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Purpose: To determine the incidence and risk factors of deep vein thrombosis (DVT) of lower extremities at admission in elderly Chinese patients with femoral neck fracture, and to establish and evaluate a new DVT predictor based on these risk factors.



Methods: Patients who were hospitalized from January 2018 to December 2020 at three independent centers were reviewed. According to the results of lower extremities vascular ultrasound at admission, they were divided into DVT group and non-DVT group. Single and multivariate logistic regression analysis were applied to identify independent risk factors for DVT occurrence, and then a prediction formula for DVT based on the risk factors was developed. The new predictive index of DVT was calculated by the formula. Receiver operating characteristic (ROC) curve analysis was used to determine the diagnostic value of different factors and the new predictive index.



Results: There were 203 elder patients were included in the final analysis after application of the exclusion criteria. Thirty seven patients (18.2%) were diagnosed as DVT by ultrasound, including 33 patients (89.2%) of peripheral type, 1 patient (2.7%) of central type and 3 patients (8.1%) of mixed type.Multivariate logistic regression analysis showed that four factors including injured side, hemoglobin, fibrinogen, d-dimer were the independent risk factors for the incidence of DVT. On this basis, a new formula for DVT predictive factor was constructed: New predictive index = 0.895 * injured side (right = 1, left = 0) + 0.899 * hemoglobin (<109.5 g/L = 1, > 109.5 g/L = 0) + 1.19 * fibrinogen (>4.24 g/L = 1, < 4.24 g/L = 0) + 1.221* d-dimer (>2.4 mg/L = 1, < 2.4 mg/L = 0). The AUC value of this new developed index was 0.735.



Conclusions: This work showed that the incidence of DVT in elderly patients with femoral neck fracture in China was high at admission. New DVT predictive value can be used as an effective diagnosis strategy for evaluation of thrombosis at admission.
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Introduction

Due to the increased bone fragility and impaired walking ability in the elderly (1), femoral neck fractures are becoming more common (2). With the aging of the population, the number of elderly patients with femoral neck fractures caused by trauma who need surgery has increased significantly (3). Lower extremities deep venous thrombosis is one of the common complications of lower extremity trauma. Dislodgment of thrombus can lead to pulmonary embolism (PE), which is the third most common cause of death in patients who survive within 24 h after trauma (4). DVT or PE is one of the most serious complications in patients with femoral neck fracture, which can increase the perioperative mortality (5, 6). Early operation in patients with femoral neck fractures can reduce the risk of perioperative complications and death (8). However, we had to extend the patient's preoperative waiting time to conduct anticoagulation therapies if the patient had DVT of lower extremities. The diagnosis of DVT is mainly through plasma markers, vascular ultrasound and venography (9). Although venography is the gold standard for the diagnosis of venous thromboembolism (10), its application is limited in clinical work ascribed to the invasiveness and unrepeatability. In recent years, ultrasonography has become more and more popular in clinic (11) because of the characteristic of non-invasiveness and repeatable examination. However, ultrasound examination needs to adjust the body position, which is not suitable for all patients with fracture, especially those with hip neck fracture. Moreover, the accuracy of ultrasonography is also affected by the professional knowledge of the executive physician.

As the final product of plasmin mediated degradation of cross-linked fibrin, d-dimer is a plasma marker with certain significance for patients with suspected DVT (12). However, the low specificity of d-dimer induced the dispute of the diagnostic value of D-dimer in elderly patients. Recently, some studies suggested that D-dimer and age were the risk factors of hip fracture and lower extremities venous thrombosis, and established a prediction model (7). However, the prediction model was fabricated based on the patients with femoral neck fracture and femoral intertrochanteric fracture. It has reported that intertrochanteric fracture itself is a risk factor for DVT of lower extremities (4). And the risk of DVT in patients with intertrochanteric fracture is 2.5 times than that of femoral neck fracture (4). Therefore, it is of great clinical significance to clarify the incidence and risk factors of lower extremities deep venous thrombosis in patients with femoral neck fracture. Furthermore, the fabrication of a predictive method based on risk factors for DVT for the preoperative diagnosis of DVT of lower extremities in patients with femoral neck fractures is significant for clinical management of thrombotic patients.

