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Establishment and validation of a nomogram
predicting the risk of deep vein thrombosis
before total knee arthroplasty
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Abstract

Purpose This study aimed to analyze the independent risk factors contributing to preoperative DVT in TKA and
constructed a predictive nomogram to accurately evaluate its occurrence based on these factors.

Methods The study encompassed 496 patients who underwent total knee arthroplasty at our hospital between
June 2022 and June 2023. The dataset was randomly divided into a training set (n=348) and a validation set (n=148)
in a 7:3 ratio. The least absolute shrinkage and selection operator (LASSO) and multivariate logistic regression

analysis were used to screen the predictors of preoperative DVT occurrence in TKA and construct a nomogram. The
performance of the predictive models was evaluated using the concordance index (C-index), calibration curves, and
the receiver operating characteristic (ROC) curves. Decision curve analysis was used to analyze the clinical applicability
of nomogram.

Results A total of 496 patients who underwent TKA were included in this study, of which 28 patients were examined
for lower extremity DVT preoperatively. Platelet crit, Platelet distribution width, Procalcitonin, prothrombin time, and
D-dimer were predictors of preoperative occurrence of lower extremity DVT in the nomograms of the TKA patients. In
addition, the areas under the curve of the ROC of the training and validation sets were 0.935 (95%Cl: 0.880-0.990) and
0.854 (95%Cl: 0.697-1.000), and the C-indices of the two sets were 0.919 (95%Cl: 0.860-0.978) and 0.900 (95%Cl: 0.791-
1.009). The nomogram demonstrated precise risk prediction of preoperative DVT occurrence in TKA as confirmed by
the calibration curve and decision curve analysis.

Conclusions This Nomogram demonstrates great differentiation, calibration and clinical validity. By assessing
individual risk, clinicians can promptly detect the onset of DVT, facilitating additional life monitoring and necessary
medical interventions to prevent the progression of DVT effectively.
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Introduction

Venous thromboembolism (VTE), comprising deep
vein thrombosis (DVT) and pulmonary embolism (PE),
is a severe vascular condition associated with signifi-
cant morbidity and risk, frequently resulting in serious
clinical complications including sudden death and post-
thrombotic sequelae [1-3]. Clinically, DVT predomi-
nantly manifests as a primary form of VTE, commonly
developing in the lower extremities. Total knee arthro-
plasty (TKA), an efficacious remedy for end-stage knee
conditions, substantially alleviates pain and improves
knee function, thereby enhancing patients’ quality of
life [4]. Nevertheless, TKA is regarded as a significant
risk factor for postoperative VTE. Studies indicate that
the incidence of asymptomatic DVT post-unprotected
total knee arthroplasty varies from 40 to 85%, and the
incidence of fatal PE without pharmacological interven-
tion ranges between 0.87-1.99% [5, 6]. Therefore, taking
reasonable and effective prophylactic measures is cru-
cial to prevent the occurrence of DVT. Current clinical
guidelines recommend several strategies to prevent DVT,
including standardizing the operation to reduce the dam-
age to the venous lining during the operation [7]; utiliz-
ing interventions like plantar vein pumps, intermittent
pneumatic compression devices, and gradient pressure
compression stockings post-operation to enhance lower
limb blood flow, thereby reducing blood stasis [8]. More-
over, in the process of diagnosis and treatment, clinicians
should choose and use anticoagulant drugs reason-
ably after weighing the advantages and disadvantages of
thrombosis risk and bleeding risk [9]. With an increased
focus on DVT prevention and the standardized applica-
tion of preventive measures, the incidence of DVT after
TKA shows a decreasing trend [7-9]. Literature reports
suggest that through comprehensive preoperative assess-
ment and appropriate prophylactic measures, the occur-
rence of DVT following TKA can be minimized to below
15% [10].

