%) 49.21 54.10 56.86 54.63 62.24 56.52 60.24

NPV (%) 91.09 93.04 89.27 89.45 90.91 86.98 86.61

AUC

(95%CI)

0.831

(0.804, 0.855)

0.880

(0.854, 0.905)

0.825

(0.772, 0.877)

0.853

(0.808, 0.898)

0.867

(0.823, 0.911)

0.828

(0.777, 0.879)

0.839

(0.789, 0.888)

P <0.001 0.117 - - -

P* – – 0.181 0.170 0.478

P# – – 0.004 0.839 0.283

Se, sensitivity; Sp, specificity; FNR, false negative rate; FPR, false positive rate; YDI, Youden’s index; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the receiver operating characteristic curve; CI,

confidence interval; BFS, blood flow signal of lower uterine segment; VE, vascular engorgement; PAS, placenta accreta spectrum. *Compared with when the predictors in the intraoperative nomogram were not replaced. #Compared

with the preoperative nomogram.
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FIGURE 3 | Calibration cures, ROC cures and DCA cures. (A) Calibration cure of preoperative model in development cohort. (B) Calibration cure of intraoperative

model in development cohort. (C) Calibration cure of preoperative model in validation cohort. (D) Calibration cure of intraoperative model in validation cohort. (E) ROC

curve in development cohort. (F) ROC curve in validation cohort. (G) DCA curve in development cohort. (H) DCA curve in validation cohort.

fully master various hemostatic measures and the transfusion
composition ratios and application time preoperatively (4).
Referring to the guidelines of cell salvage proposed by the
Australia, the United States, and England (29), we recommend
cell salvage for patients at high risk of SPPH, but it should
be performed by an experienced multidisciplinary team (30).

The rates of neonate premature birth, low birth weight,
asphyxia, and transfer to neonatology in SPPH group were
all higher than the non-SPPH group, so neonatal rescue
should be also done well before operation. We hope that
the intraoperative nomogram can help clinicians identify the
high-risk group and low-risk group of SPPH and make
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preparation according to the condition. However, a small number
of patients without risk factors may experience SPPH (8).
Obstetricians should be vigilant when treating patients without
risk factors.

There are some strengths in our study. First, it is a multicenter
study with a large sample size. Second, we included not only
preoperative risk factors but also intraoperative risk factors,
which made the predictors more reliable. Third, we tested the
intraoperative nomogram and demonstrated its potential value
when used preoperatively. There are some limitations in our
study. First, it was a retrospective study, all information were
collected from the existing data. Second, due to some irresistible
reasons, we cannot collect all patients in the sub-research centers
and only select the most cases randomly. Third, we included
a hospital in the validation cohort that did not appear in the
development cohort, but its sample size was small, future studies
need to conduct external validation of the developed nomogram.

We developed the preoperative nomogram and intraoperative
nomogram to predict the risk of SPPH in women with PP
undergoing cesarean delivery. By comparing the discrimination,
calibration, and net benefit of the two nomograms in the
development cohort and validation cohort, we think that
the intraoperative nomogram performed better. Moreover,
application of the intraoperative nomogram before operation can
still achieve good prediction effect, which can be improved if the
severity of PAS can be accurately distinguished preoperatively.
We expect to conduct further prospective external validation
studies on the intraoperative nomogram to evaluate its
application value.
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