

[image: image1]
Construction of nomogram model for risk of venous thromboembolism after spine surgery based on thromboelastography and coagulation indices
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Objective: To construct a nomogram model for the risk of venous thromboembolism after spinal surgery based on thromboelastography and coagulation indices and give relevant verification.

Methods: Two hundred seventy-seven patients who underwent spinal surgery for spinal fractures admitted to our hospital were selected as the research subjects. According to whether venous thromboembolism occurred after surgery, they were divided into an occurrence group (confirmed by ultrasound or venography) of 34 cases and an absence group of 243 cases. The related materials, thromboelastograms and coagulation related indicators of the two groups were compared. The influencing factors of venous thromboembolism after spinal surgery were analyzed by univariate and multivariate regression models. Based on the influencing factors, the Nomogram model of venous thromboembolism after spinal surgery was established and its effectiveness was verified.

Results: The proportion of patients whose age was ≥51 years old, the alpha Angle, the coagulation index (CI), the maximum thrombus amplitude (MA) and the levels of serum D-dimer (D–D), fibrinogen (FIB), fibrin degradation products (FDP), and thrombin-antithrombin complex (TAT) in the occurrence group were all significantly higher than those in the non-occurrence group. The clot formation time (K) and coagulation reaction time (R) were all lower than those in the non-occurrence group (P < 0.05). After Logistic multivariate analysis, alpha Angle, K, D-D, FDP, and TAT were all independent influencing factors of venous thromboembolism after spinal surgery (P < 0.05). Based on the independent influencing factors, the nomogram model of venous thromboembolism after spinal surgery was established, and the calibration curve was drawn. The consistency index was 0.838 (95% CI: 0.819–0.898), the goodness of fit test χ2 = 3.679, and P = 0.191 > 0.05. The calibration curve had a high degree of fit with the ideal curve. The clinical decision curve indicates that the net benefit of the prediction model is higher when the threshold probability is 0.1–0.9.

Conclusion: A nomogram model based on alpha Angle, K, D-D, FDP, TAT and other independent influencing factors of venous thromboembolism in patients after spinal surgery has a high degree of fitting and high prediction value.
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1 Introduction

Spinal surgery plays a key role in the treatment of spinal deformity, disc herniation, spinal fractures and other diseases. However, such operations often come with certain complication risks, and venous thromboembolism is a serious and possibly life-threatening one (1). Cutting, pulling and electrocautery of the tissues around the spine during the operation will lead to tissue damage, release a large number of tissue factors and inflammatory mediators, activate exogenous and endogenous clotting pathways, and maintain the blood in a hypercoagulable state. In addition, surgical trauma and postoperative pain will cause stress response of the body, resulting in increased secretion of hormones such as catecholamines and cortisol, which can promote platelet aggregation and the release of coagulation factors to increase the coagulation of blood (2, 3). The incidence of venous thromboembolism (including deep vein thrombosis and pulmonary embolism) after spinal surgery ranges from 0.2 to 13.6%, while the incidence of pulmonary embolism ranges from 0.03 to 2.4% (4). Currently, various methods such as physical and drug prevention are commonly used. However, some patients still form blood clots that affect blood circulation, cause limb swelling and discomfort, increase the risk of pulmonary embolism, affect postoperative recovery, increase medical costs, and lead to long-term complications. Therefore, after spinal surgery, close attention should be paid to changes in the patient's condition, and timely preventive measures and treatment methods should be taken to reduce the risk of thrombosis. Venous thromboembolism is an important complication of all large and time-dependent surgeries, including various orthopedic surgeries and spinal surgeries, which not only may lead to increased medical expenses, but also is an important cause of patient death (5). Anticoagulant therapy is a treatment of deep vein thrombosis, which plays an important role in controlling the development of thrombosis and reducing the risk of pulmonary embolism, but has no significant effect on the formed thrombosis (6, 7). Early prediction of the risk of venous thromboembolism after spinal surgery and timely intervention are of great significance to improve the prognosis and quality of life of patients. Venography is considered as the gold standard for venous thromboembolism, but it belongs to invasive surgery and causes great damage to patients (8). At present, there are a large number of reports on the related factors of venous thrombosis after orthopedic surgery, but the investigation may be incomplete, and there is no reliable prediction model. It has been found that hypercoagulable state of blood is an important risk factor for postoperative venous thromboembolism (9). Thromboelastography and coagulation indicators are commonly used methods for the detection of coagulation function. In this study, 277 patients undergoing spinal surgery in our hospital were taken as the research object. By analyzing the thromboelastogram and coagulation related indicators of patients, and based on this, nomogram model was established in order to diagnose the occurrence of venous thromboembolism after spinal surgery in the early stage and intervene in the treatment in time.