Numerous studies have concentrated on DVT preven-
tion after TKA, and a variety of factors have been shown
to be associated with the formation of DVT after TKA,
including patient factors (age, body mass index, his-
tory of diabetes mellitus, etc.), surgical factors (surgi-
cal procedure, anesthesia, use of tourniquets, etc.), and
perioperative management factors (pain control, early
rehabilitation interventions, and venous thrombosis
prophylaxis) [11]. Since the patient’s own factors exist
before admission, and some studies have confirmed
that such factors are an important cause of preoperative
blood hypercoagulability in TKA [12-14], some schol-
ars have speculated whether DVT is formed preopera-
tively, and this was verified by imaging screening. Xiong
et al. [15] conducted preoperative ultrasound screening
on 584 total knee arthroplasty patients, revealing DVT
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in 32 cases, indicating a 6.99% incidence (32/584), with
3 being proximal thrombi. This study identified preop-
erative comorbidities (diabetes mellitus, coronary artery
disease, recent surgery, venous stasis), elevated Plate-
let (PLT), D-dimer, Ratio of neutrophils to lymphocytes
(NLR), Erythrocyte sedimentation rate (ESR), C-reactive
protein (CPR), IL-6 (Interleukin-6), Procalcitonin (PCT),
reduced red blood cell, advanced age, and AB blood
group as high-risk factors for preoperative DVT in TKA
patients.

The nomogram, serving as a predictive tool for assess-
ing disease risk and prognostic evaluation, has garnered
increasing attention and application within medical
research and clinical practice. This graphical tool trans-
forms intricate regression equations into visual graphs,
facilitating clinicians in computing disease occurrence
probabilities and assessing patient prognoses through
these graphs [16, 17].

Although the prevention of DVT after TKA has
received sufficient attention from clinicians, the impor-
tance of preoperative DVT in this process has been
overlooked. Existing studies have only reported the inci-
dence and risk factors of preoperative DVT in TKA, but
the incidence and risk factors are not consistent. To our
knowledge, no study has constructed a prediction model
for the occurrence of preoperative DVT in TKA. There-
fore, in this study, we analyzed the independent risk
factors contributing to preoperative DVT in TKA and
constructed a prediction model to accurately evaluate its
occurrence based on these factors. By assessing individ-
ual risk, clinicians are able to implement additional life
monitoring and necessary medical interventions to effec-
tively prevent the progression of DV'T.

Methods

Patients

We established and validated a nomogram to predict
preoperative lower extremity deep vein thrombosis in
patients undergoing total knee arthroplasty. All data were
obtained from the patient data database of the Second
Hospital of Shanxi Medical University.

In the research, data was acquired from 526 patients
who underwent TKA at the Second Hospital of Shanxi
Medical University from June 2022 to June 2023. Among
them, 28 patients were excluded due to recent DVT
undergoing treatment, lower extremity fracture, lower
extremity tissue injury, and loss of clinical informa-
tion, leaving a total of 496 patients for the final analysis
(Fig. 1). These 496 patients were retrospectively divided
into DVT group (n=28) and non-DVT group (n=468)
according to the presence of DVT before surgery. Inclu-
sion criteria: (1) patients who underwent elective total
knee arthroplasty; (2) patients who underwent preop-
erative thrombus screening of bilateral lower extremity
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Fig. 1 Flow diagram of study design

veins using color Doppler ultrasonography of the lower
extremity veins; (3) patients with complete personal
information and medical consultation records. Exclusion
criteria: (1) patients who were informed of the existence
of VTE when they were admitted to the hospital; (2)
patients who had recently suffered from venous throm-
boembolism and were undergoing treatment; (3) patients
with fresh or old lower extremity fractures, and patients
who needed initial or revision replacement surgery for
lower extremity fractures; (4) patients with lower extrem-
ity tissue damage that could not be performed by lower
extremity venous ultrasonography; (5) patients who had

incomplete personal information and medical records.
The study was approved by the Ethics Committee of Sec-
ond Hospital of Shanxi Medical University (approval No.
2023KYNO. 307).

