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Objective: Postpartum hemorrhage (PPH) remains the leading cause of maternal mortality globally. Twin pregnancies demonstrate 
significantly higher PPH risk compared to singleton gestations. The predictive capacity for PPH in twin pregnancies requires 
improvement. This study conducted a retrospective analysis of clinical cases involving twin pregnancies delivered by cesarean section 
to determine risk factors for PPH or required hemostatic interventions and to construct a preliminary prediction model. The findings 
aim to enhance clinical anticipation and management of PPH in twin cesarean deliveries.
Methods: This retrospective study analyzed twin pregnancies delivered by cesarean section with live births at Mianyang Central 
Hospital from March 6, 2020 to March 6, 2025. The primary outcome was postpartum hemorrhage, defined as a blood loss 
of≥1000 mL within 24 hours after delivery, or the requirement for hemostatic intervention. Risk factors were identified using logistic 
regression analysis. Based on these factors, a preliminary clinical prediction model was developed, visualized as a nomogram, and 
internally validated.
Results: Multivariate analysis revealed six independent risk factors (all P<0.05): first twin birth weight (P=0.018), second twin 
amniotic fluid depth (P=0.042), prolonged operative time (P=0.008), employed status (P=0.016), placenta implantation (P=0.009), and 
general anesthesia (P=0.019). We developed a clinical nomogram incorporating these six independent risk factors. The prediction 
model demonstrated moderate discriminative ability in the training set (AUC=0.722, 95% CI: 0.656–0.789) and clinically relevant 
predictive value in the validation set (AUC=0.613, 95% CI: 0.503–0.722).
Conclusion: This study successfully identified independent risk factors for postpartum hemorrhage or the need for hemostatic 
intervention in twin cesarean deliveries and preliminarily established a clinical nomogram prediction model, aiming to facilitate early 
detection and management of high-risk populations for bleeding in twin cesarean sections.
Keywords: postpartum hemorrhage, twins, cesarean section, risk factors

Introduction
Postpartum hemorrhage (PPH) constitutes the leading cause of maternal mortality worldwide, accounting for approxi
mately 25% of all maternal deaths. Beyond its life-threatening nature, PPH may precipitate severe complications 
including adult respiratory distress syndrome (ARDS), hemorrhagic shock, disseminated intravascular coagulation 
(DIC), acute renal failure, reproductive disability, Sheehan’s syndrome (pituitary necrosis), and psychological 
trauma.1–3 Postpartum hemorrhage (PPH) is quantitatively defined as blood loss exceeding 500mL following vaginal 
delivery or 1000mL during cesarean delivery. Cesarean delivery carries a significantly higher risk of hemorrhage 
compared to vaginal birth.4 The pathogenesis of postpartum hemorrhage has been clearly established to include four 
main mechanisms: uterine atony, placental factors, coagulation disorders, and birth canal trauma. With the increasing use 
of assisted reproductive technologies and rising maternal age, the incidence of twin pregnancies continues to grow. In 
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twin pregnancies, overstretching of uterine fibers leads to weakened contractions, while the larger placental attachment 
area increases bleeding risk from placental factors, resulting in significantly higher postpartum hemorrhage risk 
compared to singleton pregnancies.5,6 Additionally, twin pregnancies demonstrate a higher rate of cesarean delivery 
and a greater potential for rapid blood loss. These differences reflect fundamentally distinct mechanisms of postpartum 
hemorrhage (PPH), indicating that risk factors for PPH in twins may not be directly extrapolated from models based on 
singleton pregnancy data. Owing to the lack of specialized data, clinical practice and research have frequently been 
compelled to extrapolate conclusions from singleton pregnancies to twin gestations. Current management of postpartum 
hemorrhage (PPH) following twin cesarean deliveries predominantly relies on protocols derived from singleton preg
nancies or adopts reactive measures (initiating intervention only after hemorrhage occurs). This study redirects focus to 
the unique and exacerbated pathophysiological state characteristic of twin pregnancies, specifically examining the 
differential impacts of individual fetal weights and amniotic fluid depth on PPH risk. Collectively, our findings establish 
a critical evidence base for developing twin-specific, proactive risk management protocols.