2 Data and methods


2.1 Clinical data

Two hundred seventy-seven patients who underwent spinal surgery for spinal fractures admitted to our orthopedic department were selected as the research subjects, and the selected time period was from July 2022 to May 2024 All patients underwent venous thromboembolism screening and were divided into an incidence group (diagnosed by ultrasound or venography) of 34 cases and a non incidence group of 243 cases based on whether deep vein thrombosis (DVT) occurred in the lower limbs 30 days after surgery. No thrombosis prevention strategy was implemented postoperatively. Inclusion criteria: ① Patients in the group with venous thromboembolism meet the diagnostic and treatment criteria for venous thromboembolism (10); ② Patients undergoing surgical treatment for spinal traumatic lesions, cervical disc herniation, and lumbar disc herniation; ③ Complete clinical data are available; ④ The patient was diagnosed with venous thromboembolism by imaging detection; ⑤ All the fractures were the first one, and there was no previous history of fracture. Exclusion criteria: ① Patients with preoperative thrombosis or a clear diagnosis of venous thromboembolism; ② Obvious abnormalities of liver and kidney function or heart function; ③ Patients who had taken coagulation-related drugs orally in the 2 months before participating in the study; ④ combined with infectious diseases or blood diseases; ⑤ During hospitalization, patients who did not undergo surgery, underwent non spinal surgery, underwent secondary surgical treatment, and had pelvic and lower limb fractures; ⑥ Surgical methods such as vertebral augmentation, bone cement filling, and spinal biopsy. ⑦ Patients with a history of concomitant venous thrombosis.



2.2 Clinical data collection
 
2.2.1 General information

Including gender, fracture site (lumbar, thoracic, and cervical), diabetes history, hypertension history, and age (< 50 years, ≥51 years).



2.2.2 Thrombus elastogram index detection

Perform thromboelastography testing on all patients after surgery, each venous blood sample was collected into a citrate-containing vacuum blood collection tube and analyzed within 2 h. All samples were maintained at room temperature, mixed gently by inverting the tube 5–10 times, and then run simultaneously on a thromboelastogram analyzer (Blood Technology, model TEG 5000). Add 20 μl of calcium chloride (CaCl2) to each cup and remove 360 μl of sample and start analysis immediately. Record relevant indicators of thromboelastography, including clotting time (R value): the time from the time when the blood sample was added into the test cup to the time when the amplitude of the curve opening reached 2 mm, reflecting the results of the comprehensive action of coagulation factors. Clot Forming Time (K-value): The time from the time starting point at which the R time was measured (that is, when clot formation began) to the time required for the trace amplitude to reach 20 mm, representing the rate of fibrin formation. Alpha Angle: It refers to the rate of formation of fibrin, which is positively correlated with the fibrinogen concentration. Maximum thrombus amplitude (MA): It reflects the maximum intensity of a blood clot, and is an indicator for evaluating the robustness of a blood clot.



2.2.3 Coagulation index detection

After surgery, 4 ml of fasting venous blood was taken from the patient, and the upper clear fluid was collected. Within 30 min, coagulation analysis was performed using a blood analyzer (Shenzhen Shangdao Medical Technology Co., Ltd., model: DH36), Coagulation analysis, including activated partial prothrombin time (APTT) and thrombin time (TT), was performed within 30 min using a blood analyzer (Shenzhen Shangdao Medical Technology Co., Ltd., model: DH36). Plasma samples were taken from the subject. Reagent addition: APTT reagents containing contact activators, phospholipids, and calcium ions were added to the platelet-depleted plasma. Reaction conditions: The reaction was conducted at 37°C, with kaolin activation factor and cephalin replacing platelets to provide a catalytic surface for coagulation. Light irradiation: The sample was irradiated with light at a wavelength of 660 nm to observe the coagulation process. Recording time: from reagent addition until complete plasma coagulation, and the required time for recording was APTT value.