Procedure

The complete dataset was randomly partitioned into a
training set (n=348) and a validation set (#=148) in a
ratio of 7:3. All patients underwent pulsed Doppler ultra-
sonography of both lower extremities 1-3 days before
surgery, a procedure performed by an experienced sonog-
rapher. The clinical data of the patients were accessed
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through an electronic medical record system. Clini-
cal information included basic characteristics, chronic
comorbidities, and laboratory and ancillary tests. Basic
characteristics included name, hospitalization number,
height, weight, gender, age and calculated body mass
index (BMI). Chronic comorbidities included hyperten-
sion, diabetes mellitus, coronary artery disease, history of
smoking and alcohol consumption, and history of previ-
ous surgery. Laboratory tests and ancillary tests included
white blood cell, red blood cell, hemoglobin, hematocrit,
mean corpuscular volume, mean corpuscular hemo-
globin, mean corpuscular hemoglobin concentration,
standard deviation in red blood cell volume distribution
width (RDW-SD), coefficient variation of red blood cell
volume distribution width (RDW-CV), platelet, plate-
let crit (PCT), mean platelet volume, platelet-larger cell
ratio, platelet distribution width (PDW), neutrophil
(NEU), lymphocyte, monocyte, eosinophils, basophil,
neutrophil%, lymphocyte%, monocyte%, eosinophils%,
basophil%, alanine amino transferase (ALT), aspartate
amino transferase (AST), AST/ALT, total bilirubin, direct
bilirubin, indirect bilirubin, total protein, serum albumin,
globulin, albumin-globulin ratio, blood urea nitrogen,
creatinine, blood potassium, blood sodium, blood chlo-
ride, blood calcium, procalcitonin (PCT), blood glucose,
C-reactive protein, prothrombin time (PT), international
normalized ratio, plasminogen activity, fibrinogen, acti-
vated partial thromboplastin time (APTT), activated par-
tial thromboplastin time ratio, thrombin time (TT), and
D-dimer. If subjects underwent multiple hematological
investigations prior to the diagnosis of DVT, we chose to
include the most recent one.

Statistical analysis

The data were categorized into continuous and categori-
cal variables. Normally distributed continuous variables
were expressed as meantstandard deviation, non-nor-
mally distributed continuous variables were expressed
as median, and categorical variables were expressed as
counts (%). Statistical analysis using R software (Ver-
sion 4.3.1; https://www.r-project.org/). Comparisons
between groups of continuous variables were made using
t-tests. Comparisons between groups for categorical
variables were made using the chi-square test. To iden-
tify the most predictive variables for DVT development
in TKA patients, the least absolute shrinkage and selec-
tion operator (LASSO) was initially employed, suitable
for managing high-dimensional data [18, 19]. It is a linear
regression method of variable selection and model com-
pression that is able to shrunk the regression coefficients
of the variables to zero by the penalty coefficients of
lambda. It excluded variables with zero regression coef-
ficients and selected variables without zero regression
coefficients. The selected variables were considered to be
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the most relevant to the occurrence of DVT. The selected
variables were subsequently subjected to multifactorial
logistic regression analysis, and the variables were evalu-
ated by odds ratios (ORs) and 95% confidence intervals
(95%CI) [20]. A two-sided significance level was applied.
Further, a nomogram regarding the risk of preoperative
DVT development in TKA patients was drawn using the
screened variables with p<0.05 by “RMS” package in R
language software.

The discriminatory power of the nomogram was Sub-
sequently measured by the area under the curve (AUC)
of the receiver operating characteristic (ROC), which is
able to show the ability of the nomogram to discrimi-
nate between different results. In addition, the calibra-
tion curve was constructed to evaluate the calibration
effectiveness of the nomogram. Simultaneously, the dis-
criminative capacity of the nomogram was evaluated and
analyzed through the concordance index (C-index) [21].
In this cohort, the C-index of the relative correction of
the nomogram was also calculated (1000 bootstrap resa-
mples) [22]. Finally, the therapeutic effectiveness of the
nomogram was assessed using decision curve analysis,
which consists of estimating the net benefit at different
threshold probabilities in the cohort [23].

Results

Characteristics of the patients

A total of 496 patients who underwent TKA were finally
enrolled in this study, of which 28 patients were exam-
ined for lower extremity DVT preoperatively, and the
prevalence of preoperative lower extremity DVT in
patients who underwent TKA was 5.65%. The character-
istics of the subjects are shown in Table 1. All subjects
were randomly divided into a training set (#=348) and
a validation set (#=148) at a ratio of 7:3. The differences
between the two populations were not statistically signif-
icant in terms of comparison of the clinical data (includ-
ing general data and data from laboratory and auxiliary
examinations) (P>0.05, Table 2).

