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Introduction: We aimed to evaluate the risk factors for the development of deep vein thrombosis (DVT) within one month after 
delivery in pregnant women of advanced maternal age undergoing cesarean section and explore the predictive value of fasting 
coagulation indicators in relation to the development of DVT.
Methods: A total of 176 eligible postpartum women were included in this study. Sixty-seven cases developed DVT within one month after 
delivery (DVT group), while 109 cases did not experience DVT (NDVT group). Within 24 hours after cesarean section, fasting coagulation 
indicators are measured. Coagulation system analysis was performed using the STA-R Evolution fully automated coagulation analyzer.
Results: The women who developed DVT were found to be older, had a higher proportion of women with previous childbirth 
experiences, and had a higher proportion of women with comorbidities. Our results revealed significant differences in the levels of 
activated partial thromboplastin time and prothrombin time between the NDVT group and the DVT group. In contrast, the DVT group 
displayed significantly higher levels of D-dimer, plasma fibrinogen and platelet count when compared to the NDVT group. The AUC 
for the combined test model was substantially higher compared to individual parameters.
Discussion: Multiple parameters of the postoperative coagulation state in the combined test model provided a more accurate 
prediction of DVT occurrence in elderly pregnant women after cesarean section.
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Introduction
Venous thromboembolism (VTE) refers to the abnormal blood coagulation within veins, leading to vessel obstruction and 
impaired venous return. The global incidence of VTE in pregnant women ranges from 0.1% to 0.2%, which is five times 
higher than that in non-pregnant women of the same age, and the incidence increases 60 times in postpartum women.1,2 VTE 
is one of the leading causes of maternal mortality worldwide.3,4 VTE can occur in various veins throughout the body, with both 
deep venous thrombosis (DVT) and pulmonary thromboembolism (PE) having high early morbidity and mortality rates.3,5

In China, it is a cultural practice for postpartum women to undergo a “lying-in” rest lasting around 30 to 40 days after 
giving birth. During the “lying-in” rest period, women aim to spend significant time seated or reclined on the bed. 
However, the previous study found that the highest risk of VTE occurs during the initial three weeks after childbirth.6 In 
addition, the prevalence of pregnancies in advanced maternal age (age above 35 years) has been steadily increasing.7 

Pregnant women with advanced maternal age are more prone to thrombotic events due to physiological changes 
associated with ageing and the increased prevalence of comorbidities.8,9 Cesarean section is also recognized as a risk 
factor for VTE, mainly when performed as an emergency procedure.10,11 Advanced maternal age is usually associated 
with the rate of cesarean delivery.9 Therefore, advanced maternal age, cesarean delivery and the practice of ‘lying-in’ rest 
seem to be risk factors contributing to the pathological basis for the development of VTE.
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In our study, we aimed to evaluate the risk factors for the development of DVT within one month after delivery in 
pregnant women of advanced maternal age undergoing cesarean section. Early prevention, diagnosis and treatment are 
the leading measures to reduce VTE-related maternal deaths. We examined the relationship between fasting coagulation 
indicators, including activated partial thromboplastin time (APTT), prothrombin time (PT), plasma fibrinogen (FIB), 
plasma D-dimer (D-D), platelet count (PLT), and the occurrence of DVT. Furthermore, we aimed to explore the 
predictive value of the combined detection of these indicators in relation to the development of DVT.

Materials and Methods
Inclusion and Exclusion Criteria
Inclusion criteria: women with 1. advanced maternal age, age ≥35 years; 2. full-term pregnancy, after 39 weeks; 3. 
indication for cesarean section and completion of delivery by cesarean section; 4. no history of lower limb surgery within 
the past year; 5. preoperative ultrasonography without lower limb DVT.

Exclusion criteria: women with 1. presence of chronic liver or kidney dysfunction, malignant tumors, or blood disorders; 2. 
history of surgery or trauma within the three months; 3. prior to delivery; 4. receiving medication during pregnancy that affects 
blood clotting function.