Enzyme-linked immunosorbent assay was used to detect the levels of D- dimer (D-D), fibrinogen (FIB), fibrin degradation products (FDP) and thrombin-antithrombin complex (TAT). Sample preparation: 3 ml fasting peripheral venous blood was collected in the morning of our patient, and plasma and serum were separated after centrifugation. Blood samples were collected using EDTA or heparin anticoagulation tubes, centrifuged at 3,000 rpm for 20 min or 1,000 g for 15 min at 4 C, and the supernatant was taken for immediate detection, or stored in a refrigerator at −20°C or −80°C but repeated freezing and thawing should be avoided. Solid phase plate preparation: 200 μl PBS buffer was added into each well of the solid phase plate for one-time plate washing, and then water was removed with absorbent paper. Sample addition and incubation: The samples to be tested, calibrators, and quality controls were added to the corresponding wells and fixed with phase plate for slight vibration to ensure that the solution completely covered the bottom of the wells. The phase plate was sealed and allowed to stand for 1 h while incubated with shaking at room temperature. Wash: Repeat the wash three times, adding 350 μ L of wash buffer each time to each well, and pipette the solution through a pipette or pipette and dry with a clean paper towel. Addition of enzyme conjugate working solution: 5 μL of enzyme conjugate working solution was added to each well site, and the samples were incubated at room temperature for 30 min after membrane sealing by shaking. The washing was repeated three times. Color reaction: 10 μl developer was added to each well and incubated for 15 min at room temperature in the dark. Termination of reaction: Then 5 μL stop solution was added into each well site, after the reaction is complete, measure the levels of D-D, FIB, FDP, and TAT using an enzyme-linked immunosorbent assay (ELISA) reader. Result reading: The optical density (OD) of each well was measured using a microplate reader, and the concentration of each index in the sample was calculated according to the standard curve.

The results were evaluated by at least two experienced hematology and coagulation specialists, who provided transfusion guidance based on the results.




2.3 Statistical methods

SPSS 23.0 was used for statistical analysis. The measurement data conforming to the normal distribution were shown as (?x ± s), and the comparison between groups was examined by independent sample t-test. Count data were expressed as [case (%)], and inter-group comparison was examined by χ2 test. Logistic regression analysis was performed with the occurrence of venous thromboembolism after spinal surgery as the dependent variable (1 = occurrence, 0 = non-occurrence). Nomogram model was established with R software, and Bootstrap self-sampling method was used for internal verification, and the calibration curve was drawn. The goodness-of-fit test was used to evaluate the fit of the model. The clinical net benefits of the nomogram model were analyzed by clinical decision curves. P < 0.05 was considered to be statistically significant.




3 Results


3.1 Comparison of clinical data between the two groups

There was no significant difference in the proportions of gender, fracture site, diabetes history, and hypertension history between the occurrence group and the non-occurrence group (P > 0.05). The proportion of patients with age ≥51 years old in the occurrence group was significantly higher than that in the non-occurrence group (P < 0.05, Table 1).


TABLE 1 Comparison of clinical data between the two groups [Cases (%)].

[image: Table 1]



3.2 Comparison of thromboelastogram indicators between the two groups

Alpha Angle, CI and MA levels in the occurrence group were higher than those in the non-occurrence group, and K and R levels were lower than those in the non-occurrence group (P < 0.05, Table 2).


TABLE 2 Comparison of thromboelastograms between the two groups ([image: image] s).

[image: Table 2]



3.3 Comparison of coagulation indicators between the two groups

The serum levels of D-D, FIB, FDP, and TAT in the Occurrence group were higher than those in the Non Occurrence group (P < 0.05). There was no significant difference in the levels of APTT and TT between the two group (P > 0.05, Table 3).


TABLE 3 Comparison of coagulation indexes between the two groups ([image: image] s).

[image: Table 3]



3.4 Single factor analysis of venous thromboembolism after spinal surgery

Logistic single factor analysis using the statistically significant indicators in Tables 1–3 showed that alpha Angle, CI, K, MA, D-D, FIB, FDP, and TAT were the influencing factors of venous thromboembolism after spinal surgery (P < 0.05, Table 4).


TABLE 4 Univariate analysis of venous thromboembolism after spinal surgery.

[image: Table 4]



3.5 Multivariate analysis of venous thromboembolism after spinal surgery

According to the statistically significant indicators in Table 4 and Logistic multivariate analysis, alpha Angle, K, D-D, FDP, and TAT were the independent influencing factors of venous thromboembolism after spinal surgery (P < 0.05, Table 5).