While Corbetta-Rastelli et al reported that 73.8% of deliveries complicated by postpartum hemorrhage (PPH) lacked 
identifiable risk factors,7 the potentially severe consequences of PPH nevertheless necessitate continued investigation into 
potential predictors. It is essential to identify high-risk women who may benefit from intensified prevention and treatment 
protocols.8 This retrospective cohort study aimed to investigate the independent risk factors for postpartum hemorrhage 
or the need for hemostatic intervention in twin cesarean deliveries and to preliminarily develop a risk prediction model, 
with the ultimate goal of assisting obstetricians in formulating individualized hemostatic strategies.

Materials and Methods
We conducted a retrospective analysis of electronic medical records for 471 twin pregnancies undergoing cesarean 
delivery at Mianyang Central Hospital between March 6, 2020 and March 6, 2025. The final study cohort consisted of 
345 patients, with 241 allocated to the training set and 104 to the validation set, Figure 1. The initial selection of 
variables was based on general demographic characteristics, including maternal height, weight, body mass index (BMI), 
and age. All BMI values were measured within 3 days prior to delivery. Based on established risk factors for postpartum 
hemorrhage (PPH) documented in previous literature, and considering the unique pathophysiological mechanisms of twin 
pregnancies combined with clinical expertise, the following variables were incorporated: occupation, gestational age at 
delivery, gravidity, parity, fetal weight, amniotic fluid volume, maximum vertical pocket, platelet count, hemoglobin, 
fibrinogen, Prothrombin Time - International Normalized Ratio (PT-INR), operative time frame and duration, surgeon 
experience, tocolytic use, aspirin administration, embryo transfer, diabetes, hypertension, premature rupture of mem
branes, intrahepatic cholestasis of pregnancy, uterine fibroids or adenomyosis, placenta previa, placental abruption, 
placenta accreta spectrum, uterine scar, anterior placental attachment, general anesthesia, emergency cesarean delivery, 

Figure 1 Flow chart.
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preterm birth, fetal sex, and neonatal intensive care unit admission. We assessed postpartum blood loss using 
a combination of volumetric collection and gravimetric measurement. The volume of amniotic fluid aspirated by the 
suction device after amniotomy was recorded separately. All ultrasonographic measurements were obtained within 3 days 
prior to delivery. The single deepest pocket (SDP) method was selected over the amniotic fluid index (AFI) due to its 
operational simplicity, reduced susceptibility to subjective interpretation, and enhanced capability to accurately identify 
regional uterine wall tension. Preoperative hematological parameters were collected within 3 days before cesarean 
delivery, while postoperative hemoglobin levels were measured on postoperative day 3 to eliminate the confounding 
effects of hemoconcentration. Postpartum hemorrhage was defined as a blood loss of ≥1000 mL within 24 hours after 
delivery or a postoperative hemoglobin drop of ≥25 g/L. The composite outcome also included the requirement for 
hemostatic intervention, defined as the occurrence of any of the following procedures: uterine artery ligation, intrauterine 
tamponade, blood transfusion, or hysterectomy. Exclusion criteria comprised: cases with substantial missing data, 
gestational age <26 weeks, single or double intrauterine fetal demise, uterine rupture, or severe maternal organ 
dysfunction (including coagulopathy, severe hepatic/renal insufficiency, acute fatty liver of pregnancy, acute pancreatitis, 
severe cardiac disease, heart failure, or respiratory failure). Using a random seed number, the cohort was allocated into 
training (70%) and validation (30%) sets (Figure 1).

