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Abstract 

Background Lower extremity deep vein thrombosis (LEDVT) is a common complication after orthopedic surgery. 
Currently, a reliable assessment tool is lacking to evaluate the risk of postoperative LEDVT in patients undergoing 
lumbar fusion surgery. This study aims to explore the risk factors for LEDVT formation after lumbar fusion surgery 
and establish a predictive model for it.

Methods Data of patients admitted for multi-center spinal surgery from May 2022 to September 2023 were retro-
spectively collected. Patients were divided into DVT and non-DVT groups based on the occurrence of LEDVT after sur-
gery. Potential risk factors were initially identified through intergroup comparative analysis and single-factor logistic 
regression, which were considered candidate indicators. LASSO regression was applied to select candidate indicators, 
and the filtered variables were included in a multivariable logistic regression model. Nomogram and dynamic nomo-
gram were constructed to visualize the model, and the model was subsequently validated.

Results Factors including weakened lower extremity muscle strength, intraoperative blood loss, walking impairment, 
and Venous reflux/ Varicose veins were included in the multivariable logistic regression model. The results showed 
that the model had an area under the receiver operating characteristic curve of 0.870, 0.777 and 0.750 for the training 
set, internal validation set, and external validation set, respectively. Nomograms and web-based dynamic nomograms 
were created based on the multivariable logistic regression model. The model exhibited good performance in calibra-
tion curves and decision analysis.

Conclusion The study identified weakened lower extremity muscle strength, intraoperative blood loss, walking 
impairment, and Venous reflux/ Varicose veins as risk factors for LEDVT formation following lumbar fusion surgery. 
The predictive tool established based on the logistic regression model demonstrated good performance and can be 
considered for assessing the risk of LEDVT formation after lumbar fusion surgery.
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Introduction
It is well known that venous thromboembolism (VTE) 
is a major postsurgical complication and a disease that 
is common and potentially fatal. It includes pulmonary 
embolism (PE) and deep venous thrombosis (DVT). 
VTE leads to reduced quality of life due to leg pain, 
swelling and redness from lower extremity thrombosis 
(LEDVT), and even death from PE. The risk for a VTE 
event increases after patients undergo surgical opera-
tions, such as a spinal operation. It has been reported 
that one-third of patients with LEDVT had silent pul-
monary embolism [1]. In the field of spine surgery, rel-
evant literature suggests that the incidence of LEDVT 
in post-spinal fusion surgery patients ranges from 0.3–
31% [2]Therefore, it is necessary to recognize patients 
with high risks of developing LEDVT after lumbar 
fusion surgery.

The risk factors for DVT can be categorized into 
long-term factors, short-term factors, and other 
non-environmental factors [3–5]. Short-term factors 
include general anesthesia surgery, in-hospital bed rest 
time, estrogen therapy, and pregnancy, among others, 
while long-term factors encompass chronic infections 
and chronic autoimmune diseases. Non-environmental 
factors primarily include relevant genetic diseases. In 
the field of spine surgery, research on thrombosis risk 
is growing. Previous studies have shown that the inci-
dence of DVT after posterior lumbar fusion surgery 
is 2.8%, and age, preoperative abnormal D-dimer, and 
preoperative hypokalemia are associated risk factors 
for DVT occurrence [6]. In addition, factors such as 
elevated D-dimer [7], preoperative ambulation impair-
ment [8], neutrophil-lymphocyte ratio, interleukin-18 
[9], and the presence of multiple injuries, spinal cord 
injuries, and a history of previous VTE have also been 
identified as risk factors for VTE after spine surgery 
[10].

Since existing guidelines are mainly tailored to major 
orthopedic surgeries, there is a lack of reliable risk assess-
ment tools specifically for spine surgery, especially spi-
nal fusion surgery. This study aims to collect patient 
medical records, including general information, rel-
evant symptoms and signs, examination, and laboratory 
results, as preoperative indicators to identify risk factors 
for LEDVT in patients after lumbar fusion surgery. This 
study employs logistic regression to establish a predictive 
model to assess the risk of LEDVT formation after lum-
bar fusion surgery, developing a convenient and practical 
prediction tool for early prevention and intervention of 
LEDVT, reducing the incidence and related complica-
tions, improving patients’ outcomes, and relieving the 
patients’ burden. A diagram of this workflow is illustrated 
in Fig. 1.