TABLE 5 Multivariate analysis of venous thromboembolism after spinal surgery.

[image: Table 5]



3.6 Construction of nomogram model

Based on the independent influencing factors, a nomogram model for venous thromboembolism after spinal surgery was established, and the specific integral values of each independent risk factor were calculated according to the values of regression coefficients on the integral line at the top of the nomogram model (with the left endpoint corresponding to 0 point, see Figure 1).


[image: Figure 1]
FIGURE 1
 Nomogram risk prediction model.




3.7 Validation of nomogram model

The occurrence of venous thromboembolism and the independent influencing factors were taken as state variables and test variables, respectively, to draw a calibration curve. The consistency index was 0.838 (95% CI: 0.819–0.898), and the goodness of fit test χ2 = 3.679, P = 0.191 > 0.05. The calibration curve had a high degree of fit with the ideal curve (see Figure 2). The clinical decision curve indicates that the net benefit of the prediction model is higher when the threshold probability is 0.1–0.9 (see Figure 3).


[image: Figure 2]
FIGURE 2
 Calibration curve.



[image: Figure 3]
FIGURE 3
 Clinical decision curve.




3.8 ROC curve analysis of D-D diagnosis of venous thromboembolism after spinal surgery and its clinical value

The ROC curve analysis results showed that the area under the curve (AUC) for D-D diagnosis of venous thromboembolism after spinal surgery was 0.867, with a 95% CI of 0.795–0.939. When the D-Ddut off value was 6.87 mg/L and the maximum Yoden index was 0.622, the sensitivity was 71.11% and the specificity was 91.11% (see Figure 4).


[image: Figure 4]
FIGURE 4
 ROC curve analysis of the clinical value of D-D in diagnosing venous thromboembolism after spinal surgery.





4 Discussion

Venous thromboembolism caused by long-term immobilization is a life-threatening complication after all major orthopedic surgery. It is well-known that any type of surgery may produce a thrombogenic state due to stress and may increase the occurrence of postoperative thrombotic complications (11). According to statistics, the incidence of deep vein thrombosis after spinal surgery is about 0.3%−31% (12). In this study, we found that there were 34 cases of venous thromboembolism after operation among 277 patients undergoing spinal surgery, with the incidence rate of 12.27%, indicating that the incidence of venous thromboembolism after spinal surgery was high, which might be related to the decrease of muscle activity and slow blood flow velocity due to limb immobilization after operation. Therefore, it is necessary to understand the influencing factors of venous thromboembolism after spinal surgery and select the best prediction model for patients to predict the risk of venous thromboembolism at an early stage.

In this study, Logistic analysis showed that alpha Angle, K, D-D, FDP, and TAT were all independent influencing factors of venous thromboembolism after spinal surgery. Alpha Angle refers to the rate of clot formation, reflecting the function of fibrinogen and platelet aggregation ability. A larger alpha Angle means faster clot formation. K value represents the time of clot formation, reflecting prothrombin time and the function of some platelets. The short K value indicates rapid start of coagulation, and represents the effects of coagulation factors, PLT and FIB (13). The increase in alpha Angle and the decrease in K value reflect the over-activation of the coagulation system, resulting in the blood hypercoagulable state, which can both be used as indicators for evaluating the blood hypercoagulable state and fibrinolytic state. The thromboelastogram is based on the measurement of the viscoelastic properties of whole blood samples and various activities during coagulation, which can reflect the real-time tendency of thrombosis (14). Thromboelastography has been used in some studies to assess the risk of thrombosis in patients with colorectal cancer after surgery. It has been found that compared with conventional coagulation indicators, thromboelastography is more advantageous in assessing the risk of thrombosis in patients with colorectal cancer (15). It has been discovered in one study that the alpha Angle was significantly increased and the K was significantly decreased in the elderly patients with deep vein thrombosis of the lower extremities (16). Similar to the results of this study. With the increase of alpha Angle, the K value decreases, and the coagulation function is gradually enhanced. The elasticity of the blood clot is enhanced, and the fibrinolytic time is prolonged, thereby increasing the risk of venous thromboembolism (17). The formation of thromboembolism is often caused by coagulation disorders in patients, so coagulation indicators tend to become an auxiliary diagnostic tool for patients, help to understand the patient's coagulation function, and timely treatment (18). D-D was a degradation product of fibrin, and its increase suggested the existence of hypercoagulable state and hyperfibrinolysis in the body. FDP is involved in the formation and stability of thrombosis, and elevated level can increase blood viscosity. TAT, produced during the formation of fibrin polymer, is a complex formed by the combination of thrombin generation and antithrombin 1:1, which can indirectly reflect the amount of thrombin generated, serving as a marker for the initiation of the coagulation system and further predicting the formation of thrombus and the recurrence of thrombi at an early stage (19, 20). Studies have found that when myocardial infarction, deep vein thrombosis and other diseases occur, the levels of D-D, FDP and TAT are significantly increased, which can be used as useful screening parameters for thrombosis (21, 22). Similar to the results of this study. When the levels of D-D, FDP and TAT are increased, the coagulation function of the body is significantly increased, the activity of tissue plasminogen activator is decreased, and the degradation of fibrin is inhibited, thereby playing a role in promoting thrombosis (23). Tissue damage during spinal surgery will activate the coagulation system, leading to the release of coagulation factors and causing blood hypercoagulability. In addition, the stress caused by the operation causes the release of such hormones as catecholamines, which promotes platelet aggregation and increases blood coagulation. Under the stress state, the function of endothelial cells is damaged and the secreted anticoagulant substances are reduced, further promoting the hypercoagulable state (24). In patients with venous thromboembolism after spinal surgery, targeted treatment measures can be formulated according to the relevant risk factors to adjust the treatment regimen and improve the prognosis of the patient.