We implemented a rigorous statistical modeling protocol for risk factor analysis and predictive model development. 
Potential risk factors were initially screened through univariate logistic regression analysis, with statistically significant 
variables (P < 0.05) subsequently incorporated into multivariate logistic regression models. During the initial modeling 
process, we observed that the factor “emergency cesarean delivery” exhibited a variance inflation factor (VIF) greater 
than 10. To ensure the stability and interpretability of the model results, this variable was excluded from the multivariate 
analysis. Ultimately, independent risk factors for postpartum hemorrhage or haemostatic intervention in twin cesarean 
deliveries were identified. Based on the independent risk factors, we constructed a clinical prediction nomogram to 
visually demonstrate variable weights and their contribution to outcomes. Model predictive accuracy was assessed using 
receiver operating characteristic (ROC) curves, with calculation of the area under the curve (AUC) and 95% confidence 
intervals (CI). Calibration curves and Hosmer-Lemeshow goodness-of-fit tests evaluated the agreement between pre
dicted and observed probabilities. The Hosmer-Lemeshow goodness-of-fit test classifies observations into ten groups of 
equal frequency based on deciles of predicted probabilities. It then computes a chi-square statistic by comparing 
predicted and observed event frequencies across these groups. A nonsignificant result (P > 0.05) suggests good model 
calibration. Decision curve analysis (DCA) was employed to assess clinical net benefit across various decision thresh
olds, thereby determining the model’s clinical utility. All statistical analyses were performed using R statistical software 
(version 4.3.2). Specifically, we utilized the following packages: the “rms” package for logistic regression, nomogram 
construction, and calibration plots; the “pROC” package for generating ROC curves; the “vcdExtra” package for 
conducting Hosmer-Lemeshow tests; and the “dcurves” package for decision curve analysis (DCA) to evaluate the 
clinical net benefit across various thresholds. Statistical tests were two-tailed, with P <0.05 considered statistically 
significant.

Results
The baseline characteristics of the study population, stratified by the presence of postpartum hemorrhage or hemostatic 
intervention, are presented in Table 1. Except for variables such as amniotic fluid volume, use of tocolytics, premature 
rupture of membranes, preterm birth, and anterior placenta, which showed imbalances between the groups, the remaining 
variables were well-balanced. Univariate logistic regression analysis identified several potential risk factors associated 
with postpartum hemorrhage or hemostatic intervention, including fetal weight 1, amniotic fluid depth of fetus 2, total 
amniotic fluid depth, duration of surgery, employment status, placental abruption, placenta accreta, placenta previa, 
general anesthesia, and emergency cesarean delivery, as detailed in Table 2.

After excluding emergency cesarean delivery due to multicollinearity, the remaining variables were incorporated into 
a multivariate regression model for further adjustment. The final multivariate model, also shown in Table 2, revealed that 
fetal weight 1, amniotic fluid depth of fetus 2, duration of surgery, employment status, placenta accreta, and general 
anesthesia were independent risk factors. Among these, general anesthesia demonstrated the strongest association (aOR: 

International Journal of Women’s Health 2025:17                                                                               https://doi.org/10.2147/IJWH.S554953                                                                                                                                                                                                                                                                                                                                                                                                   3643

Lei

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Table 1 Baseline Table

Train Validation P*

PPH, n(%) 92 (38.17%) 38 (36.54%) 0.774

Weight (kg), Median(IQR) 73.00 [67.00;78.00] 73.00 [68.38;77.00] 0.695

BMI (kg/m2), Median(IQR) 28.55 [26.44;30.39] 28.55 [27.15;29.51] 0.878

Age (year), Median(IQR) 30.00 [28.00;33.00] 30.00 [27.00;33.00] 0.537

Gestational weeks (weeks), Median(IQR) 36.00 [34.00;37.00] 36.00 [34.00;37.00] 0.064

Pregnancy count (times), Median(IQR) 2.00 [1.00;3.00] 2.00 [1.00;3.00] 0.485

Delivery count (times), Median(IQR) 2.00 [2.00;2.00] 2.00 [2.00;2.00] 0.537

f1 weight (g), Median(IQR) 2490.00 [2140.00;2730.00] 2405.00 [2050.00;2705.00] 0.377

f2 weight (g), Mean±SD 2348.90±496.80 2265.47 ±460.92 0.145

Weight sum (g), Median(IQR) 4880.00 [4240.00;5390.00] 4810.00 [4102.50;5202.50] 0.171

f1 amniotic fluid (mL), Median(IQR) 500.00 [400.00;500.00] 500.00 [400.00;500.00] 0.008

f2 amniotic fluid (mL), Median(IQR) 500.00 [500.00;600.00] 500.00 [400.00;500.00] 0.027

Amniotic fluid sum, Median (IQR) 1000.00 [850.00;1100.00] 900.00 [800.00;1000.00] 0.002

f1 amniotic fluid depth (cm), Median(IQR) 4.90 [4.30;5.90] 4.90 [4.30;5.62] 0.280

f2 amniotic fluid depth (cm), Median(IQR) 4.90 [4.20;6.00] 4.90 [4.18;5.73] 0.213