This study aimed to identify the incidence and risk factors of lower extremities DVT in elderly patients with femoral neck fractures in China, and to establish and evaluate a new index of DVT based on the risk factors to help clinicians reduce the misdiagnosis rate of DVT.



Materials and methods

This study was a retrospective survey conducted at three medical centers. We retrospectively reviewed all elderly patients with femoral neck fractures identified by hip x-ray and/or 3D CT scans at Fujian Medical University Union Hospital, Fujian Provincial Hospital, and Fuzhou General Hospital. Inclusive criteria: unilateral femoral neck fractures and closed fractures caused by low energy trauma (falling from standing height) of the patients aged 60 or above. The exclusion criteria were high-energy injuries, open fractures, multiple fractures, history of thromboembolic events, delayed or without ultrasound (more than 14 days after fracture of the lower extremity), previous history of hip surgery, anticoagulation therapy (such as aspirin, heparin, and low-molecular-weight heparin) 7 days before fracture, and incomplete medical history. The sampling procedure of all the elderly patients with femoral neck fractures in this study was shown in Figure 1.


[image: Figure 1]
FIGURE 1
The sampling procedure used for all elderly patients with femoral neck fracture in this study.


Inpatient record systems are used to retrieve patient data, including demographics (age, sex, side of injury, time from injury to ultrasound), medical history (cerebrovascular disease, malignant tumor), comorbidities (including hypertension, diabetes, arrhythmias, renal insufficiency, Parkinson's disease and coronary heart disease), laboratory tests (neutrophils count, lymphocyte count, hemoglobin, platelets, albumin, cholesterol, HDL, fibrinogen and d-dimer). According to the Rabinov criteria (14), DVTs of lower extremities are divided into central, peripheral and mixed types. DVTs of lower extremities involving popliteal vein and/or deep vein above popliteal vein (superficial femoral vein, deep femoral vein, and common femoral vein) are central DVTs. Peripheral DVTs occur when thrombus occur in anterior and/or posterior tibial veinand/or peroneal vein and/or muscular calf veins of the leg. Both of them are mixed. The patients were divided into DVT group and non-DVT group according to the results of bilateral lower limb vascular Doppler ultrasonography at admission.


Statistical analysis

All analyses were performed using SPSS 25.0 (SPSS, IBM, Armonk, New York, United States). Continuous variables are represented by mean and standard deviation (SD), and evaluated by T test. Categorical variables are expressed as proportion (%), using χ2 test or Fisher exact test to assess. Considering the significance and simplified calculation in clinical practice, the receiver operating characteristic (ROC) curve was used to determine the optimal critical value of quantitative data. Single logistic regression analysis was used to determine which independent variables had significant differences between the two groups. Variables tested as approximately significant (P < 0.05) in univariate analysis were included in multivariate models to identify independent risk factors for DVT occurrence and the coefficient regression (CR) of the related independent variables. The predictive index of DVT is calculated by coefficient regression and independent variable formula. The best critical value of quantitative data, the sensitivity and specificity of quantitative data and the diagnostic value of relevant factors were determined by using receiver operating characteristic curve (ROC). The statistical test level is set to P < 0.05.




Results

A total of 203 elderly Chinese patients with femoral neck fractures (66 males and 137 females) were included in this study. Based on the results of bilateral lower extremities vascular ultrasound, they were divided into two groups: DVT group and none DVT. The demographics of the patients were shown in Table 1. In the study, 37 patients were diagnosed with DVTs of lower extremities by ultrasound. The admission incidence of DVT was 18.2%. Of these 37 patients with DVT, 33 (89.2%) had peripheral DVTs, 1 (2.7%) had central DVTs, and 3 (8.1%) had mixed DVTs.