Nomogram is an intuitive graphical tool for rapid prediction of risk probability of clinical events, which converts the traditional regression model into a visual risk assessment for each patient, making it practical in clinical application. At present, nomogram has been widely used in the prediction of prognosis of cancer patients (25). In this study, nomogram was applied to the treatment of venous thromboembolism after spinal surgery. First, the more stringent variables were screened out by Logistic multivariate regression model and the nomogram model was established based on these variables. The results showed that the consistency index of the calibration curve of the nomogram model was 0.838 (95% CI: 0.819–0.898), and the model had a high degree of fit. Moreover, the prediction model had a high net benefit value when the value was 0.1–0.9, indicating that the model had a good prediction ability and clinical utility in the risk of venous thromboembolism after spinal surgery. The conclusions of this study have important guiding significance for clinical practice. A study has found that patients undergoing spinal surgery with elevated D-dimer levels, longer surgery times, and cervical spine surgery have a higher risk of developing VTE. Based on this, a column chart is constructed to provide theoretical basis for clinical doctors to prevent VTE (26). First of all, the preoperative detection of thromboelastograms and coagulation indicators can help clinicians to assess the risk of venous thromboembolism in patients after surgery, so as to develop targeted preventive measures. In addition, using the nomogram model, points corresponding to patient parameter values are identified, and based on their position on the graph, the patient's risk level is determined. According to the risk level, patients are classified into different categories such as low-risk, medium risk, and high-risk. Develop corresponding postoperative thrombosis prevention measures for patients with different risk categories. For example, high-risk patients may require more intensive anticoagulant therapy, while low-risk patients may only need to receive routine preventive measures. Compared with the Caprini scoring model, the performance of the new model constructed in this study has higher predictive accuracy and can more accurately identify high-risk patients. Therefore, it will have greater clinical value. In addition, if the new model is simpler and easier to use, it can reduce the workload of clinical doctors and improve evaluation efficiency, which will also be an important advantage. At the same time, if the new model covers more or more comprehensive risk factors for thrombosis, it will be able to more comprehensively assess the risk status of patients and provide more accurate prevention recommendations. This is of great significance for improving the prognosis of patients and reducing the medical burden.



5 Conclusion

In summary, the nomogram model was established based on the independent influencing factors of venous thromboembolism in patients after spinal surgery, such as alpha Angle, K, D-D, FDP, TAT, and the fitting degree was high, and the prediction value was high. However, for a single-center retrospective analysis in this study, there may be selection bias, which limits the universality of the conclusion, and there is a lack of external inflammation from different regions and ethnic groups. Hence, a large-scale and multi-center study can be conducted for further analysis in the later stage to verify the reliability of the conclusion.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by the Ethics Committee of The Fourth Affiliated Hospital of Guangzhou Medical University. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

