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Objective: To establish and evaluate a nomogram model for predicting the risk of postpartum hemorrhage in second cesarean section.
Methods: A total of 440 parturients who underwent the second cesarean section surgery and were registered in our hospital from
August 2019 to July 2021 were selected as the study subjects. They were randomly divided into 220 modeling group and 220
validation group based on simple randomization. The two groups were divided into postpartum hemorrhage group and postpartum non
bleeding group according to whether postpartum hemorrhage occurred.

Results: In the modeling group, the incidence of postpartum hemorrhage in the second cesarean section was 15.00%; the Logistic
regression model showed that placenta previa, operation time, prenatal anemia, placenta accreta, uterine inertia were the independent
risk factors of postpartum hemorrhage in the second cesarean section (P < 0.05). ROC results showed that AUC of predicting the risk
of postpartum hemorrhage in the second cesarean section was 0.824. The slope of calibration curve is close to 1, Hosmer-Lemeshow
goodness of fit test showed x?>= 7.585, P = 0.250. The external verification results show that the AUC is 0.840, and the predicted
probability of the calibration curve is close to the actual probability.

Conclusion: Based on the five risk factors of postpartum hemorrhage in the second cesarean section, including placenta previa,
operation time, prenatal anemia, placenta accreta and uterine inertia, the nomogram model for predicting the risk of postpartum
hemorrhage in the second cesarean section has good accuracy and differentiation.
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Cesarean section is currently an important method of childbirth for obstetric women and can save the lives of both mother and
baby in critical moments.' In recent years, with the relaxation of China’s two-child policy, the proportion of women choosing
a second cesarean section has been increasing annually, and the incidence of complications following cesarean section is also on
the rise.” Postpartum hemorrhage is the most serious complication during cesarean section and is the leading cause of maternal
death.? Therefore, identifying the risk factors for postpartum hemorrhage after a second cesarean section has significant clinical
value. Recent literature indicates that nomogram models play an important role in predicting various clinical adverse events.*> In
view of this, this study will analyze the clinical data of women undergoing a second cesarean section to explore the influencing
factors of postpartum hemorrhage after a second cesarean section. The aim is to establish a nomogram model to predict the risk of
postpartum hemorrhage in women undergoing a second cesarean section, which will assist healthcare workers in identifying
high-risk pregnant women, thereby reducing the incidence of postpartum hemorrhage in women undergoing a second cesarean

section.
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Data and Methods
Data

From August 2019 to July 2021, 440 women who were registered in our hospital and underwent the second cesarean
section operation were selected as the research objects, and were divided into 220 model group and 220 verification
group according to simple randomization method. Modeling group: Ages 22-38 years, gestational weeks 33—42 weeks.
Verification group: Age 22-37 years old, gestational weeks 34—42 weeks. The modeling group was divided into
a postpartum hemorrhage group (33 cases) and a non-postpartum hemorrhage group (187 cases) based on whether the
parturients experienced postpartum hemorrhage. Similarly, the validation group was divided into a postpartum hemor-
rhage group (31 cases) and a non-postpartum hemorrhage group (189 cases).

Inclusion criteria: (1) Women undergoing a second cesarean section; (2) Consent for participation in the study was
obtained from the parturients and their families, along with a signed consent form; (3) Singleton pregnancy; (4) Complete
clinical Data available. Exclusion criteria: (1) Individuals with autoimmune diseases; (2) Those with coagulation
disorders; (3) Individuals with severe heart, kidney, or other functional impairments. See Figure 1.

Methods

A research team was established to determine the research plan and the specific steps to be implemented during the
research process. Before data collection, two nurses with over five years of experience in obstetrics and gynecology from
our hospital were selected for professional training and briefed on the research purpose and Methods. All clinical data
related to the pregnant women involved in this article were collected and organized by the aforementioned nurses.
Double entry of all clinical data for the second cesarean section parturients was performed, followed by multiple
verifications to ensure the accuracy of the data in this study.

The collected clinical data mainly included: gestational weeks before cesarean section, age, pre-cesarean body mass
index (BMI), presence of gestational diabetes, presence of gestational hypertension, time since the last cesarean section,
presence of placenta previa, surgery duration, presence of prenatal anemia, placenta accreta, and uterine atony.