Methods
Participants
In this research, we retrospectively collected data from 
patients who underwent lumbar fusion surgery in the 
same ward of Qilu Hospital of Shandong University 
from May 1, 2022, to June 30, 2023, which was used for 
screening risk factors and developing predictive models. 
All surgical procedures and perioperative management 
were conducted by the same treatment team. For exter-
nal validation, patients from those who were under lum-
bar fusion surgery at Yantaishan Hospital and Shandong 
Provincial Hospital from March 1, 2023, to September 1, 
2023 was collected. The study was approved by the Medi-
cal Ethics Committee of Qilu Hospital (KYLL-202210-
053) and registered at the Chinese Clinical Trial Registry 
(ChiCTR2300069495).

Inclusion and exclusion criteria are as follows. Inclu-
sion Criteria: Patients aged 18 years or older; Patients 
undergoing lumbar fusion surgery; Preoperative lower 
limb venous ultrasound results showing no DVT forma-
tion; Complete clinical data. Exclusion Criteria: Patients 
with a history of long-term use of anticoagulant medi-
cations; Patients with preoperative lower limb venous 
ultrasound results indicating the presence of LEDVT; 
Patients with a history of previous DVT. Patients who 
were not treated with surgery during their hospital stay 
or had multiple surgical procedures prior to lumbar 
fusion surgery; Patients with pelvic fractures or lower 
limb fractures; Patients with coagulation-related disor-
ders; Patients with severe underlying medical conditions 
or unstable vital signs; Patients with lower limb paralysis.

Diagnosis and management of DVT during the period 
of perioperative
Preoperative Screening: Patients are scheduled to 
undergo lower limb venous ultrasound and blood 
D-dimer testing on the day of admission or the following 
day. we use clinical manifestations, D-dimer testing com-
bined with venous ultrasound of the lower limb can accu-
rately diagnose lower extremity deep vein thrombosis 
[11, 12].Preoperative Education: Before surgery, the nurs-
ing staff organizes daily preoperative education sessions, 
providing information about preoperative preparation, 
precautions, and preventive measures for postoperative 
complications. This education includes guidance on self-
initiated exercises to prevent DVT.

Postoperative Management: After surgery, patients 
routinely did ankle pump exercises, took the anticoagu-
lant medication (Rivaroxaban, initiated on the second 
postoperative day, 2.5 mg tid until 1 month after surgery), 
and wore graduated compression stockings. Between 
3 and 7 days after the surgery, patients undergo a lower 
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Fig. 1 Research roadmap
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limb venous ultrasound examination before they are 
encouraged to start getting out of bed.

Data collection
The collected patient information includes general 
patient data, present medical history, personal history, 
past medical history, primary diagnosis, preoperative 
laboratory results, preoperative lower limb venous ultra-
sound findings, surgical information, and postoperative 
lower limb venous ultrasound results.

General patient data includes admission date, age, 
weight, height, and gender. Present medical history data 
includes information such as the duration of major symp-
toms, sleep disturbances, difficulty walking or signs of 
intermittent claudication, lower limb muscle strength 
(assessing ankle dorsiflexor strength, ankle plantar flexor 
strength, knee flexor-extensor strength, and toe dorsi-
flexor strength) equal to or less than grade 3.

Personal history encompasses smoking history, alcohol 
consumption history, history of drug or food allergies, 
history of trauma, and surgical history. Past medical his-
tory includes conditions such as hypertension, diabetes, 
and coronary heart disease.

Preoperative laboratory indicators include white blood 
cell count (WBC), red blood cell count (RBC), platelet 
count (PLT), lymphocyte count (LYM), neutrophil count 
(NEU), monocyte count (MON), platelet distribution 
width (PDW), mean platelet volume (MPV), erythro-
cyte sedimentation rate (ESR), C-reactive protein (CRP), 
prothrombin time (PT), activated partial thromboplas-
tin time (APTT), fibrinogen (FIB), thrombin time (TT), 
D-dimer, albumin (ALB), total cholesterol, low-density 
lipoprotein cholesterol (LDL-C), high-density lipoprotein 
cholesterol (HDL-C), alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), glucose, blood urea 
nitrogen (BUN), homocysteine (Hcy), blood potassium, 
blood calcium, blood sodium, blood magnesium, blood 
chloride, preoperative lower limb venous ultrasound 
results.