Participants
This study was approved by the ethics committee of Shijiazhuang Obstetrics and Gynecology Hospital. Informed consent was 
obtained from all participants and their family members. All methods were performed following the relevant guidelines and 
regulations. The study complies with the Declaration of Helsinki, Ethical Principles for Medical Research Involving Human 
Subjects.

A total of 176 eligible postpartum women enrolled in Shijiazhuang Obstetrics and Gynecology Hospital were included 
in this study. If postpartum women exhibited symptoms such as leg swelling, skin redness, dizziness, or difficulty breathing, 
CT venography was conducted to confirm the presence of DVT. For asymptomatic postpartum women, CT venography was 
performed within one month after delivery to ascertain the presence of DVT. Among the participants, 67 cases developed 
DVT within one month after delivery (DVT group), while 109 cases did not experience DVT (NDVT group).

Measurement
Within 24 hours after cesarean section, fasting coagulation indicators are measured, including activated partial thrombo-
plastin time (APTT, Manassas, VA), PT, plasma FIB, plasma D-D, and PLT. Coagulation system analysis was performed 
using the STA-R Evolution fully automated coagulation analyzer. The analyzed parameters included APTT (reference 
range: 21–37 seconds), PT (reference range: 9–15 seconds), FIB (reference range: 2.00–4.00 g/L), D-dimer (reference 
range: 0–0.50 μg/mL), and PLT measured in the complete blood count (normal range: 100–300 × 109/L).

Statistical Analysis
Statistical analyses were performed by SPSS software (version 22.0, SPSS Inc., USA). The data were presented as mean ± 
standard deviation (SD) or number (n) and proportion (%). Sample size was determined using established statistical power 
analysis tool (power and sample size collection). The prediction value was evaluated by non-parametric receiver operating 
characteristic (ROC) analyses. The area under the curve (AUC) showed diagnostic accuracy. P < 0.05 was considered 
statistically significant.

Results
Univariate Analysis of Clinical Factors for DVT After Delivery
This study included 176 eligible postpartum women, among whom 67 developed DVT within one month after delivery, while 109 
did not develop DVT. A comparison was made between the clinical data of the two groups of women, including age, body mass 
index (BMI) at the time of delivery, gestational age, primiparity (whether it was their first childbirth), multiple pregnancies, history 
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of venous thromboembolism, presence of preeclampsia or gestational diabetes, abnormal blood lipids, and coagulation-related 
indicators.

The results revealed several significant differences between the women who developed DVT and those who did not 
(Table 1). The women who developed DVT were found to be older, had a higher proportion of women with previous childbirth 
experiences, and had a higher proportion of women with comorbidities such as gestational diabetes and preeclampsia. 
Additionally, significant differences were observed in the coagulation-related indicators between the two groups.

Table 1 Univariate Analysis of Clinical Factors for Deep Vein Thrombosis (DVT) 
After Delivery in Elderly Pregnant Women Who Delivered by Cesarean Section

Clinical Factors NDVT (n = 109) DVT (n = 67) p value

Age (years) 38.72 ± 2.24 39.88 ± 2.61 0.004

Antepartum BMI (kg/m2) 27.43 ± 2.48 27.69 ± 2.71 0.216

Gestational weeks 38.58 ± 1.23 38.61 ±1.22 0.814

Parity, %

Primipara 52 (47.7%) 21 (31.3%) 0.041

Multipara 57 (52.3%) 46 (68.7%)

Multiple pregnancy, %

Yes 8 (7.3%) 7 (10.4%) 0.580

No 101 (92.7%) 60 (89.6%)

VTE history, %

Yes 3 (2.8%) 5 (7.5%) 0.262

No 106 (97.2%) 62 (92.5%)

Preeclampsia, %

Yes 15 (13.8%) 21 (31.3%) 0.007

No 94 (86.2%) 46 (68.7%)