Statistical Methods

In this study, all data were processed using the SPSS 22.0 software package. Count data, such as the number of cases
with placenta previa and prenatal anemia, were presented in terms of frequency and proportion, and chi-square tests were
conducted. Measurement data, like gestational weeks before cesarean section and time since the last cesarean section,

Clinical data of postpartum women who underwent the second cesarean
section surgery at our hospital from August 2019 to July 2021 (n=459)

Excluding 159 patients: 74 patients with concurrent autoimmune diseases;
28 cases with coagulation dysfunction; 22 patients with concurrent
coagulation dysfunction; 35 cases of severe heart and kidney dysfunction

Screening
according
toinclusion
criteria

Modeling group: Enrollment analysis of postpartumwomen undergoing the s
econd cesarean sectionsurgery (n=220)

Figure | Case collection flow chart.
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were expressed as mean + standard deviation (¥ % s), and #-tests were used for intergroup comparisons. For the modeling
group, to determine the risk factors for postpartum hemorrhage following a second cesarean section, Logistic regression
analysis was utilized. A nomogram model predicting the risk of postpartum hemorrhage after a second cesarean section
was constructed using the rms package in R language (R 3.6.3). To assess the discriminative ability of the nomogram
model, the receiver operating characteristic (ROC) curve was used. Calibration curves were drawn using the rms package
to assess the model’s accuracy. P<0.05 was considered statistically significant.

Results

Comparison of Clinical Data Between Two Groups in the Modeling Group

In the modeling group, the incidence of postpartum hemorrhage in women undergoing a second cesarean section was
15.00%. In the postpartum hemorrhage group, the gestational weeks before cesarean section, age, pre-cesarean BMI,
gestational diabetes, gestational hypertension, and time since the last cesarean section showed no significant difference
compared to the non-postpartum hemorrhage group (P > 0.05). The number of cases with placenta previa, prenatal
anemia, placenta accreta, and uterine atony was higher in the postpartum hemorrhage group compared to the non-
postpartum hemorrhage group (P < 0.05). The surgery time was longer in the postpartum hemorrhage group (P < 0.05).
See Table 1 for details.

Logistic Regression Analysis of the Risk of Postpartum Hemorrhage After a Second

Cesarean Section

Using the occurrence of postpartum hemorrhage in women undergoing a second cesarean section (1 = yes, 0 = no) as the
dependent variable, and the variables with statistical significance in the above clinical data comparison analysis as
independent variables, Logistic regression analysis was performed. The Results of the Logistic regression analysis
indicated that placenta previa, surgery time, prenatal anemia, placenta accreta, and uterine atony are independent risk
factors for postpartum hemorrhage in women undergoing a second cesarean section (P < 0.05). The final formula
obtained was: Z = 2.022 x placenta previa + 0.035 x surgery time + 1.293 X prenatal anemia + 0.994 X placenta accreta +
2.047 x uterine atony - 6.991. See Table 2 for details.

Establishment of the Nomogram Model for Postpartum Hemorrhage After a Second

Cesarean Section

Based on the results of the aforementioned Logistic regression analysis, a nomogram model was created to predict the
risk of postpartum hemorrhage following a second cesarean section. The results of the nomogram model indicated that
for every 10-minute increase in surgery time, the nomogram model score increased by 9.1 points, with placenta previa

Table | Comparison of Clinical Data Between Two Groups in the Modeling Group(x £ 5)/[n(%)]

Project Postpartum Hemorrhage Postpartum Non Bleeding IEI)(2 P
Group(n=33) Group(n=187)
Pregnancy weeks before cesarean section (weeks) 38.76+1.08 39.011.15 1.161 0.247
Age (years) 30.23+3.16 29.84+3.03 0.677 0.499
Preoperative BMI of cesarean section(kg/m?) 27.11£2.32 26.79+2.26 0.747 0.456
Gestational diabetes[n(%)] 4(12.12) 27(14.44) 0.007 0.935
Pregnancy induced hypertension[n (%)] 3 (9.09) 26 (13.90) 0.225 0.635
Time since last cesarean section (year) 2.36x1.41 2.72+1.49 1.290 0.199
Placenta[n(%)] 21(63.64) 6(3.21) 89.603 0.000
Operative time(min) 109.84+15.36 82.33+12.59 11.179 0.000
Prenatal anemia[n(%)] 7(21.21) 9(4.81) 8.886 0.003
Placenta accreta[n(%)] 9(27.27) 4(2.14) 27.509 0.000
Uterine inertia[n(%)] 10(30.30) 7(3.74) 24.151 0.000
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Table 2 Analysis of Risk Factors for Postpartum Hemorrhage in Pregnant