Lasso regression and multifactor logistic regression
analysis

First, initial screening for predictors (nonzero coeffi-
cients) of preoperative occurrence of lower extremity
DVT in TKA was performed by Lasso regression analy-
sis in the modeled population. Variables were pooled
and normalized by 10-fold cross-validation (Fig. 2). The
selected predictors were Platelet crit, Platelet distribution
width, Neutrophil, Aspartate amino transferase, Procalci-
tonin, prothrombin time, activated partial thromboplas-
tin time and D-dimer. Subsequent multifactorial logistic
regression analysis indicated that Platelet crit, Platelet
distribution width, Procalcitonin, prothrombin time, and
D-dimer were independent risk factors for preoperative
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Table 1 Characteristics of patients with DVT group and non-DVT group
Characteristics DVT group Non-DVT group p value
Age 66.96+7.57 68.14+£6.26 0.342
BMI 2495+275 26.08+3.46 0.091
High blood pressure 0.878
Yes 14 (50%) 241 (51.5%)
No 14 (50%) 227 (48.5%)
Diabetes mellitus 0.770
Yes 4(14.3%) 59 (12.6%)
No 24 (85.7%) 409 (87.4%)
Coronary heart disease 1
Yes 1 (3.6%) 32 (6.8%)
No 27 (96.4%) 436 (93.2%)
White blood cell 0.108
Abnormal 3(10.7%) 18 (3.8%)
Normal 25 (89.3%) 450 (96.2%)
Red blood cell 0.598
Abnormal 11 (39.3%) 161 (34.4%)
Normal 17 (60.7%) 307 (65.6%)
Hematocrit 0.182
Abnormal 14 (50%) 175 (37.4%)
Normal 14 (50%) 293 (62.6%)
Mean Corpuscular Volume 0.335
Abnormal 2 (7.1%) 19 (4.1%)
Normal 26 (92.9%) 449 (95.9%)
Mean corpuscular hemoglobin 0.623
Abnormal 0 (0%) 21 (4.5%)
Normal 28 (100%) 447 (95.5%)
Mean corpuscular hemoglobin concentration 1
Abnormal 2(7.1%) 44 (9.4%)
Normal 26 (92.9%) 424 (90.6%)
Red blood cell volume distribution width SD 0436
Abnormal 7 (25%) 89 (19%)
Normal 21 (75%) 379 (81%)
Red blood cell volume distribution width CV 0.606
Abnormal 6 (21.4%) 80 (17.1%)
Normal 22 (78.6%) 388 (82.9%)
Platelet 0.220
Abnormal 3(10.7%) 26 (5.6%)
Normal 25 (89.3%) 442 (94.4%)
Platelet crit 0.003
Abnormal 11 (39.3%) 80 (17.1%)
Normal 17 (60.7%) 388 (82.9%)
Mean Platelet Volume 0.381
Characteristics DVT group Non-DVT group p value
Abnormal 5(17.9%) 118 (25.2%)
Normal 23 (82.1%) 350 (74.8%)
Platelet-larger cell ratio 0.634
Abnormal 8 (28.6%) 115 (24.6%)
Normal 20 (71.4%) 353 (75.4%)
Platelet distribution width 0014
Abnormal 8 (28.6%) 246 (52.6%)
Normal 20 (71.4%) 222 (47.4%)
Neutrophil 0.029
Abnormal 4 (14.3%) 18 (3.8%)
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Table 1 (continued)

Characteristics DVT group Non-DVT group p value
Normal 24 (85.7%) 450 (96.2%)

Lymphocyte 1
Abnormal 3(10.7%) 50 (10.7%)
Normal 25 (89.3%) 418 (89.3%)

Monocyte 1
Abnormal 3(10.7%) 56 (12%)
Normal 25 (89.3%) 412 (88.0%)

Eosinophils 0.659
Abnormal 2 (7.4%) 25 (5.3%)
Normal 26 (92.9%) 443 (94.7%)

Basophil 0214
>0.06 5(17.9%) 49 (10.5%)
<0.06 23 (82.1%) 419 (89.5%)

Neutrophil% 0.161
Abnormal 3(10.7%) 22 (4.7%)
Normal 25 (89.3%) 446 (95.3%)

Lymphocyte% 0.102
Abnormal 6 (21.4%) 46 (9.8%)
Normal 22 (78.6%) 422 (90.2%)

Monocyte% 0.071
Abnormal 5(17.9%) 36 (7.7%)
Normal 23 (82.1%) 432 (92.3%)