Gestational diabetes mellitus, %

Yes 22 (20.2%) 24 (35.8%) 0.033

No 87 (79.8%) 43 (64.2%)

Hyperlipidemia, %

Yes 17 (15.6%) 16 (23.9%) 0.232

No 92 (84.4%) 51 (76.1%)

APTT (s) 29.01 ± 4.13 26.47 ± 5.52 0.002

PT (s) 12.43 ± 1.97 11.12 ± 2.12 < 0.001

Plasma D-dimer (mg/L) 0.38 ± 0.13 0.58 ± 0.28 < 0.001

Plasma FIB (g/L) 3.15 ± 0.61 3.91 ± 0.96 < 0.001

PLT (×109/L) 194.52 ± 52.97 254.48 ± 63.82 < 0.001

Notes: The data presented are mean ± SD or n (percentage). The comparisons of data between 
the two group were done by Mann–Whitney test or Unpaired t-test with Welch’s correction or 
Fisher’s exact test. 
Abbreviations: BMI, body mass index; VTE, venous thromboembolism; APTT, activated partial 
thromboplastin time; PT, prothrombin time; FIB, fibrinogen; PLT, blood platelet count.
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Independent Risk Factors for DVT After Cesarean Section in Advanced Maternal Age
Table 2 presents a multivariate analysis of risk factors for postpartum DVT following cesarean section in elderly pregnant 
women. The occurrence of DVT was used as the dependent variable (DVT = 1, non-DVT = 0), while the variables with 
significant differences identified in Table 1 were treated as independent variables. The aim was to analyze the risk factors 
associated with DVT formation in elderly primiparous women after cesarean section.

The results indicated that being aged 39 years or older, having comorbid preeclampsia, a plasma D-dimer level 
greater than 0.56 mg/L, a plasma fibrinogen (FIB) level exceeding 3.59 g/L, and a platelet count (PLT) higher than 
218.82 × 10^9/L were identified as independent risk factors for postpartum DVT following cesarean section in elderly 
pregnant women.

The result suggests that advanced maternal age, the presence of preeclampsia, elevated levels of plasma D-dimer and 
FIB, and an increased platelet count are associated with an increased risk of DVT formation in this population.

Differences of Coagulation and Platelet-Related Parameters Between DVT and NDVT 
Group
Figure 1 illustrates the comparisons of various coagulation and platelet-related parameters within 24 hours after surgery 
between elderly pregnant women who underwent cesarean section and experienced DVT (DVT) and those who did not 
develop DVT (NDVT). The parameters measured include APTT, PT, D-dimer, FIB and PLT (Figure 1a–e).

The results indicated that the APTT and PT levels were significantly higher in the NDVT group compared to the DVT 
group (p = 0.002, p < 0.001, respectively). Conversely, the DVT group exhibited significantly higher levels of D-dimer, 
FIB and PLT than the NDVT group (p < 0.001).

These findings suggest significant differences in coagulation and platelet-related parameters between elderly pregnant 
women who developed DVT after cesarean section and those who did not.

The Effectiveness of Predicting the Occurrence of DVT Following Cesarean Section in 
Elderly Pregnant Women After Delivery
Figure 2 and Table 3 present the receiver operating characteristic (ROC) analysis of various coagulation and platelet- 
related parameters: APTT, PT, D-dimer, FIB, PLT and their combined test model, for predicting the occurrence of DVT 
after delivery in elderly pregnant women who underwent cesarean section.