Intraoperative indicators include operative time, num-
ber of discs involved, and intraoperative blood loss.

Postoperative lower limb venous ultrasound results 
indicate whether they are normal, or abnormal and 
whether lower limb deep vein thrombosis has occurred. 
The outcome indicator is whether LEDVT has occurred 
postoperatively.

Body mass index (BMI), neutrophil-lymphocyte ratio 
(NLR), and preoperative hospitalization days are calcu-
lated based on the collected data. Preoperative hospi-
talization days refer to the number of days between the 
patient’s admission date and the surgery date. C-reactive 
protein results are categorized into two groups: less than 

or equal to 5 mg/L and greater than 5 mg/L. Other labo-
ratory indicators are treated as continuous variables.

Analysis of risk factors for postoperative DVT
The cases were divided into two groups, the DVT Group 
and the non-DVT Group, based on the presence or 
absence of DVT after surgery. A comparative analysis was 
conducted between the two groups for each indicator.

Using the occurrence of LEDVT after surgery as the 
dependent variable, single-factor logistic regression anal-
ysis was applied to each indicator, and a significance level 
of P < 0.1 was statistically significant enough to be consid-
ered for inclusion in the construction of the prediction 
model.

Establishment and verification of postoperative 
DVT prediction model
Variable selection
Indicators identified during the risk factors analysis were 
considered candidate indicators. LASSO regression was 
employed for further selection. In this study, LASSO 
regression was applied to the variables using the training 
set. A 10-fold cross-validation method was used to calcu-
late the mean squared error for each λ value. The final λ 
value was selected as the one within one standard error 
of the minimum mean squared error value.

Model building and evaluation
The selected predictive indicators were incorporated 
into a multiple logistic regression analysis for modeling. 
Nomograms and dynamic nomograms were constructed. 
Using the training set, the Receiver Operating Charac-
teristic (ROC) curve was drawn, and the Area Under the 
Curve (AUC) was calculated. Subsequently, ROC curves 
for the model were created using the validation set and 
external validation data, with their respective AUC values 
calculated.

Calibration curves were generated for the training set, 
validation set, and external validation data separately. 
Lastly, Decision curve analysis (DCA) was used to evalu-
ate the model’s clinical value.

Statistics method
All statistical analyses in the study were performed 
using R language (R, v4.2.2,New Zealand) and the 
RStudio software (v2022.12.0 Build 353,USA). Con-
tinuous variables that followed a normal distribu-
tion were expressed as mean ± standard deviation 
(mean ± SD), while those not following a normal dis-
tribution were represented by the median and inter-
quartile range (median, IQR). Categorical data were 
presented as frequencies and percentages (n, %). For 
continuous variables, t-tests or non-parametric rank 
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sum tests were performed, depending on the distri-
bution characteristics of the samples. For categorical 
variables, chi-square tests or Fisher’s exact tests were 
carried out, depending on the distribution characteris-
tics. A significance level of P < 0.1 was considered sta-
tistically significant. The significance level was set at 
P < 0.1.

Results
This study included a total of 277 patients who underwent 
lumbar fusion surgery, consisting of 143 male patients 
and 134 female patients. Among them, 234 patients did 
not experience lower limb DVT postoperatively, while 43 
patients developed lower limb DVT, resulting in an inci-
dence rate of 15.52%. To conduct external validation, an 
additional 151 patients from different hospitals were col-
lected for use as an external validation dataset.

General characteristics
The comparison of general characteristics between the 
DVT and non-DVT groups is presented in Table 1. Sig-
nificant differences were observed in terms of gender. 
The age of the DVT group was 57 (median) years old, the 
non-DVT group was 60 (median) years old. DVT group 
was significantly older than non-DVT group (p < 0.1). 
In terms of physical signs, there were 34 cases of lower 
limb muscle weakness in the non-DVT group and 26 
cases in the DVT group, which was significantly different 
between the two groups (P < 0.1). Moreover, there were 
80 cases of walking impairment in the non-DVT group 

and 28 cases in the DVT group, which was significantly 
different (P < 0.1). Patients with diabetes mellitus were 
more likely to develop DVT (P < 0.1).