TABLE 1 Comparison between with DVT and without DVT patients with femoral neck fractures.
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In univariate analysis, injury side (right), hemoglobin (<109.5 g/L), platelet (<145.5 × 109), fibrinogen (<4.24 g/L), d-dimer (>2.4 mg/L), and age (>72) were significantly associated with DVT (P < 0.05) in elderly patients with femoral neck fractures (Table 2). Multivariate logistic regression analysis (Table 3) confirmed that the 4 significant risk factors for DVT in elderly patients with femoral neck fractures were: injured side (right) (OR: 2.448, P = 0.029), hemoglobin (<109.5 g/L) (OR: 2.457 P = 0.044), fibrinogen (>4.24 g/L) (OR: 3.288, P = 0.009), and d-dimer (>2.4 mg/L) (OR: 3.391, P = 0.017). Therefore, injured side (right, OR: 2.448), hemoglobin (<109.5, OR: 2.457), fibrinogen (>4.24 g/L, OR: 3.288), and d-dimer (>2.4 mg/L, OR: 3.391) can be used to predict the occurrence of DVT at admission in elderly patients with femoral neck fractures in China. The new DVT predictive index is calculated according to the following formula: new predictive index = 0.895 * injured side (right) + 0.899 * hemoglobin (<109.5 g/L) + 1.19 * fibrinogen (>4.24 g/L) + 1.221 * d-dimer (> 2.4 mg/L).


TABLE 2 Univariate analysis of admission DVT in elderly patients with femoral neck fracture.
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TABLE 3 Multivariate analysis of admission DVT in elderly patients with femoral neck fracture.
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According to the developed predictive formula, the new predictive value of DVT group (2.59 ± 1.04) was higher than that of non-DVT group (1.78 ± 0.81) with significant difference. ROC curve was used to analyze the diagnostic value of these risk factors. The ROC curves of each factor were shown in Figure 2. The value of the area under the ROC curves (AUC) indicate the diagnostic value of the predictors. The AUC value of the new DVT predictive index was 0.735, which was highest among the factors. Youden index was used to calculate the diagnostic threshold of these predictors. The diagnostic threshold of the new predictor was 2.70, the sensitivity was 51.4%, and the specificity was 89.8%. The sensitivities of injured side (right) (OR: 2.448), hemoglobin (<109.5 g/L) (OR: 2.457), fibrinogen (>4.24 g/L) (OR: 3.288), and d-dimer (>2.4 mg/L) (OR: 3.391) were 62.2%, 37.8%, 59.5% and 81.1% respectively; the specificity was 57.2%, 83.7%, 60.2% and 36.1% respectively; and the AUC value was 0.597, 0.608, 0.599 and 0.586 respectively. (Table 4).
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FIGURE 2
ROC curves for the diagnosis of DVTs based on AUC (the area under the curve).



TABLE 4 The ROC results of different factors.
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Discussion

Among the patients with hip fractures, 8%–34.9% had preoperative deep venous thrombosis, which may be as high as 62% in patients with delayed surgery (25). Older patients are also at high risk of thrombosis because of their physiological characteristics (27). About 90% of symptomatic pulmonary embolism cases originate from DVT (15) in the lower extremities, which seriously threatens the safety of patients, so it is necessary to detect DVT before operation. If preoperative DVT is not detected and managed promptly in elderly patients with femoral neck fractures, deep venous thrombosis of the lower extremities may become larger and fall off during blows and bedridden postoperatively, which may subsequently lead to PE (16), a serious postoperative complication after total hip arthroplasty (THA) and a common cause of postoperative death, accounting for between 0.1% and 0.5% of patients after THA (17). Therefore, prophylactic anticoagulation is often required to prevent the development of DVT in elderly patients with femoral neck fractures upon admission (13). However, if DVT is diagnosed at admission, the dose of anticoagulants needs to be adjusted in a timely manner (18). Therefore, despite the limitations of these diagnostic tools, all elderly patients with femoral neck fractures need to undergo lower extremities venography or ultrasonography. There is no convenient tool to diagnose DVTs of the lower extremities.

In this study, we calculated 4 significant risk factor coefficients by multiple logistic regression using the common and rapid laboratory results and related case data after admission, which has high specificity and clinical significance. Paik B et al.'s study suggests that right iliac artery compression of left iliac vein may lead to higher left lower limb DVT (19), and we found that patients with right femoral neck fractures were 2.4 times more likely to have lower extremity venous thrombosis than patients with left femoral neck fractures, possibly due to the presence of both trauma and compression in these patients, which needs to be validated in further studies.