YH: Conceptualization, Methodology, Writing – original draft. ZW: Data curation, Methodology, Writing – original draft. XiZ: Data curation, Software, Writing – original draft. XuZ: Investigation, Supervision, Writing – review & editing. LG: Conceptualization, Supervision, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Taoka T, Ohmori T, Kanazawa T, Toda K, Ishihara T, Ito Y. Delayed surgery after hip fracture affects the incidence of venous thromboembolism. J Orthop Surg Res. (2023) 18:630. doi: 10.1186/s13018-023-04122-8

 2. Zhuang Q, He Q, Aikebaier A, Chen W, Liu J, Wang D. The risk factors for new-onset calf muscle venous thrombosis after hip fracture surgery. J Pers Med. (2023) 13:257. doi: 10.3390/jpm13020257

 3. Yoon JY, Kim S, Chang JS, Yoon PW, Kim JW. Venous thromboembolism after delayed surgery for a hip fracture: a retrospective cohort study. Geriatr Gerontol Int. (2020) 20:1151–6. doi: 10.1111/ggi.14055

 4. Zhang L, Cao H, Chen Y, Jiao G. Risk factors for venous thromboembolism following spinal surgery: a meta-analysis. Medicine. (2020) 99:e20954. doi: 10.1097/MD.0000000000020954

 5. Yamashita Y, Morimoto T, Kimura T. Venous thromboembolism: recent advancement and future perspective. J Cardiol. (2022) 79:79–89. doi: 10.1016/j.jjcc.2021.08.026

 6. Lobastov K, Dubar E, Schastlivtsev I, Bargandzhiya A. A systematic review and meta-analysis for the association between duration of anticoagulation therapy and the risk of venous thromboembolism in patients with lower limb superficial venous thrombosis. J Vasc Surg Venous Lymphat Disord. (2024) 12:101726. doi: 10.1016/j.jvsv.2023.101726

 7. Hatano M, Nakamura M, Ohbe H, Kitajima I, Isawa K, Yamamoto S, et al. Association between simultaneous bilateral total hip arthroplasty without any anticoagulant or antiplatelet therapy and deep venous thrombosis: a cohort study. Arthroplast Today. (2021) 13:62–8. doi: 10.1016/j.artd.2021.11.004

 8. Jung JH, Kim JK, Kim T, Kim DK. Clinical value of deep vein thrombosis density on lower-extremity CT venography: prediction of pulmonary thromboembolism. Curr Med Imaging. (2023) 5:1–7. doi: 10.2174/1573405620666230405104312

 9. Li R, Chen N, Ye C, Guo L, Wang E, He Z. Risk factors for postoperative deep venous thrombosis in patients underwent craniotomy. Zhong Nan Da Xue Xue Bao Yi Xue Ban. (2020) 45:395–9. doi: 10.11817/j.issn.1672-7347.2020.190300

 10. Middeldorp S, Nieuwlaat R, Baumann Kreuziger L, Coppens M, Houghton D, James AH, et al. American Society of Hematology 2023 guidelines for management of venous thromboembolism: thrombophilia testing. Blood Adv. (2023) 7:7101–38. doi: 10.1182/bloodadvances.2023010177

 11. Wang S, Wu L. Risk factors for venous thrombosis after spinal surgery: a systematic review and meta-analysis. Comput Math Methods Med. (2022) 2022:1621106. doi: 10.1155/2022/1621106

 12. Zhang HR, Xu MY, Yang XG, Wang F, Zhang H, Yang L, et al. Nomogram for predicting the postoperative venous thromboembolism in spinal metastasis tumor: a multicenter retrospective study. Front Oncol. (2021) 11:629823. doi: 10.3389/fonc.2021.629823

 13. Bai CW, Ruan RX, Pan S, Huang CR, Zhang XC, Pang Y, et al. Application of thromboelastography in comparing coagulation difference of rivaroxaban and enoxaparin for thromboprophylaxis after total hip arthroplasty. J Orthop Surg. (2021) 29:23094990211042674. doi: 10.1177/23094990211042674

 14. Walsh M, Moore EE, Moore H, Thomas S, Lune SV, Zimmer D, et al. Use of viscoelastography in malignancy-associated coagulopathy and thrombosis: a review. Semin Thromb Hemost. (2019) 45:354–72. doi: 10.1055/s-0039-1688497

 15. Harahsheh Y, Ho KM. Use of viscoelastic tests to predict clinical thromboembolic events: a systematic review and meta-analysis. Eur J Haematol. (2018) 100:113–23. doi: 10.1111/ejh.12992