Ultrasound and laboratory test information
A comparative analysis of the ultrasound results and 
laboratory indicators for the two groups is presented in 
Table 2. Prior to the surgery, it was observed that the pro-
portion of patients with lower limb venous reflux/vari-
cose veins in the non-DVT group was significantly lower 
than that in the DVT group (P < 0.1).

Regarding preoperative laboratory results, patients 
in the non-DVT group had significantly lower ESR, 
D-dimer, total cholesterol, number of discs involved and 
FIB than patients in the DVT group (P < 0.1). Addition-
ally, RBC in the non-DVT group was significantly higher 
than those in the DVT group before surgery (P < 0.1).

Logistic regression analysis
To further evaluate the impact of various indicators on 
the occurrence of DVT, a single-factor logistic regres-
sion analysis was conducted on all indicators. The indica-
tors in Table 3 had statistical significance. The indicators 
which had statistical significance in Tables  1, 2 and 3 
were candidate variables to develop the model.

Model building
Variable screening: LASSO regression
The candidate variables were included in the LASSO 
regression using the training set data. Fig.  2a illustrates 
the change in variable coefficients for different values of 

Table 1 Comparison between general data

SD standard deviation, median median, IQR quartile, yrs years old, BMI Body mass index

Non-DVT group
(n = 234)

DVT group
(n = 43)

P-value

Gender (n, %) 0.084

 Female 108 (46.2) 26 (60.5)

 Male 126 (53.8) 17 (39.5)

Age (yrs) (median, IQR) 57 (52,64) 60 (56,68.5) 0.003

BMI (kg/m2) (median, IQR) 25.7 (23.4,27.6) 24.9 (23.7,26.6) 0.32

Days before surgery (median, IQR) 3 (2,4) 3 (2,4) 0.527

Weakened lower extremity muscle strength (yes) (n, %) 34 (14.5) 26 (60.5) < 0.001

Walking impairment (yes) (n, %) 80 (34.2) 28 (65.1) < 0.001

Smoking history (yes) (n, %) 44 (18.8) 4 (9.3) 0.130

History of alcohol consumption (yes) (n, %) 36 (15.4) 4 (9.3) 0.297

History of allergies (yes) (n, %) 18 (7.7) 1 (2.3) 0.326

History of trauma (yes) (n, %) 21 (9) 6 (14) 0.398

History of surgery (yes) (n, %) 84 (35.9) 18 (41.9) 0.456

Hypertension (yes) (n, %) 72 (30.8) 14 (32.6) 0.816

Diabetes mellitus (yes) (n, %) 15 (6.4) 7 (16.3) 0.058

Coronary heart disease (yes) (n, %) 11 (4.7) 2 (4.7) 1.000
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λ (lambda). The optimal λ value was determined through 
10-fold cross-validation and selected as the largest λ 
value within one standard error of the minimum mean 
squared error (Fig. 2b), resulting in an optimal λ value of 
0.0588.

Ultimately, the selected variables included weakened 
lower extremity strength, walking impairment, Varicose 
veins/venous reflux of lower extremities, intraoperative 
blood loss.

Model construction: logistic regression
The variables screened by LASSO regression were incor-
porated into the Logistic regression model. Table 4 sum-
marizes the coefficient values of each item in the model.

Nomogram & dynamic nomogram
Weakened lower extremity strength, walking impair-
ment, varicose veins/venous reflux of lower extremities, 

Table 2 Comparison between groups of laboratory test results and operative indicators

NLR Neutrophil-lymphocyte ratio, PDW Platelet distribution width, MPV Mean platelet volume, CRP C reactive protein, PT Prothrombin time, APTT Activated partial 
thromboplastin time, TT Thrombin time, FIB Fibrinogen, LDL-C Low-density lipoprotein cholesterol, HDL-C High-density lipoprotein cholesterol, ALT Alanine 
aminotransferase, AST Aspartate aminotransferase, Hcy Homocysteine

Non-DVT group (n = 234) DVT group
(n = 43)