Amniotic fluid depth sum (cm), Median(IQR) 9.80 [8.80;11.70] 9.80 [8.47;10.65] 0.053

Baseline platelet (*109/l), Median (IQR) 143.00 [113.00;175.00] 143.50 [113.75;176.25] 0.796

Baseline hemoglobin (g/l), Median (IQR) 120.00 [107.00;130.00] 122.00 [111.50;129.00] 0.412

PT-INR, Median (IQR) 0.97 [0.92;1.01] 0.97 [0.92;1.00] 0.959

Fibrinogen (g/l), Median (IQR) 4.56 [3.97;4.97] 4.57 [4.16;5.10] 0.363

Operative time (minutes), Median (IQR) 55.00 [47.00;66.00] 55.50 [47.00;63.50] 0.756

Night or day, n% 0.052

Day 180 (74.69%) 67 (64.42%)

Night 61 (25.31%) 37 (35.58%)

Surgeon experience, n% 0.497

Low seniority 20 (8.30%) 11 (10.58%)

Senior seniority 221 (91.70%) 93 (89.42%)

f2 gender, n% 0.501

Female 130 (53.94%) 52 (50.00%)

Male 111 (46.06%) 52 (50.00%)

f1 gender, n% 0.520

Female 118 (48.96%) 47 (45.19%)

Male 123 (51.04%) 57 (54.81%)

Used tocolytic agents, n% 10 (4.15%) 10 (9.62%) 0.046

Used aspirin, n% 13 (5.39%) 8 (7.69%) 0.413

Occupation, n% 93 (38.59%) 44 (42.31%) 0.517

After embryo transfer, n% 92 (38.17%) 35 (33.65%) 0.424

Diabetes, n% 73 (30.29%) 28 (26.92%) 0.528

Premature rupture of membranes, n% 49 (20.33%) 35 (33.65%) 0.008

Cholestasis, n% 58 (24.07%) 21 (20.19%) 0.432

Placental abruption, n% 8 (3.32%) 2 (1.92%) 0.719

Preterm birth, n% 134 (55.60%) 72 (69.23%) 0.018

Placental implantation, n% 43 (17.84%) 20 (19.23%) 0.759

Scarred uterus, n% 21 (8.71%) 7 (6.73%) 0.536

Abnormal fetal position, n% 118 (48.96%) 48 (46.15%) 0.632

Hypertension, n% 11 (4.56%) 5 (4.81%) 1.000

Placenta previa, n% 12 (4.98%) 5 (4.81%) 0.946

Uterine fibroids or adenomyosis, n% 7 (2.90%) 2 (1.92%) 0.875

General anesthesia, n% 19 (7.88%) 11 (10.58%) 0.415

Emergency cesarean, n% 18 (7.47%) 11 (10.58%) 0.340

Anterior placenta, n% 167 (69.29%) 58 (55.77%) 0.016

Neonatal intensive care, n% 138 (57.26%) 70 (67.31%) 0.080

Notes: *P value was obtained from the univariate and multivariate association analysis between the two data sets. Categorical variables 
were compared using Pearson’s x2 test. Continuous variables were compared using the Mann–Whitney U-test or T test. 
Abbreviations: PPH, Postpartum hemorrhage; PT-INR, Prothrombin Time-International Normalized Ratio; f1, the first fetus; f2, 
the second fetus.
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3.876, 95% CI: 1.249–12.033; P = 0.019), followed by placenta accreta (aOR: 2.675, 95% CI: 1.276–5.611; P = 0.009). 
Other significant independent risk factors included fetal weight 1 (aOR: 1.001, 95% CI: 1.000–1.001; P = 0.018), amnio
tic fluid depth of fetus 2 (aOR: 1.203, 95% CI: 1.007–1.437; P = 0.042), duration of surgery (aOR: 1.025, 95% CI: 
1.006–1.044; P = 0.008), and employment status (aOR: 2.077, 95% CI: 1.148–3.759; P = 0.016). In contrast, total 
amniotic fluid depth, placental abruption, and placenta previa, which were significant in the univariate analysis, did not 
retain statistical significance after multivariate adjustment.