 16. Gong C, Yu K, Zhang N, Huang J. Predictive value of thromboelastography for postoperative lower extremity deep venous thrombosis in gastric cancer complicated with portal hypertension patients. Clin Exp Hypertens. (2021) 43:196–202. doi: 10.1080/10641963.2020.1836194

 17. Fan D, Ouyang Z, Ying Y, Huang S, Tao P, Pan X, et al. Thromboelastography for the prevention of perioperative venous thromboembolism in orthopedics. Clin Appl Thromb Hemost. (2022) 28:10760296221077975. doi: 10.1177/10760296221077975

 18. Jin T, Jiang L, Zhang X. Influence of lower extremity deep venous thrombosis in cerebral infarction on coagulation index and thromboelastogram and its risk factors. J Healthc Eng. (2022) 2022:2754727. doi: 10.1155/2022/2754727

 19. Zhang J, Li T, Huang R, Gui R, Chen S. Coagulation and immune function indicators for monitoring of coronavirus disease 2019 and the clinical significance. Zhong Nan Da Xue Xue Bao Yi Xue Ban. (2020) 45:525–9. doi: 10.11817/j.issn.1672-7347.2020.200314

 20. Zheng Y, Hou W, Xiao J, Huang H, Quan W, Chen Y. Application value of predictive model based on maternal coagulation function and glycolipid metabolism indicators in early diagnosis of gestational diabetes mellitus. Front Public Health. (2022) 10:850191. doi: 10.3389/fpubh.2022.850191

 21. Huang L, Deng X, Fan RZ, Hao TT, Zhang S, Sun B, et al. Coagulation and fibrinolytic markers offer utility when distinguishing between benign and malignant gallbladder tumors: a cross-sectional study. Clin Chim Acta. (2024) 560:119751. doi: 10.1016/j.cca.2024.119751

 22. Bao Z, Xu S, Cui G, Qu JM, Liang TY. The relationship between serum coagulation parameters and the recurrence of chronic subdural hematoma. Mol Cell Biochem. (2024) 479:2159. doi: 10.1007/s11010-024-05019-8

 23. Zhou K, Zhang J, Zheng ZR, Zhou YZ, Zhou X, Wang LD, et al. Diagnostic and prognostic value of TAT, PIC, TM, and t-PAIC in malignant tumor patients with venous thrombosis. Clin Appl Thromb Hemost. (2020) 26:1076029620971041. doi: 10.1177/1076029620971041

 24. Chen W, Li Y, Wang W, Xue Y, Qian J, Liu W, et al. Prognostic value of coagulation markers in patients with colorectal cancer: a prospective study. Health Sci Rep. (2024) 7:e1553. doi: 10.1002/hsr2.1553

 25. Qin D, Cai H, Liu Q, Lu T, Tang Z, Shang Y, et al. Nomogram model combined thrombelastography for venous thromboembolism risk in patients undergoing lung cancer surgery. Front Physiol. (2023) 14:1242132. doi: 10.3389/fphys.2023.1242132

 26. Kong WQ, Shao C, Du YK Li JY, Shao JL, Hu HQ, Qu Y, et al. Nomogram for predicting venous thromboembolism after spinal surgery. Eur Spine J. (2024) 33:1098–108. doi: 10.1007/s00586-023-08043-2

Copyright
 © 2024 He, Wang, Zheng, Zhang and Guo. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Construction of nomogram model for risk of venous thromboembolism after spine surgery based on thromboelastography and coagulation indices



		1 Introduction



		2 Data and methods



		2.1 Clinical data



		2.2 Clinical data collection



		2.2.1 General information



		2.2.2 Thrombus elastogram index detection



		2.2.3 Coagulation index detection









		2.3 Statistical methods







		3 Results



		3.1 Comparison of clinical data between the two groups



		3.2 Comparison of thromboelastogram indicators between the two groups



		3.3 Comparison of coagulation indicators between the two groups



		3.4 Single factor analysis of venous thromboembolism after spinal surgery



		3.5 Multivariate analysis of venous thromboembolism after spinal surgery



		3.6 Construction of nomogram model



		3.7 Validation of nomogram model



		3.8 ROC curve analysis of D-D diagnosis of venous thromboembolism after spinal surgery and its clinical value







		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References

















OPS/images/inline_2.gif





OPS/images/inline_1.gif











OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Medicine







OPS/images/fmed-11-1486190-t001.jpg
Group Occurrence Non-

group occurrence
(n = 34) group
(n = 243)
Age (years)
<50 11(32.35) 131 (53.91) 5548 | 0019
>51 23 (67.65) 112 (46.09)
Gender (%)
Woman 18 (52.94) 114 (4691) 043¢ | 0510
Man 16 (47.06) 129 (53.09)