P-value

Varicose veins/venous reflux (n, %) 62 (26.5) 28 (65.1) < 0.001

White blood cells (10^9/L) (median, IQR) 5.8 (4.9,7.3) 5.8 (5,6.9) 0.979

Lymphocytes (10^9/L) (median, IQR) 1.8 (1.4,2.2) 1.7 (1.4,2.1) 0.429

Red blood cells (10^12/L) (mean ± SD). 4.5 ± 0.5 4.3 ± 0.5 0.084

Neutrophil (median, IQR) 3.3 (2.8,4.3) 3.1 (2.8,4.4) 0.785

NLR (median, IQR) 1.9 (1.4,2.5) 1.8 (1.6,2.3) 0.938

Monocytes (10^9/L) (median, IQR). 0.4 (0.3,0.5) 0.4 (0.4,0.5) 0.685

Plate (10^9/L) (median, IQR) 231 (200.2,271.8) 231 (197,261.5) 0.694

PDW (fL) (median, IQR) 12.1 (10.6,15.6) 12.2 (11,14.9) 0.621

MPV (fL) (median, IQR) 10 (9.5,10.6) 10.2 (9.6,10.7) 0.25

ESR (mm/h) (median, IQR) 10 (5,17.8) 12 (6.5,27) 0.042

CRP > 5 mg/L (n, %) 27 (11.5) 6 (14) 0.653

PT(s) (median, IQR) 10.9 (10.5,11.4) 10.9 (10.2,11.4) 0.586

APTT(s) (median, IQR) 30 (28.7,32.2) 30.6 (28.6,32.8) 0.817

FIB(g/L) (median, IQR) 2.9 (2.6,3.3) 3.1 (2.8,3.4) 0.071

TT(s) (median, IQR) 15.1 (14.5,15.8) 15 (14.4,16.1) 0.311

D-dimer (ug/ml) (median, IQR) 0.3 (0.2,0.6) 0.5 (0.3,1.1) < 0.001

ALT(U/L) (median, IQR) 18 (13,25.8) 17 (12,25) 0.758

Blood glucose (mmol/L) (median, IQR)) 5.1 (4.7,5.6) 5.1 (4.6,5.6) 0.888

AST(U/L) (median, IQR) 19 (15,23.8) 19 (15,21) 0.548

Albumin (g/L) (mean, IQR). 43.6 (41.5,45.5) 43.4 (39.8,44.5) 0.101

Urea nitrogen (mmol/L) (median, IQR) 5 (5,6.1) 5.5 (5,6.3) 0.143

Total cholesterol (mmol/L) (mean, IQR). 4.7 (4.2,5.4) 4.9 (4.6,5.4) 0.073

LDL-C(mmol/L) (median, IQR) 2.9 (2.4,3.4) 2.9 (2.5,3.5) 0.203

HDL-C(mmol/L) (median, IQR) 1.2 (1.1,1.4) 1.3 (1.1,1.5) 0.167

Hcy(umol/L) (median, IQR) 11.9 (9.9,14.5) 11.3 (10,13.3) 0.524

Blood potassium (mmol/L) (mean, IQR) 4.1 (3.9,4.3) 4 (3.8,4.3) 0.532

Blood sodium (mmol/L) (median, IQR) 142 (140.2,143) 142 (141,143.5) 0.749

Blood magnesium (mmol/L) (mean, IQR) 0.9 (0.9,0.9) 0.9 (0.9,0.9) 0.41

Blood calcium (mmol/L) (median, IQR) 2.3 (2.2,2.4) 2.3 (2.2,2.3) 0.295

Blood chlorine (mmol/L) (median, IQR) 106 (105,108) 106 (104,108) 0.815

Intraoperative blood loss (median, IQR) 240 (200,280) 280 (240,300) < 0.001

Number of discs involved (> 1) (n, %) 60 (25.6%) 23 (53.5%) < 0.001

Operative time (min) (median, IQR) 150 (135,170) 150 (137.5,165) 0.921
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and intraoperative blood loss were selected as predictive 
indicators. A nomogram (Fig. 3) was created to facilitate 
risk prediction for LEDVT.

Based on the established model, a web-based dynamic 
nomogram was also developed (Fig.  4). The results are 
presented in two formats. The first format is graphical, 

Table 3 Univariate logistic regression analysis of some indicators

coefficient P-value OR (95% confidence interval).