Based on these factors, we developed a visual scoring tool (nomogram) for individualized assessment of hemorrhage 
risk, Figure 2. The prediction model demonstrated moderate discriminative ability in the training dataset, with an area 
under the receiver operating characteristic curve (AUC) of 0.722 (95% confidence interval [CI]: 0.656–0.789), Figure 3. 
In the validation cohort, the nomogram maintained discriminative capacity with an AUC of 0.613 (95% CI: 
0.503–0.722), Figure 4. In the training set, the Hosmer-Lemeshow goodness-of-fit test revealed satisfactory calibration 
between predicted and observed outcomes (χ²=3.92, df =8, p =0.865), indicating good agreement between predicted and 
actual risks, Figure 5. In the validation set, the test showed no significant deviation (χ²=7.20, df =8, p=0.515), confirming 

Table 2 Univariate and Multivariate Logistic Regression Analysis

Variable Univariate Logistic Regression Analysis Multivariate Logistic Regression Analysis

OR P OR P

f1 weight 1.001(1–1.001) 0.039 1.001(1–1.001) 0.018

f2 amniotic fluid depth 1.221(1.036–1.439) 0.017 1.203(1.007–1.437) 0.042
Amniotic fluid depth sum 1.093(1.003–1.19) 0.042 — —

Operative time 1.024(1.008–1.04) 0.003 1.025(1.006–1.044) 0.008

Occupation 1.738(1.02–2.959) 0.042 2.077(1.148–3.759) 0.016
Placental abruption 5.128(1.012–25.972) 0.048 5.473(0.907–33.011) 0.064

Placental implantation 2.415(1.236–4.717) 0.010 2.675(1.276–5.611) 0.009

Placenta previa 3.452(1.009–11.811) 0.048 3.438(0.889–13.292) 0.073
General anesthesia 3.922(1.435–10.721) 0.008 3.876(1.249–12.033) 0.019

Emergency cesarean 3.575(1.292–9.889) 0.014 — —

Figure 2 Clinical Nomogram for Predicting Postpartum Hemorrhage or Hemorrhage-Associated Intervention in Twin Cesarean Deliveries, with a Total Nomogram Score 
Range of 0 to 200 Points.
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adequate calibration, Figure 6. In the training set, Decision curve analysis (DCA) showed that when the clinical decision 
threshold was set at≥7%, the predictive model provided greater net clinical benefit compared to either treating all or no 
patients, Figure 7. For the validation set, the model exhibited multiple threshold ranges (9–26%, 33–42%, and 82–87%) 
where the model provided net benefit, suggesting clinical utility for risk stratification of postpartum hemorrhage in 
different patient subgroups, Figure 8.

Discussion
Loussert et al found that fetal weight is a risk factor for uterine atony by inducing uterine overdistension, with every 500g 
increase in total birth weight associated with a 36% increased risk.9 Cao et al found that in dichorionic twin pregnancies, 
fetal growth discordance, especially when combined with fetal growth restriction, was associated with an increased risk 
of postpartum hemorrhage after cesarean delivery. They observed an association between placental histological abnorm
alities and birth weight discordance, which may contribute to the mechanism of postpartum hemorrhage.10 Our study 
identified the birth weight of the first delivered twin as a risk factor for postpartum hemorrhage or hemostatic 
intervention in twin cesarean deliveries. This may be related to uterine atony caused by uterine overdistension. 
Additionally, larger fetal size is often associated with greater placental surface area, resulting in more bleeding after 
placental separation. Moreover, obstetricians may need to make larger uterine incisions to deliver larger fetuses, thereby 
increasing the risk of incision-related bleeding.

Figure 3 Receiver operating characteristic (ROC) curves of the nomogram in the training set. 
Abbreviation: AUC, area under the curve.
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Current literature contains limited investigations regarding occupational factors and postpartum hemorrhage risk. 
Watkins et al examined the association between occupational physical exertion and postpartum hemorrhage, demonstrat
ing no statistically significant difference in hemorrhage risk when comparing groups with higher versus lower occupa
tional activity scores.11 Although our multivariate model identified employment status as an independent factor 
associated with the outcome (aOR: 2.077, 95% CI: 1.148–3.759; p = 0.016), the causal pathway underlying this 
association remains unclear. It is unlikely that employment status per se represents a direct biological cause, but rather 
it may serve as a proxy for other unmeasured or residual socioeconomic, nutritional, or psychological confounders—such 
as occupational stress, physical job demands, or access to prenatal care. This finding underscores the potential importance 
of socioeconomic factors in perinatal outcomes and warrants further investigation using more granular data on job type, 
work environment, and social support to better understand the nature of this relationship.