Fracture site (%)

Lumbar 16 (47.06) 123 (50.62) 0534 | 0766
vertebra

Sternal 13 (38.24) 78 (32.10)

vertebra

Cervical 5(14.71) 42(17.28)

vertebra

Diabetes history (%)

Be 5(14.71) 34/(13.99) 0013 | 0911
No 29(85.29) 209 (86.01)

History of hypertension (%)

Be 19 (55.88) 108 (44.44) 1.572 0.210

No 15 (44.12) 135 (55.56)

X2 represents the statistical test of count data between two groups.





OPS/images/fmed-11-1486190-t002.jpg
Occurrence Non-
group occurrence
(n = 34) group
(n=243)

Alpha angle 80.99 £6.73 67.2645.84 12.594 | <0001
e 1.93 £ 0.69 1.08 £0.15 13.737 | <0001
K (min) 0.73 £0.26 1.22+037 7463 | <0.001
MA (mm) 69.27 £6.29 5239+5.74 15871 | <0.001
R (min) 3.12£0.56 3.96 £ 0.59 7822 | <0.001

t represents the statistical test of data between two groups.






OPS/images/fmed-11-1486190-g003.gif





OPS/images/fmed-11-1486190-g004.gif
00
00 02 04 06 08 10
1-Specificity (FPR)





OPS/images/fmed-11-1486190-t005.jpg
Index SE Wald P OR 95% ClI
Alpha angle 1341 0389 11.884 <0.001 3823 1.784-8.191
K —1.147 0422 7.388 0035 0318 0.139-1.377
D-D 2190 0663 10911 <0.001 8935 2.438-32.753
EDP 0787 0233 11.409 <0.001 2197 1.391-3.496
TAT 3859 1.043 13.689 <0.001 47.418 6.141-366.134

B, regression coefficient; SE, standard error; WALD, calculate the ratio of regression coefficients to their standard errors; P, P-value; OR, ratio ratio.





OPS/images/fmed-11-1486190-t003.jpg
Group Occurrence Non-
group occurrence
(n=34) group
(n = 243)

APTT (s) 2592+ 5.41 24.85£5.29 1102 | 0272
D-D (mg/L) 953 £2.30 549+ 1.24 15649 | <0.001
FIB (g/L) 419+ 112 378+ 1.09 2047 | 0042
FDP (ug/mL) 8.6942.17 1.57 £ 0.55 42.649 <0.001
TAT (png/L) 10.53 £3.17 4.74 £ 1.53 17.498 <0.001
TT () 19.07 £5.30 18.47 £ 4.39 0767 | 0468

t represents the statistical test of data between two groups.






OPS/images/fmed-11-1486190-t004.jpg
Index SE Wald P OR 95% Cl
AGE 1.925 0.793 5.893 0.067 6.855 1.449-32.427
Alpha angle 1113 0.258 18.610 <0.001 3.043 1.835-5.048
Cl 0.726 0.249 8.501 0.005 2.067 1.269-3.367
K —1.069 0.266 16.151 <0.001 0.343 0.204-0.578
MA 1210 0.396 9.336 <0.001 3.353 1.543-7.286
R —0.862 0.355 5.896 0.066 0.422 0.211-0.847
D-D 2.083 0.464 20.153 <0.001 8.029 3.235-19.925
FIB 0.825 0327 6.365 0.047 2282 1.202-4.332
FDP 0.875 0.298 8.622 0.003 2.399 1.338-4.302
TAT 3.258 1123 8.417 0.004 25.997 2.878-234.862

B, regression coefficient; SE, standard error; WALD, calculate the ratio of regression coefficients to their standard errors; P, P-value; OR, ratio ratio.






OPS/images/cover.jpg
@ frontiers | Frontiers in Medicine

Construction of nomogram
model for risk of venous
thromboembolism after spine
surgery based on
thromboelastography and
coagulation indices





OPS/images/fmed-11-1486190-g001.gif
voins

Noha Mrgle

wr

Total score

Risk

LA s w28 o 9>
o0
EREEEEE]
2 . w0
LA T





OPS/images/fmed-11-1486190-g002.gif