Table 2 Multivariate Logistic Analysis for Deep Vein Thrombosis (DVT) 
After Delivery in Elderly Pregnant Women Who Delivered by Cesarean 
Section

OR 95% CI p value

Age more than 39 years old 1.73 1.21 to 3.02 0.012

Multipara 1.25 0.89 to 2.96 0.191

Preeclampsia 1.36 1.08 to 1.71 0.023

Gestational diabetes mellitus 1.19 0.92 to 1.48 0.105

APTT less than 29.15 s 1.45 0.97 to 2.14 0.073

PT less than 11.45 s 1.52 0.94 to 2.83 0.087

Plasma D-dimer more than 0.56 mg/L 2.04 1.35 to 3.79 0.005

Plasma FIB more than 3.59 g/L 2.45 1.29 to 4.86 0.009

PLT more than 218.82 × 109/L 3.13 1.74 to 5.81 0.001

Abbreviations: OR, odds ratio; CI, confidence interval; APTT, activated partial thrombo-
plastin time; PT, prothrombin time; FIB, fibrinogen; PLT, blood platelet count.
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The factors for the combined predictive model were obtained through SPSS analysis and calculated as follows: 
Model ¼ � 0:168� APTT � 0:233� PTþ 6:876� D � Dimerþ 1:602� FIBþ 0:02� PLT. The sensitivity, specifi-
city, and maximum Youden index of the combined test model were determined as 86.57%, 85.32%, and 0.72, 
respectively (Table 3). The ROC analysis results revealed the area under the curve (AUC) for APTT, PT, D-dimer, 
FIB, PLT, and the combined test model to predict the occurrence of DVT in elderly pregnant women after cesarean 
section. The AUC values were found to be 0.64, 0.68, 0.72, 0.75, 0.76, and 0.94, respectively. Notably, the AUC for the 
combined test model was higher than that of APTT, PT, D-dimer, and FIB individually, indicating that the combined test 
model incorporating multiple parameters provided a more accurate prediction of DVT occurrence in elderly pregnant 
women after cesarean section.

Figure 2 ROC analysis of activated partial thromboplastin time (APTT), prothrombin time (PT), plasma D-dimer, plasma fibrinogen (FIB), blood platelet count (PLT) within 
24 hours after surgery and their combined test model for the prediction of deep vein thrombosis (DVT) after delivery in elderly pregnant women who delivered by cesarean 
section.

Figure 1 Comparisons of activated partial thromboplastin time (APTT, a), prothrombin time (PT, b), plasma D-dimer (c), plasma fibrinogen (FIB, d) and blood platelet count 
(PLT, e) within 24 hours after surgery between deep vein thrombosis (DVT) patients (n = 67) and without DVT occurrence (n = 109) after delivery in elderly pregnant 
women who delivered by cesarean section. Data were shown with mean ± SD. p values were calculated from Unpaired t-test with Welch’s correction.
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Discussion
Virchow’s triad believed that blood in a hypercoagulable state, along with endothelial damage and stagnant blood 
flow, can lead to intravascular coagulation, which is the pathological mechanism underlying the occurrence of 
venous thromboembolism.12 During pregnancy and the postpartum period, women experience significant changes in 
their coagulation function and hemodynamics, making this stage a high-risk period for the development of VTE.13 

The postpartum phase already carries an elevated risk of VTE. The cultural practice of extended bed rest during the 
“lying-in” period can intensify the risk of DVT. In addition, the risk of VTE after cesarean section is four times 
higher compared to vaginal delivery, and the risk is even higher for those undergoing emergency cesarean section, 
independent of other VTE risk factors.14 Pregnant women who are of advanced maternal age have a higher 
susceptibility to experiencing thrombotic events. In our study, the women who developed DVT were found to be 
older, had a higher proportion of women with previous childbirth experiences, and had a higher proportion of 
women with comorbidities. We also found several independent risk factors for postpartum DVT following cesarean 
section in elderly pregnant women. These risk factors included being aged 39 years or older, having comorbid 
preeclampsia, a plasma D-dimer level greater than 0.56 mg/L, a plasma FIB level exceeding 3.59 g/L, and a PLT 
higher than 218.82 × 109/L. These findings provided valuable insights into identifying high-risk individuals and 
implementing preventive measures to reduce the occurrence of DVT in elderly pregnant women who undergo 
a cesarean section.