Amniotic fluid volume is rigorously regulated, with disturbances potentially indicating maternal or fetal abnormal
ities. Ultrasonographic assessment of amniotic fluid serves as a real-time monitoring tool for evaluating the maternal- 
fetal-placental unit. Whittington et al found that both polyhydramnios and oligohydramnios were associated with 
increased rates of cesarean delivery and elevated risks of postpartum hemorrhage.12 A meta-analysis demonstrated that 
idiopathic polyhydramnios is associated with an increased risk of perinatal complications, particularly postpartum 
hemorrhage (RR 1.98, 95% CI 1.22–3.22; I² = 84%).13 Aviram et al conducted a retrospective cohort study in singleton 
pregnancies demonstrating that mild polyhydramnios was significantly associated with an increased cesarean delivery 
rate: 12.1% versus 5.1% (OR=2.6, 95% CI 1.7–4.0).14 Another prospective cohort study in singleton pregnancies 
demonstrated significantly elevated risks of postpartum hemorrhage (7.8% vs 2.2%; OR: 1.60; 95% CI: 1.09–2.34) 

Figure 4 Receiver operating characteristic (ROC) curves of the nomogram in the validation set.
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and cesarean delivery (51.11% vs 21.11%; OR: 1.88; 95% CI: 1.42–2.50) in cases with idiopathic polyhydramnios 
(P<0.05).15 The authors proposed that polyhydramnios may lead to uterine overdistension and subsequent uterine atony. 
This study demonstrated that increased amniotic fluid depth in the second twin was associated with higher postpartum 
hemorrhage risk in twin pregnancies. The potential mechanisms may involve uterine atony caused by overdistension and 
greater blood loss from the placental separation surface due to increased traction on the umbilical cord and placenta 
following membrane rupture when amniotic fluid volume is larger.

Previous studies have demonstrated that prolonged operative time during primary cesarean delivery is significantly 
associated with both extended duration of subsequent cesarean procedures and increased risk of postpartum 
hemorrhage.16 Our study identified prolonged operative time as an independent risk factor for postpartum hemorrhage 
(OR 1.025, 95% CI 1.006–1.044; P=0.008). This association may be attributed to factors such as surgeon inexperience, 
prolonged adhesiolysis, and suboptimal hemostatic techniques. Furthermore, hemorrhage itself may necessitate addi
tional time for hemostatic procedures, potentially exacerbating the duration-risk relationship. We recommend maintaining 
surgical quality while minimizing operative time to reduce hemorrhage risk.

Moroz et al reported that accelerated surgical intervention (defined as ≤2 minutes from skin incision to fetal delivery) 
was associated with increased risks of maternal blood transfusion (6.5% vs 1.8%, P<0.01), uterine artery ligation (8.3% 
vs 1.5%, P<0.01), and broad ligament hematoma formation (3.7% vs 0.4%, P<0.01).17 Emergency cesarean delivery was 
the only factor in this study that demonstrated severe multicollinearity. This finding is clinically expected, as emergency 
cesarean sections typically represent management endpoints for various obstetric complications and are inherently 
strongly correlated with multiple pathological conditions. This suggests that the risk associated with emergency cesarean 
delivery is largely attributable to its underlying obstetric indications rather than representing an independent risk factor 

Figure 5 Calibration curves of the nomogram in the training set.
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per se. Consequently, emergency cesarean delivery was excluded from the final model to prevent multicollinearity from 
compromising the stability of parameter estimates.

Multiple studies have identified general anesthesia as a risk factor for postpartum hemorrhage. Volatile anesthetics 
can induce significant uterine relaxation, leading to dose-dependent uterine atony. Furthermore, potential confounding 
cannot be entirely ruled out, as anesthesiologists may preferentially select general anesthesia for patients at higher risk of 
postpartum hemorrhage.4,18,19 In our study, general anesthesia emerged as an independent risk factor for postpartum 
hemorrhage (OR 3.876, 95% CI 1.249–12.033; P=0.019), consistent with previous research findings.