Weakened lower extremity muscle strength 2.197 < 0.001 8.997 (4.464,18.637)

Venous reflux /Varicose veins 1.645 < 0.001 5.178 (2.630,10.564)

Intraoperative blood loss 0.016 < 0.001 1.017 (1.009,1.025)

Walking impairment 1.279 < 0.001 3.593 (1.840,7.270)

Number of discs involved (> 1) 1.205 < 0.001 3.335 (1.714,6.552)

Age 0.062 0.002 1.064 (1.024,1.109)

Diabetes 1.043 0.034 2.839 (1.024,7.240)

ESR 0.023 0.040 1.023 (1.000,1.046)

Cholesterol 0.302 0.078 1.352 (0.962,1.892)

RBC −0.591 0.085 0.554 (0.280,1.081)

LDL_C 0.327 0.087 1.387 (0.958,2.030)

Male −0.579 0.087 0.560 (0.284,1.080)

Fig. 2 LASSO regression Note: (1) Fig. (3a) illustrates the change in variable coefficients as a function of λ values in LASSO regression. The horizontal 
axis represents the logarithmic values of λ, and the vertical axis represents the coefficient values. The top numbers indicate the number of variables 
with non-zero coefficients. (2) Fig. (3b) presents the results of cross-validation in LASSO regression. The vertical axis represents the mean squared 
error values, and the horizontal axis represents the logarithmic values of λ. The dashed lines on the left side represent the minimum mean squared 
error value, and the dashed lines on the right side represent the optimal λ value

Table 4 Logistic regression model coefficients: training set

Coefficient The standard error of the coefficient 
estimate

z-value P-value

Constant −8.154 1.812 −4.500 < 0.001

Weakened lower extremity muscle strength 1.918 0.488 3.927 < 0.001

Intraoperative blood loss 0.018 0.006 2.822 0.005

Walking impairment 1.043 0.506 2.059 0.039

Venous reflux/ Varicose veins 1.427 0.494 2.892 0.004



Page 8 of 11Zhao et al. BMC Surgery          (2024) 24:392 

which includes the prediction probability values and the 
corresponding 95% confidence intervals. The second 
format is numerical, providing more detailed prediction 
values. Additionally, each calculation result performed 
before closing the page is displayed simultaneously, 
allowing for dynamic observation.

This web tool is deployed on the official server of shin-
yapps.io. The web address is: https:// dvt- risk- predi ction. 
shiny apps. io/ DynNo mapp/.

Model evaluation
The model was evaluated using different datasets. ROCs 
were generated using the training set (Fig. 5a), validation 
set (Fig.  5b), and external validation set (Fig.  5c), with 
AUC of 0.870, 0.777, and 0.750 respectively. These AUC 
values represent the model’s performance in distinguish-
ing between cases with and without DVT.

To further evaluate the model, calibration curves were 
drawn for the training set, validation set, and external 

Fig. 3 Nomogram

Fig. 4 Web Tool: Dynamic Nomogram

https://dvt-risk-prediction.shinyapps.io/DynNomapp/
https://dvt-risk-prediction.shinyapps.io/DynNomapp/
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validation data (Fig.  6). The calibration curves for all 
three sets closely aligned with the diagonal line, indi-
cating that the predicted probabilities generated by the 
model were close to the actual probabilities. This sug-
gests that the model has good accuracy.

For assessing the clinical benefit of the model, deci-
sion curve analysis was employed (Fig. 7). The red curve 
remained above both the “Treat All” and “Treat None” 
curves when the threshold probability was less than 
60%, indicating that the model can obtain some clinical 
benefits.

Discussion
DVT is one of the main complications in orthopedics, 
with a high incidence rate and significant risk. Lumbar 
fusion surgery is a common procedure in spine. Due 

to the presence of internal implants, patients need to 
stay strictly bedridden for several days postoperatively 
to prevent implant loosening. Therefore, LEDVT is 
slightly higher compared to other spinal surgeries. This 
also demonstrates the need for healthcare profession-
als to enhance the perioperative management of surgical 
patients. There are currently three main areas for perio-
perative management, including primary prevention, 
physical prevention, and pharmacological prevention. By 
undertaking these three things, patients will have a better 
chance of getting through the perioperative period safely.