Eosinophils% 0.709
Abnormal 2 (7.1%) 31 (6.6%)
Normal 26 (92.9%) 437 (93.4%)

Basophil% 0.283
>1 4 (14.3%) 38(8.1%)
<1 24 (85.7%) 430 (91.9%)

Alanine amino transferase 0.054
Abnormal 5(17.9%) 33 (7.1%)
Normal 23 (82.1%) 435 (92.9%)

Aspartate amino transferase 0.008
Abnormal 7 (25%) 37 (7.9%)

Characteristics DVT group Non-DVT group p value
Normal 21 (75%) 431 (92.1%)

AST/ALT 1
Abnormal 0 (0%) 8 (1.7%)
Normal 28 (100%) 460 (98.3%)

Total bilirubin 0619
>21 0 (0%) 20 (4.3%)
<21 28 (100%) 448 (95.7%)

Direct bilirubin 0.292
>4 2 (10.5%) 17 (89.5%)
<4 26 (92.9%) 451 (96.4%)

Indirect bilirubin 0.387
Abnormal 0 (0%) 26 (5.6%)
Normal 28 (100%) 442 (94.4%)

Total protein 0.030
Abnormal 9 (32.1%) 71 (15.2%)
Normal 19 (67.9%) 397 (84.8%)

Serum albumin 0216

Abnormal
Normal

15 (53.6%)
13 (46.4%)

195 (41.7%)
273 (58.3%)
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Table 1 (continued)

Characteristics DVT group Non-DVT group p value

A/G 0.964
Abnormal 6 (21.4%) 102 (21.8%)
Normal 22 (78.6%) 366 (78.2%)

Blood Urea Nitrogen 1
Abnormal 4 (14.3%) 80 (17.1%)
Normal 24 (85.7%) 388 (82.9%)

Creatinine 0.177
Abnormal 3(10.7%) 100 (21.4%)
Normal 25 (89.3%) 368 (78.6%)

K 1
Abnormal 3(10.7%) 52 (11.1%)
Normal 25 (89.3%) 416 (88.9%)

Na 1
Abnormal 2 (7.1%) 32 (6.8%)
Normal 26 (92.9%) 436 (93.2%)

CL 0.283
Abnormal 4 (14.3%) 38 (8.1%)
Normal 24 (85.7%) 430 (91.9%)

Ca 0475
Abnormal 3(10.7%) 36 (7.7%)
Normal 25 (89.3%) 432 (92.3%)

Procalcitonin 0.000
>0.51 12 (42.9%) 24 (5.1%)
<0.51 16 (57.1%) 444 (94.9%)

Characteristics DVT group Non-DVT group p value

PT 0.000
Abnormal 15 (53.6%) 55 (11.8%)
Normal 13 (46.4%) 413 (88.2%)

INR 1
Abnormal 0 (0%) 4 (0.9%)
Normal 28 (100%) 464 (99.1%)

PT% 1
Abnormal 1 (3.8%) 18 (3.8%)
Normal 27 (96.4%) 450 (96.2%)

FIB 1
Abnormal 2 (7.1%) 43 (9.2%)
Normal 26 (92.9%) 425 (90.8%)

APTT 0.007
Abnormal 4 (14.3%) 11 (2.4%)
Normal 24 (85.7%) 457 (97.6%)

T 1
Abnormal 0 (0%) 11 (2.4%)
Normal 28 (100%) 457 (97.6%)

D-Dimer 0.000
>0.55 18 (64.3%) 121 (25.9%)
<0.55 10 (35.7%) 347 (74.1%)

C reactive protein 0.574
>5 5(17.9%) 65 (13.9%)
<5 23 (82.1%) 403 (86.1%)

Abbreviations: BM/: Body mass index, ALT: Alanine amino transferase, AST: Aspartate amino transferase, PT: Prothrombin time, INR: International normalized ratio, f/B:
Fibrinogen, APTT: Activated partial thromboplastin time, 77: Thrombin time
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Table 2 Characteristics of training and validation sets

Characteristics Training set Validation set p value

Age 67.89+6.35 68.50+6.32 0.292

BMI 26.16+£3.55 25.68+3.10 0.369

Gender 0.368
Male 122 (35.1%) 45 (30.4%)
Female 226 (64.9%) 103 (69.6%)