Previous studies have shown that low hemoglobin level may be a risk factor for venous thrombosis of the lower extremities in patients with intertrochanteric femoral fractures (20, 25), and that anemia also increases the risk of venous thrombosis of the lower extremities in elderly patients with femoral neck fractures (21). Optimizing preoperative hemoglobin level reduces anemia and adverse outcomes after total joint replacement. However, some studies have pointed out that the preoperative and postoperative hemoglobin values are not related to the prognosis of patients (26). The possible explanation may be that we excluded factors affecting preoperative hemoglobin such as high-energy injury, open fracture and multiple fractures. Some studies have shown that postoperative fibrinogen, a glycoprotein synthesized in the liver and involved in coagulation, is associated with an increased risk of venous thrombosis (4, 22, 25). Fibrinogen promotes platelet aggregation and the growth, proliferation and contraction of smooth muscle and endothelial cells, increases blood viscosity and peripheral resistance, causes endothelial cell damage and thus accelerates thrombosis (23, 25). Therefore, monitoring the level of fibrinogen is of clinical significance for the diagnosis of cardiovascular diseases and the screening of thrombosis. Plasma d-dimer level is an important marker of fibrinolytic activity, reflecting high coagulation and fibrinolytic activity. A d-dimer of 500 ng/mL had a sensitivity of 90%–100% for the diagnosis of DVT, but the specificity is low (4). It is susceptible to a variety of factors, including age, inflammation, malignancy and post-traumatic stress (24). The optimal critical value for the d-dimer level was 2.4 mg/L, and the risk of DVT exceeding this value increased significantly and was not affected by multivariate variables. But its specificity of 36.1% was still low. While, the factor of d-dimer can be used as an auxiliary factor to improve diagnostic accuracy. Using the formula (new predictive index = 0.895 * injured side (right) + 0.899 * hemoglobin (<109.5 g/L) + 1.19 * fibrinogen (>4.24 g/L) + 1.221 *d-dimer (>2.4 mg/L.)) to calculate the DVT index, the sensitivity was 51.4%, the specificity was 89.8%, and the AUC value was 0.735.

Overall, we used a multicenter sample to analyze multiple possible risk factors with significant impact and to identify incidence and risk factors for DVT in elderly patients with traumatic femoral neck fractures, which will facilitate the clinical management of these patients. In addition, a formula derived from these risk factors can be used to assist in the preoperative diagnosis of femoral neck fractures and to identify the risk of DVTs quickly. For elderly patients with multiple high-risk factors, we recommend lower extremity ultrasound examination to early diagnose thrombus and timely anticoagulant treatment. Finally, the risk factors included in the final formula are clearly defined and easy to collect, and have certain practicability.

This study has several limitations. First, retrospective design has inherent limitations in the accuracy of data collection, and the number of cases included is small. Second, as with other multivariate analyses, we cannot include all confounding factors, and the remaining confounding is still a problem. Third, some key variables that are important to the development of DVT are not available, including BMI (body mass index). Fourth, the accuracy of ultrasonography in the diagnosis of DVT may be lower than that of venography. Therefore, further large-scale clinical studies and prospective studies are needed to strengthen our findings.



Conclusions

In conclusion, our results suggested that in elderly patients with traumatic femoral neck fractures, the incidence of DVT was higher at admission based on ultrasound results, reaching 18.2%, which was consistent with previous studies. Our study also showed that independent risk factors such as right femoral neck fracture, anemia, high d-dimer and fibrinogen levels were associated with an increased risk of DVT in elderly patients with femoral neck fracture. Using multivariate logistic regression analysis, our study defined a new index for diagnosing DVT based on risk factors with the AUC value of 0.735. This index may be helpful for clinicians to diagnose venous thrombosis of lower limbs.



Data availability statement

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



Ethics statement

This observational study was approved by Fujian Medical University Union Hospital Ethics Committee. The data are anonymous, and the requirement for informed consent was waived according to the ethical review requirements.



Author contributions

WC and ZS: contributed to the conception of the study. QL, XB, JH: collect the patients’ data. WC: contributed significantly to analysis and manuscript preparation. WC and ZS: performed the data analyses and wrote the manuscript. SW and MC: helped perform the analysis with constructive discussions. All authors contributed to the article and approved the submitted version.