Several risk-scoring scales, including the Autar Scale, 
the RAPT Scale, and the Caprini Scale, are commonly 
used in orthopedics to stratify patients’ risk of devel-
oping VTE. The Autar Scale is more suitable for ortho-
pedics because it contains several orthopedic-related 

Fig. 5 ROC of Logistic regression model Note: ROC curves of the Logistic regression model were plotted using different datasets. The horizontal 
axis represents specificity, and the vertical axis represents sensitivity, with the labeled points indicating the cutoff values. The AUC is the area 
under the curve. (6a) ROC curve plotted using training dataset; (6b) ROC curve plotted using testing dataset; (6c) ROC curve plotted using 
the external validation dataset

Fig. 6 Calibration curve of logistic regression model Note: Calibration curves of the Logistic regression model were drawn using training data (a), 
validation data (b), and external validation data (c). In this curve, the vertical axis represents the actual probability, and the horizontal axis represents 
the model’s predicted probability, with the diagonal line indicating a perfect match between actual and predicted probabilities. Solid and dashed 
lines represent the model’s performance
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assessment items, but some studies have found that the 
reliability of this scale is mediocre, and it has not been 
revised since it was developed in 1996. The RAPT Scale 
is an assessment scale for trauma patients, which is less 
suitable for non-trauma elective surgeries. The Caprini 
Scale may be characterized by a large number of assess-
ments, a long-time consuming process, and a lack of lab-
oratory tests. There is no widely accepted predictive tool 
to assess the risk of postoperative LEDVT. Therefore, it 
is crucial to establish a practical and effective predictive 
tool to prevent the occurrence of LEDVT after lumbar 
fusion surgery.

In the initial collection of 277 patients, the incidence 
of lower extremity DVT was 15.52%, like reported in 
another study [13]. Through the initial selection of col-
lected indicators, this study included 4 preoperative 
factors: weakened lower extremity muscle strength, 
intraoperative blood loss, walking impairment, and 
venous reflux/ varicose veins. In previous research, 
older age, gender, ESR, diabetes, cholesterol content, 
intraoperative blood loss, and the presence of venous 
varicosities or reflux were reported as risk factors 
associated with a higher incidence of DVT after spi-
nal surgery [8, 13–15]. This is broadly consistent with 
our research. In addition, it was believed that fixation 
and immobilization caused venous stasis, which made 
the formation of deep venous thrombosis of lower 

limbs more prone to occur [16]. Our study also con-
firmed this point, because patients with lumbar disor-
ders have lower limb movement disorders, numbness, 
and reduced muscle strength, preoperative education 
and postoperative rehabilitation are particularly impor-
tant. For mild patients, immediate postoperative exer-
cise, passive exercise, or immediate anticoagulation for 
patients in bed for a long time are effective means to 
prevent postoperative thrombosis [17, 18].

This study evaluated the model’s discriminative 
power and accuracy by calculating the AUC and con-
structing calibration curves. The model exhibited good 
performance in the training set, validation set, and 
external validation set. We employ DCA to evaluate the 
model’s practicality within a threshold probability of 
60%, demonstrating its clinical relevance.

This study established a model and tool for predict-
ing the risk of postoperative LEDVT in lumbar fusion 
surgery patients. However, this research has some 
limitations. First, Since the patient’s definitive diagno-
sis of lower extremity thrombosis relied on lower limb 
venous ultrasound 3–7 days postoperatively, the fore-
casting ability of this predictive model is limited when 
making predictions about lower extremity thrombosis 
occurring 7 days later. Then, patients with several fac-
tors that increase thrombotic risk were excluded when 
the predictive model was constructed using data from 

Fig. 7 Decision curve analysis Note: The clinical decision curve was drawn using data collected from two time points. The x-axis represents 
the high-risk threshold, the y-axis represents the net benefit. The red curve represents the model’s performance, the gray curve represents 
the scenario where all interventions are taken, and the black curve represents the scenario where no interventions are taken
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the collected cases. Thus, the applicability of this pre-
dictive model in cases possessing the above conditions 
is similarly limited.

Conclusion
The study identified weakened lower extremity muscle 
strength, intraoperative blood loss, walking impairment, 
and venous reflux/ varicose veins as potential risk factors 
for the development of postoperative LEDVT in spinal 
surgery. Using these factors as predictive indicators, a 
multivariate logistic regression model was created. This 
model demonstrated good discriminative ability, accu-
racy, and clinical utility. The nomogram and dynamic 
nomogram generated based on the logistic regression 
model are valuable for improving the model’s practicality.
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