High blood pressure 0.503
Yes 175 (50.3%) 80 (54.1%)
No 173 (49.7%) 68 (45.9%)

Diabetes mellitus 0.702
Yes 46 (13.2%) 17 (11.5%)
No 302 (86.8%) 131 (88.5%)

Coronary heart disease 0.797
Yes 22 (6.3%) 11 (7.4%)

Characteristics Training set Validation set p value
No 326 (93.7%) 137 (92.6%)

White blood cell 1
Abnormal 15 (4.3%) 6 (4.1%)
Normal 333 (95.7%) 142 (95.9%)

Red blood cell 0.653
Abnormal 118 (33.9%) 54 (36.5%)
Normal 230 (66.1%) 94 (63.5%)

Hemoglobin 1
Abnormal 0 (0%) 0 (0%)
Normal 348 (100%) 148 (100%)

Hematocrit 0.671
Abnormal 130 (37.4%) 59 (39.9%)
Normal 218 (62.6%) 89 (60.1%)

Mean Corpuscular Volume 0.115
Abnormal 11 (3.2%) 10 (6.8%)
Normal 337 (96.8%) 138 (93.2%)

Mean corpuscular hemoglobin 0.548
Abnormal 13 (3.7%) 8 (5.4%)
Normal 335 (96.3%) 140 (94.6%)

Mean corpuscular hemoglobin concentration 0451
Abnormal 35(10.1%) 11 (7.4%)
Normal 313 (89.9%) 137 (92.6%)

Red blood cell volume distribution width SD 0.303
Abnormal 72 (20.7%) 24 (16.2%)
Normal 276 (79.3%) 124 (83.8%)

Red blood cell volume distribution width CV 0.828
Abnormal 59 (17%) 27 (18.2%)
Normal 289 (83%) 121(81.8%)

Platelet 0.723
Abnormal 19 (5.5%) 10 (6.8%)
Normal 329 (94.5%) 138 (93.2%)

Platelet crit 0.552
Abnormal 61 (17.5%) 30 (20.3%)
Normal 287 (82.5%) 118 (79.7%)

Mean Platelet Volume 0.963
Abnormal 87 (25%) 36 (24.3%)
Normal 261 (75%) 112 (75.7%)

Platelet-larger cell ratio 0.963

Abnormal 87 (25%) 36 (24.3%)
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Table 2 (continued)

Characteristics Training set Validation set p value
Normal 261 (75%) 112 (75.7%)

Platelet distribution width 0.262
Abnormal 172 (49.4%) 82 (55.4%)
Normal 176 (50.6%) 66 (44.6%)

Characteristics Training set Validation set p value

Neutrophil 0.325
Abnormal 18 (5.2%) 4(2.7%)
Normal 330 (94.8%) 144 (97.3%)

Lymphocyte 0.394
Abnormal 34 (9.8%) 19 (12.8%)
Normal 314 (90.2%) 129 (87.2%)

Monocyte 0.074
Abnormal 35(10.1%) 24 (16.2%)
Normal 313 (89.9%) 124 (83.8%)

Eosinophils 1
Abnormal 329 (94.5%) 140 (94.6%)
Normal 19 (5.5%) 8 (5.4%)

Basophil 0410
>0.06 41 (11.8%) 13 (8.8%)
<0.06 307 (88.2%) 135(91.2%)

Neutrophil% 0.641
Abnormal 16 (4.6%) 9 (6.1%)
Normal 332 (95.4%) 139 (93.9%)

Lymphocyte% 0.202
Abnormal 32 (9.2%) 20 (13.5%)
Normal 316 (90.8%) 128 (86.5%)

Monocyte% 0.330
Abnormal 316 (90.8%) 139 (93.9%)
Normal 32(9.2%) 9 (6.1%)

Eosinophils% 1
Abnormal 23 (6.6%) 10 (6.8%)
Normal 325 (93.4%) 138 (93.2%)

Basophil% 0.285
> 33 (9.5%) 9(6.1%)
<1 315 (90.5%) 139 (93.9%)

Alanine amino transferase 0.953
Abnormal 26 (7.5%) 12 (8.1%)
Normal 322 (92.5%) 136 (91.9%)