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. Ramchand SK, Seeman E. Advances and unmet needs in the therapeutics of bone fragility. Front Endocrinol. (2018) 9:505. doi: 10.3389/fendo.2018.00505

2. Loggers S, Van Lieshout E, Joosse P, Verhofstad M, Willems HC. Prognosis of nonoperative treatment in elderly patients with a hip fracture: a systematic review and meta-analysis. Injury. (2020) 51(11):2407–13. doi: 10.1016/j.injury.2020.08.027

3. Ma Y, Wu J, Xue J, Lan F, Wang T. Ultrasound-guided continuous fascia iliaca compartment block for pre-operative pain control in very elderly patients with hip fracture: a randomized controlled trial. Exp Ther Med. (2018) 16(3):1944–52. doi: 10.3892/etm.2018.6417

4. Zuo J, Hu Y. Admission deep venous thrombosis of lower extremity after intertrochanteric fracture in the elderly: a retrospective cohort study. J Orthop Surg Res. (2020) 15(1):549. doi: 10.1186/s13018-020-02092-9

5. Feng L, Xu L, Yuan W, Xu Z, Feng Z, Zhang H. Preoperative anemia and total hospitalization time are the independent factors of preoperative deep venous thromboembolism in Chinese elderly undergoing hip surgery. BMC Anesthesiol. (2020) 20(1):72. doi: 10.1186/s12871-020-00983-2

6. Halvorsen M, Lin Y, Sampson BA, Wang D, Zhou B, Eng LS, et al. Whole exome sequencing reveals severe thrombophilia in acute unprovoked idiopathic fatal pulmonary embolism. EBioMedicine. (2017) 17:95–100. doi: 10.1016/j.ebiom.2017.01.037

7. Xing F, Li L, Long Y, Xiang Z. Admission prevalence of deep vein thrombosis in elderly Chinese patients with hip fracture and a new predictor based on risk factors for thrombosis screening. BMC Musculoskelet Disord. (2018) 19(1):444. doi: 10.1186/s12891-018-2371-5

8. Gan L, Zhong J, Zhang R, Sun T, Li Q, Chen X, et al. The immediate intramedullary nailing surgery increased the mitochondrial DNA release that aggravated systemic inflammatory response and lung injury induced by elderly hip fracture. Mediat Inflamm. (2015) 2015:587378. doi: 10.1155/2015/587378

9. Kawai T, Kuroda Y, Goto K, Matsuda S. Does prophylactic administration of edoxaban increase d-dimer levels after total hip arthroplasty? J Clin Med. (2019) 8(5):678. doi: 10.3390/jcm8050678

10. Li Z, Ni J. Role of microRNA-26a in the diagnosis of lower extremity deep vein thrombosis in patients with bone trauma. Exp Ther Med. (2017) 14(5):5069–74. doi: 10.3892/etm.2017.5183

11. Kraaijpoel N, Carrier M, Le Gal G, McInnes M, Salameh JP, McGrath TA, et al. Diagnostic accuracy of three ultrasonography strategies for deep vein thrombosis of the lower extremity: a systematic review and meta-analysis. PLoS One. (2020) 15(2):e0228788. doi: 10.1371/journal.pone.0228788

12. Xie X, Liu C, Lin W, Zhan B, Dong C, Song Z, et al. Deep vein thrombosis is accurately predicted by comprehensive analysis of the levels of microRNA-96 and plasma D-dimer. Exp Ther Med. (2016) 12(3):1896–900. doi: 10.3892/etm.2016.3546

13. Kearon C, Akl EA, Comerota AJ, Prandoni P, Bounameaux H, Goldhaber SZ, et al. Antithrombotic therapy for VTE disease: antithrombotic therapy and prevention of thrombosis, 9th ed: american college of chest physicians evidence-based clinical practice guidelines. Chest. (2012) 141(2 Suppl):e419S–96S. doi: 10.1378/chest.11-2301

14. Rabinov K, Paulin S. Roentgen diagnosis of venous thrombosis in the leg. Arch Surg. (1972) 104(2):134–44. doi: 10.1001/archsurg.1972.04180020014004

15. Kodama J, Seki N, Fukushima C, Kusumoto T, Nakamura K, Hiramatsu Y. Postoperative decreased levels of D-dimer in patients with gynecologic cancer with enoxaparin and fondaparinux thromboprophylaxis. Mol Clin Oncol. (2013) 1(4):737–44. doi: 10.3892/mco.2013.120

16. Tajima H, Kaneshiro T, Takenoshita N, Ichikawa T, Isshiki S, Murata S, et al. Endovenous treatment for acute massive pulmonary thromboembolism. Ann Vasc Dis. (2017) 10(4):338–44. doi: 10.3400/avd.ra.17-00082