Women Undergoing the Second Cesarean Section

Factor p SE Wald P OR 95% ClI
Placenta 2.022 | 0.505 | 16.038 | 0.000 | 7.553 | 2.808~20.316
Operative time 0.035 | 0013 | 7.623 | 0.006 | 1.036 | 1.010~1.062
Prenatal anemia 1293 | 0.649 | 3.963 | 0.041 | 3.642 | 1.020~13.004
Placenta accreta | 0.994 | 0.475 | 4.370 | 0.037 | 2.702 | 1.064~6.861
Uterine inertia 2.047 | 0712 | 8278 | 0.004 | 7.747 | 1.921~31.250
Constant —6.991 | 1.487 | 22.087 | 0.000 | 0.001 -

scoring 52.1 points, prenatal anemia 32.9 points, placenta accreta 22.6 points, and uterine atony 52.5 points. See Figure 2
for details.

Internal Validation of the Nomogram Model for Postpartum Hemorrhage After

a Second Cesarean Section

The ROC results showed that the area under the curve (AUC) for predicting the risk of postpartum hemorrhage after
a second cesarean section was 0.824 (95% CI: 0.740~0.907), as detailed in Figure 3A. This indicates that the nomogram
model has good discriminative ability. The slope of the calibration curve was close to 1, as shown in Figure 3B, and the
Hosmer-Lemeshow goodness-of-fit test x’=7.585, P=0.250, indicating good consistency and calibration of the nomogram
model.

External Validation of the Nomogram Model for Postpartum Hemorrhage After

a Second Cesarean Section

In the validation group, the incidence of postpartum hemorrhage in women undergoing a second cesarean section was
14.09%. The number of cases with placenta previa, prenatal anemia, placenta accreta, and uterine atony in the postpartum
hemorrhage group was higher than in the non-postpartum hemorrhage group (P < 0.05), and the surgery time was longer
(P < 0.05), as detailed in Table 3. External validation of the prediction model was conducted using the data from the
validation group. The ROC results showed an AUC of 0.840 (95% CI. 0.762~0.917), as seen in Figure 4A, indicating
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Figure 2 Column chart model for predicting the risk of postpartum hemorrhage in pregnant women undergoing a second cesarean section.
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Figure 3 Internal validation of the haemorrhage nomogram model after the second caesarean section (A) ROC curve; (B) Calibration curve.

good discriminative ability of the prediction model. The calibration curve showed that the predicted probabilities closely
matched the actual probabilities, demonstrating good consistency of the prediction model, as detailed in Figure 4B.

Decision Curve Analysis (DCA) of the Nomogram Model

Using the high-risk threshold probability as the horizontal axis and the net benefit rate as the vertical axis, the clinical
utility of applying this nomogram model to predict postpartum hemorrhage after a second cesarean section is higher
when the high-risk threshold probability ranges between 0.06 and 0.8. See Figure 5 for details.

Discussion

Postpartum hemorrhage is one of the more urgent conditions that can occur during childbirth, characterized by clinical
manifestations such as secondary anemia and vaginal bleeding, which can seriously affect the safety of the mother’s life.°
The risk of postpartum hemorrhage is greatly increased in a second cesarean section due to the increased difficulty and
complexity of the surgery, and excessive blood loss can lead to maternal death.”® Therefore, exploring the risk factors for
postpartum hemorrhage after a second cesarean section is crucial for improving the safety of maternal surgery. Studies
show that nomograms, with their unique advantages such as being intuitive and specific, have been widely used in recent
years in predicting the risk of adverse clinical events.” ' In this study, through Logistic regression analysis of the clinical
data of women undergoing a second cesarean section, it was found that placenta previa, surgery time, prenatal anemia,
placenta accreta, and uterine atony are independent risk factors for postpartum hemorrhage in these women. Based on