Aspartate amino transferase 0.828
Abnormal 32(9.2%) 12 (8.1%)
Normal 316 (90.8%) 136 (91.9%)

AST/ALT 0.247
Abnormal 4(1.1%) 4(2.7%)
Normal 344 (98.9%) 144 (97.3%)

Total bilirubin 1
>21 14 (4%) 6 (4.1%)
<21 334 (96%) 142 (95.9%)

Direct bilirubin 1

Characteristics Training set Validation set p value
>4 13(3.7%) 6 (4.1%)
<4 335(96.3%) 142 (95.9%)

Indirect bilirubin 1

Abnormal 330 (94.8%) 140 (94.6%)




Wang et al. Thrombosis Journal (2024) 22:21 Page 10 of 16

Table 2 (continued)

Characteristics Training set Validation set p value
Normal 18 (5.2%) 8 (5.4%)

Total protein 0.368
Abnormal 288 (82.8%) 128 (86.5%)
Normal 60 (17.2%) 20 (13.5%)

Serum albumin 0409
Abnormal 152 (43.7%) 58 (39.2%)
Normal 196 (56.3%) 90 (60.8%)

Globulin 1
Abnormal 0 (0%) 0 (0%)
Normal 348 (100%) 148 (100%)

A/G 0517
Abnormal 79 (22.7%) 29 (19.6%)
Normal 269 (77.3%) 119 (80.4%)

Blood Urea Nitrogen 0.502
Abnormal 62 (17.8%) 22 (14.9%)
Normal 286 (82.2%) 126 (85.1%)

Creatinine 0.955
Abnormal 73 (21%) 30 (20.3%)
Normal 275 (79%) 118 (79.7%)

K 0.201
Abnormal 34 (9.8%) 21 (14.2%)
Normal 314 (90.2%) 127 (85.8%)

Na 0.193
Abnormal 20 (5.7%) 14 (9.5%)
Normal 328(94.3%) 134 (90.5%)

CL 1
Abnormal 29 (8.3%) 13 (8.8%)
Normal 319 (91.7%) 135(91.2%)

Ca 1
Abnormal 27 (7.8%) 12 (8.1%)
Normal 321 (92.2%) 136 (91.9%)

Procalcitonin 0.639
>0.51 27 (7.8%) 9 (6.1%)
<0.51 321 (92.2%) 139 (93.9%)

Glucose
Abnormal 0 (0%) 0 (0%)
Normal 348 (100%) 148 (100%)

PT 0.194
Abnormal 44 (12.6%) 26 (17.6%)

Characteristics Training set Validation set p value
Normal 304 (87.4%) 122 (82.4%)

INR 0323
Abnormal 4(1.1%) 0 (0%)
Normal 344 (98.9%) 148 (100%)

PT% 0.267
Abnormal 16 (4.6%) 3 (2%)
Normal 332 (95.4%) 145 (98%)

FIB 0.714
Abnormal 30 (8.6%) 15 (10.1%)
Normal 318 (91.4%) 133 (89.9%)

APTT 0.250
Abnormal 13 (3.7%) 2 (1.4%)

Normal 335 (96.3%) 146 (98.6%)
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Table 2 (continued)
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Characteristics Training set Validation set p value
T 0.740
Abnormal 7 (2%) 4(2.7%)
Normal 341 (98%) 144 (97.3%)
D-Dimer 0.658
>0.55 95 (27.3%) 44 (29.7%)
<0.55 253 (72.7%) 104 (70.3%)
C reactive protein 0.863
<5 48 (13.8%) 22 (14.9%)
>5 300 (86.2%) 126 (85.1%)

Abbreviations: BM/: Body mass index, ALT: Alanine amino transferase, AST: Aspartate amino transferase, ALB: Serum albumin, GLO: Globulin, PT: Prothrombin time, INR:

International normalized ratio, F/B: Fibrinogen, APTT: Activated partial thromboplastin time, 77: Thrombin time
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Fig. 2 Demographic and clinical risk factors selection using the LASSO binary logistic regression model. (A) The lasso model was cross-validated using
the minimum criterion, with dashed vertical lines plotted at the optimal values (8 factors). (B) The 55 feature LASSO coefficient profiles for logarithmic
(lambda) sequences are constructed

Table 3 Prediction factors for the risk of preoperative DVT

development nomogram

Intercept and variable

Prediction model

development of lower extremity DVT in patients under-
going TKA (Table 3).