Then, we explored the predictive value of APTT, PT, D-dimer, FIB, PLT and their combined test mode in relation to 
the development of DVT. Our results revealed significant differences in the levels of APTT and PT between the NDVT 
group and the DVT group. In contrast, the DVT group displayed significantly higher levels of D-dimer, FIB and PLT 
when compared to the NDVT group. These results suggest distinct differences in coagulation and fibrinolysis markers 
between the NDVT and DVT groups. A decrease in APTT and PT indicates that the blood is in a hypercoagulable state 
and there is a tendency for blood clot formation.15 The higher levels of APTT and PT in the NDVT group indicate 
a prolonged clotting time and impaired coagulation function, possibly contributing to a reduced risk of developing DVT. 
D-Dimer is currently a widely used specific biomarker in clinical practice for secondary fibrinolysis and clot activation.16 

FIB is one of the leading causes of thrombus formation and is also the highest-concentration coagulation factor in the 
plasma, with its concentration reflecting the blood viscosity.17 The activation of PLT also leads to the release of numerous 
bioactive substances, such as platelet-derived growth factors and platelet aggregation factors, further promoting thrombus 
formation.18 Therefore, the significantly elevated levels of D-dimer, FIB, and PLT in the DVT group suggest increased 
fibrin degradation, higher fibrinogen levels, and potential platelet activation, indicating an ongoing thrombotic process 
and an increased risk of DVT.

The ROC analysis results further revealed the AUC values for APTT, PT, D-dimer, FIB, PLT and the combined test 
model in predicting the occurrence of DVT in elderly pregnant women after cesarean section. The AUC for the combined 
test model was substantially higher than individual parameters (APTT, PT, D-dimer, and FIB), suggesting that 

Table 3 Predictive Values in ROC Analysis

AUC (95% CI) Cut Off p value Sensitivity (%) Specificity (%) Youden Index

APTT 0.64 (0.55 to 0.72) 29.15 0.003 74.63 53.21 0.28

PT 0.68 (0.59 to 0.76) 11.45 < 0.001 59.70 67.89 0.28

Plasma D-dimer 0.72 (0.64 to 0.80) 0.56 < 0.001 46.27 95.41 0.42

Plasma FIB 0.75 (0.67 to 0.82) 3.59 < 0.001 64.18 77.98 0.42

PLT 0.76 (0.69 to 0.84) 218.82 < 0.001 74.63 69.72 0.44

Model 0.94 (0.90 to 0.97) - < 0.001 86.57 85.32 0.72

Note: COMPUTE Model ¼ � 0:168� APTT � 0:233� PTþ 6:876� D � Dimerþ 1:602� FIBþ 0:02� PLT. 
Abbreviations: AUC, area under the curve; CI, confidence interval; APTT, activated partial thromboplastin time; PT, prothrombin time; FIB, 
fibrinogen; PLT, blood platelet count.
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incorporating multiple parameters into the combined test model provided a more accurate prediction of DVT occurrence 
in elderly pregnant women after cesarean section. These findings highlight the potential of the combined test model in 
clinical practice, as it demonstrated superior predictive ability compared to individual coagulation and platelet-related 
parameters. Including multiple factors in the model enhances the overall performance and could aid in identifying elderly 
pregnant women at a higher risk of developing DVT after cesarean section. However, further validation studies are 
necessary to confirm the utility and reliability of the combined test model in larger populations and different clinical 
settings.

Our study has several limitations, the first being the small cohort size. Conducting a more extensive study would 
provide more comprehensive information, allowing for a better understanding. Second, although we mentioned the 
cultural practice of “lying-in” rest as a possible factor contributing to developing DVT in Chinese women, we did not 
document relevant information or conduct specific investigations on this aspect. In future research, it would be beneficial 
to include this factor and explore its potential association with DVT occurrence.

Conclusion
Multiple parameters of the postoperative coagulation state in the combined test model provided a more accurate 
prediction of DVT occurrence in elderly pregnant women after cesarean section.
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