Table 3 Comparison of Clinical Data Between Two Groups in the Validation Group(x =+ s)/[n(%)]

Project Postpartum Hemorrhage Postpartum Non Bleeding tiy? P
Group(n=31) Group(n=189)

Placenta[n(%)] 18(58.06) 10(5.29) 62.109 0.000

Operative time(min) 112.63£15.97 84.08+13.15 10.855 0.000

Prenatal anemia[n(%)] 8(25.81) 9(4.76) 13.722 0.000

Placenta accreta[n(%)] 10(32.26) 7(3.70) 26.581 0.000

Uterine inertia[n(%)] 9(29.03) 5(2.65) 26.848 0.000
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Figure 4 External validation of the hemorrhage nomogram model after the second caesarean section. (A) ROC curve; (B) Calibration curve.

Figure 5 DCA curve.
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these five factors, a nomogram model was established to predict postpartum hemorrhage after a second cesarean section.
This model can provide valuable references for clinical analysis of various influencing factors on the risk of postpartum
hemorrhage in these women, helping to identify high-risk pregnant women, take effective measures, and reduce the
incidence of postpartum hemorrhage after a second cesarean section.

Previous studies have shown that placenta previa is one of the risk factors for postpartum hemorrhage in pregnant
women.'? Research by DeBolt et al'® found that placenta accreta and placenta previa are independent risk factors for
postpartum hemorrhage in parturients. Our study results indicate that placenta accreta and placenta previa are indepen-
dent risk factors for postpartum hemorrhage in women undergoing a second cesarean section, with placenta accreta
contributing 22.6 points and placenta previa 52.1 points in the nomogram model. The likely reason is that placenta
accreta can cause damage to the function of uterine smooth muscle, decrease in cell count, leading to uncoordinated
uterine contraction, thereby increasing the risk of postpartum hemorrhage. Studies have shown that postpartum hemor-
rhage in women undergoing cesarean section is associated with prolonged surgery time. Our study results show that
surgery time is an independent risk factor for postpartum hemorrhage in women undergoing a second cesarean section,
with every 10-minute increase in surgery time adding 9.1 points to the nomogram model score. Coleman et al'* found
that uterine atony is an independent risk factor for postpartum hemorrhage in parturients. Our study results indicate that
uterine atony is an independent risk factor for postpartum hemorrhage in women undergoing a second cesarean section,
contributing 52.5 points in the nomogram model. The possible reason is that uterine atony leads to ineffective
compression of blood vessels by uterine muscle fibers, increasing the risk of postpartum hemorrhage. Our study results
also show that prenatal anemia is an independent risk factor for postpartum hemorrhage in women undergoing a second
cesarean section, contributing 32.9 points in the nomogram model. The likely reason is that prenatal anemia significantly
increases the occurrence of uterine atony, thereby increasing the risk of postpartum hemorrhage. Moreover, the internal
and external validation results show that the AUC for predicting postpartum hemorrhage risk after a second cesarean
section is 0.824 and 0.840, respectively, with the calibration curve’s slope close to 1, and Hosmer-Lemeshow goodness-
of-fit test x’= 7.585, P = 0.250, indicating good calibration and discriminative ability of the predictive model. Further, the
DCA curve shows that the clinical utility of using this nomogram model to predict postpartum hemorrhage after a second
cesarean section is higher when the high-risk threshold probability ranges between 0.06 and 0.8, allowing clinical
healthcare workers to predict the risk of postpartum hemorrhage after a second cesarean section based on various factors
and intervene early.

In summary, this study, based on five risk factors affecting postpartum hemorrhage in women undergoing a second
cesarean section, including placenta previa, surgery time, prenatal anemia, placenta accreta, and uterine atony, has
constructed a nomogram model predicting the risk of postpartum hemorrhage after a second cesarean section with good
accuracy and discriminative ability. However, this study lacks external validation of the postpartum hemorrhage
nomogram, which should be a focus for further in-depth research.

Data Sharing Statement

Data and material are available on request from the corresponding author.
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