17. Su EP, Chatzoudis N, Sioros V, Go G, Sharrock NE. Markers of thrombin generation during resurfacing and noncemented total hip arthroplasty: a pilot study. Clin Orthop Relat Res. (2011) 469(2):535–40. doi: 10.1007/s11999-010-1659-z

18. Lv YL, Guan N, Ding J, Yao Y, Xiao HJ, Zhong XH, et al. Spectrum of thrombotic complications and their outcomes in Chinese children with primary nephrotic syndrome. Ital J Pediatr. (2020) 46(1):182. doi: 10.1186/s13052-020-00942-0

19. Paik B, Joh JH, Park HC. Anatomic and clinical risk factors for pulmonary embolism in patients with deep venous thrombosis of the lower extremity. Ann Surg Treat Res. (2017) 92(5):365–9. doi: 10.4174/astr.2017.92.5.365

20. Fan J, Zhou F, Xu X, Zhang Z, Tian Y, Ji H, et al. Clinical predictors for deep vein thrombosis on admission in patients with intertrochanteric fractures: a retrospective study. BMC Musculoskelet Disord. (2021) 22(1):328. doi: 10.1186/s12891-021-04196-7

21. Chaudhry YP, MacMahon A, Rao SS, Mekkawy KL, Toci GR, Oni JK, et al. Predictors and outcomes of postoperative hemoglobin of <8 g/dl in total joint arthroplasty. J Bone Joint Surg Am. (2022) 104(2):166–71. doi: 10.2106/JBJS.20.01766

22. Ye S, Mao B, Yang L, Fu W, Hou J. Thrombosis recanalization by paeoniflorin through the upregulation of urokinase-type plasminogen activator via the MAPK signaling pathway. Mol Med Rep. (2016) 13(6):4593–8. doi: 10.3892/mmr.2016.5146

23. Cheng J, Fu Z, Zhu J, Zhou L, Song W. The predictive value of plasminogen activator inhibitor-1, fibrinogen, and D-dimer for deep venous thrombosis following surgery for traumatic lower limb fracture. Ann Palliat Med. (2020) 9(5):3385–92. doi: 10.21037/apm-20-1604

24. Wu JX, Qing JH, Yao Y, Chen DY, Jiang Q. Performance of age-adjusted D-dimer values for predicting DVT before the knee and hip arthroplasty. J Orthop Surg Res. (2021) 16(1):82. doi: 10.1186/s13018-020-02172-w

25. Wang T, Guo J, Long Y, Yin Y, Hou Z. Risk factors for preoperative deep venous thrombosis in hip fracture patients: a meta-analysis. J Orthop Trauma. (2022) 23(1):19. doi: 10.1186/s10195-022-00639-6

26. Vigni GE, Bosco F, Cioffi A, Camarda L. Mortality risk assessment at the admission in patient with proximal femur fractures: electrolytes and renal function. Geriatr Orthop Surg Rehabil. (2021) 12:2151459321991503. doi: 10.1177/21514593219915033

27. Niu S, Li J, Zhao Y, Ding D, Jiang G, Song Z. Preoperative deep venous thrombosis (DVT) after femoral neck fracture in the elderly, the incidence, timing, location and related risk factors. BMC Musculoskelet Disord. (2021) 22(1):264. doi: 10.1186/s12891-021-04145-4



OPS/images/fsurg-09-1050347-g002.jpg
Ivi

Sensit

08

06

04

02

ROC Curve

AuC
New predictive factor:0.735
Fibrinogen (>4.24 g/L) :0.599
HB (<1095g1) :0.608
D-dimer (>24mg/L) :0.58

Injured side (right)0.595

02

04 06

1 - Specificity

08





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Risk factors and new diagnostic index for deep venous thrombosis of lower extremities in elderly patients with traumatic femoral neck fracture

		Introduction



		Materials and methods



		Statistical analysis











		Results



		Discussion



		Conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Surgery

Risk factors and new diagnostic
index for deep venous thrombosis
of lower extremities in elderly
patients with traumatic femoral neck fracture









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/fsurg-09-1050347-t001.jpg
DVT group (n=37) Non-DVT group (n = 166) Overall (n=203) P-value