Postpartum hemorrhage has been well-established to be significantly associated with placental abnormalities, includ
ing placenta previa, placental abruption, and placenta implantation, based on previous studies.8,20 Placenta previa 
frequently coexists with placenta implantation. The combination of low placental implantation and thin lower uterine 
segment with poor contractility often leads to inadequate closure of venous sinuses after placental separation. Placental 
abruption may contribute to postpartum hemorrhage through multiple mechanisms: bleeding from the detachment site, 
uterine atony, and coagulation disorders. In our study, placenta implantation was identified as an independent risk factor 
for postpartum hemorrhage or hemostatic Intervention following twin cesarean delivery (OR 2.675, 95% CI 1.276–5.611; 
P=0.009). These findings underscore the critical importance of vigilant clinical management of placental abnormalities 
due to their significant hemorrhagic potential.

Clinically, the integration of risk assessment tools within electronic medical record systems, coupled with automated 
intervention triggers, could significantly enhance diagnostic and therapeutic decision-making capacity.21 This would 
require engineering support to configure the EMR to automatically pull key variables—such as fetal weight, amniotic 
fluid depth, planned anesthesia method, ultrasonographic placental findings, and employment status—from structured 

Figure 6 Calibration curves of the nomogram in the validation set.
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data fields during the perinatal period. A backend calculation engine would then generate individualized risk scores, 
triggering instant clinical decision support alerts. By facilitating early recognition and proactive management, this 
integrated approach aims to improve outcomes and reduce the severity of postpartum hemorrhage.

Strengths and Limitations
This study investigates risk factors for postpartum hemorrhage (PPH) following twin cesarean deliveries and establishes 
a preliminary prediction model, addressing a knowledge gap in current literature which predominantly focuses on 
singleton pregnancies. Utilizing clinically accessible variables, our findings reveal several novel risk factors beyond 
established placental factors and previously reported general anesthesia risks. Specifically, we identified increased fetal 
weight, greater amniotic fluid depth, longer operation duration and maternal occupational status as significant contribu
tors to PPH risk in twin pregnancies. These evidence-based insights provide valuable guidance for clinical decision- 
making. However, this study has several limitations. First, its single-center retrospective design and relatively limited 
sample size (345 cases) may restrict the generalizability and broader applicability of the findings. The performance of our 
preliminary prediction model decreased in the validation set, with the AUC declining from 0.722 to 0.613. Although the 
model demonstrates some clinical relevance, its predictive ability remains limited. Potential reasons may include the 
single-center retrospective design, a relatively small sample size, and insufficient specificity of the predictor variables. 
Additionally, predicting postpartum hemorrhage in twin deliveries remains particularly challenging due to the clinically 
complex and multifactorial nature of this obstetric emergency. The generalizability of the predictive model and risk 
factors identified in this study requires further validation in broader, multi-center prospective cohorts. Future 

Figure 7 Decision curve analysis of the clinical nomogram in the training set.
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investigations should aim to incorporate machine learning methods for integrating multivariate data to develop more 
accurate and individualized risk stratification systems. The inclusion of genetic markers could offer additional predictive 
refinement and enhance clinical applicability.

Conclusion
The present study identified six independent predictors of postpartum hemorrhage following twin cesarean delivery: 
birth weight of the first twin, amniotic fluid depth of the second twin, duration of surgery, maternal occupation, 
presence of placenta accreta, and use of general anesthesia. While these findings are clinically informative and 
generate important hypotheses, the model’s predictive utility requires confirmation in multi-center, prospective studies 
before it can be recommended for widespread clinical application. Consequently, these results should be interpreted as 
a foundation for future research rather than for direct clinical implementation. Ultimately, validating and refining this 
model could help inform targeted surveillance protocols and individualized management strategies for at-risk 
pregnancies, with the goal of reducing hemorrhagic complications and improving perinatal outcomes in twin 
gestations.

Data Sharing Statement
The data that support the findings of this study are available on request from the corresponding author.

Figure 8 Decision curve analysis of the clinical nomogram in the validation set.
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