Gender (female) 29 (78.4%) 108 (65.1%) 137 (67.5%) 0.118
Age (>72.5year) 28 (75.7%) 92 (55.4%) 120 (59.1%) 0023
Injured side (right) 23 (62.2%) 71 (42.8%) 94 (46.3%) 0032
Diabetes 9 (243%) 45 (27.1%) 54 (26.6%) 0729
Hypertension 23 (62.2%) 97 (58.4%) 120 (59.1%) 0677
History of malignancy 7 (189%) 22 (13.3%) 29 (14.3%) 0373
Parkinson’s disease 127%) 9 (5.4%) 10 (4.9%) 0.786
Renal dysfunction 3 (8.1%) 7 (42%) 10 (49%) 0569
Coronary heart disease 4(10.1%) 38 (22.9%) 42 (20.7%) 0.101
Arthythmia 4 (10.1%) 28 (16.9%) 32 (15.8%) 0361
Chronic heart disease 1(27%) 19 (114%) 20 (9.9%) 0.107
Cerebrovascular disease 4(101%) 27 (16.3%) 31 (15.3%) 0.404
Time from injury to ultrasound (days) 4336 35229 3631 0.144
HB (<1095 g/L) 14 (37.8%) 27 (16.3%) 41 (20.2%) 0.003
PLT (<1455 x 10°/L) 25 (67.6%) 139 (83.7%) 164 (80.8%) 0024
TC (>4.665 mmol/L) 18 (48.6%) 70 (42.2%) 88 (43.3%) 0472
HDL (<1225 mmol/L) 11 (29.7%) 76 (45.8%) 87 (42.9%) 0074
ALB (<36.85 g/L) 26 (70.3%) 93 (56.0%) 119 (58.6%) 0112
Fibrinogen (>4.24 g/L) 22 (59.5%) 66 (39.8%) 88 (43.3%) 0.029
D-dimer (>24 mg/L) 30 (81.1%) 106 (63.9%) 136 (67.0%) 0044
NEU (<5.545 x 10°/L) 16 (432%) 54 (32.5%) 70 (34.5%) 0215
LYM (<064 x 10°/L) 6 (162%) 11 (66%) 17 (84%) 0115

BT deen vein hremibosiz; HB. hemogiobin BLT plstelets; TE. fokal cholssteral: HIBL. hisi-densby fnoprokein: ALE semm alburmin: MED: neulroghis: M, mphacyts.





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





OPS/images/fsurg-09-1050347-t002.jpg
Risk Factors 95% Cl P-value

Injured side (right) 1.057-4.571

HB (<1095 g/L) 3134 1.434-6849 0.004
PLT (<1455 x 10°/L) 2471 1.108-5.512 0027
Fibrinogen (>424 g/L) 2521 1.048-6.061 0031
D-dimer (>2.4 mg/L) 2545 1.189-5.448 0049
Age (>72.5year) 2443 1.071-5573 0027

OR. odds ratio: 95% Cl 95% confidence interval





OPS/images/fsurg-09-1050347-g001.jpg
249 elderly patients with
femoral neck fracture

46 patients excluded
High-energy injuries n=3
Open fractures and multiple fractures n=6
History of thromboembolic events n=5

203 patients included

[ 1

166 patients 37 patients
without DVT with DVT

}_

Delayed ( > 14d) or without ultrasound n=9
Previous history of hip surgery n=4
Anticoagulation therapy n= 7

Incomplete medical history n= 12

Proximal n= 1
Distal n=33

Single-factor analysis

Logistic

Mixed n=3

analysis

ROC analysis of different
factors






OPS/images/fsurg-09-1050347-t003.jpg
Risk Factors

Injured side (right)

Wald

OR

95% Cl

1.098-5.457

P-value

HB (<1095 giL)

1.026-5.883

Fibrinogen (>4.24 g/L)

1.346-8.036

D-dimer (24 mg/L)

1.243-9.252

CR, coefficient regression; SE, standard error; OR, odds ratio; 95% CI, 95% confidence

ey





OPS/images/fsurg-09-1050347-t004.jpg
Risk Factors Sensitivity Specificity

Injured side (right)

HB (<109.5 g/L)

Fibrinogen (>4.24 g/L)

D-dimer (>2.4 mg/L)

New predictive factor

AUC. the area under the curve.