B Odds ratio (95% Cl) P-value

Intercept 5047 0006 (0.001-0.022) <0.001 Modeling of nomogram prediction

Platelet crit 2217 82 (2.262-41210) 0.002 The five independent risk factors mentioned above were
Platelet distribution width  -1.630 96 (0.041-0.752) 0026 included and successfully constructed a nomogram for
Neutrophil 0454 1574 (0251-8.119) 0603 the preoperative occurrence of lower extremity DVT
Aspartate amino transferase  0.862  2.369 (0.389-12933) 0328 in patients undergoing TKA (Fig. 3). This nomogram
Procalcitonin 3004 22074 (5214-110.884)  <0.001 assigns individual scores based on the five independent
PT 2378 10778 (2.866-45216)  <0.001 factors, and their sum culminates in a total score. The
APTT 1660  5262(0811-35474) 0079 predicted probability corresponding to the total score is
D-dimer 1487 4424 (1347-15612) 0016 the risk of preoperative occurrence of lower extremity

Note: Sis the regression coefficient

Abbreviations: C/: Confidence interval, PT: Prothrombin time, APTT: Activated

partial thromboplastin time

DVT in patients undergoing TKA.
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Fig. 3 Development of a nomogram for predicting the risk of preoperative DVT development in TKA patients

Evaluation and validation of nomogram
By plotting the ROC curves of the two populations,
AUCs of 0.935 (95%CI: 0.880—0.990) and 0.854 (95%ClL:
0.697-1.000) were obtained, indicating the great discrimi-
native capability of the predictive model (Fig. 4).
Calibration curves showed that the mean absolute error
(MAE) was 0.029 and 0.013 for the two populations, indi-
cating that the predictive model was highly calibrated
(Fig. 5). The C-indexes of the two populations were 0.919
(95% CI: 0.860—0.978) and 0.900 (95% CI: 0.791-1.009),
indicating the favorable discriminative capacity of the
predictive model (Fig. 5). When the threshold probabil-
ity values of the decision curves for the two populations
were in the range of 1-98% and 1-90%, the net benefit
of using the nomogram to predict the risk of develop-
ing lower extremity DVT was better, denoting the strong
clinical utility of the predictive model (Fig. 6).

Discussion

Lower extremity deep vein thrombosis is a common
complication of knee arthroplasty, which brings a heavy
burden to patients and society [24]. In recent years, color
Doppler ultrasound has been widely used in the clini-
cal diagnosis of thrombosis because of its simplicity and

reliability [25], however, there is a lag in its results. There-
fore, identifying DVT risk factors can enable clinicians
to timely adjust treatment measures based on patient
conditions.

Nomogram can translate intricate data into predic-
tive clinical models through mathematical modeling [16,
17]. And no study has developed a prediction model for
preoperative DVT occurrence in TKA. Therefore, we
compiled and analyzed the clinical data of patients who
underwent TKA at our center over the past year, and con-
structed a user-friendly clinical prediction model based
on their clinical characteristics and risk factors associ-
ated with the formation of preoperative DVT, in order to
assess the risk and take appropriate interventions.

Based on previously published results, five influential
factors most associated with the occurrence of preopera-
tive DVT in TKA were screened by lasso regression and
multifactorial logistic regression analyses and a nomo-
gram was constructed. These factors included Platelet
crit, Platelet distribution width, Procalcitonin, prothrom-
bin time, and D-dimer. These predictors incorporated in
the model were common and readily available. The model
exhibited great predictive ability in both the training and
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Fig. 4 Receiver-operating characteristic (ROC) analysis of the risk of preoperative DVT development nomograms in the training (A) and validation (B) sets
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consistency of the nomogram

validation sets, demonstrating robust clinical utility in
foreseeing preoperative lower extremity DVT events in
patients undergoing TKA.

The incidence of preoperative DVT in patients who
underwent TKA in this study was 5.6%, which is simi-
lar to the results reported by Kim et al. Kim KI et al.

screened 311 patients with osteoarthritis for DVT
before knee arthroplasty, reporting a 4.5% preoperative
DVT incidence in TKA [26]. The incidence of preopera-
tive thrombosis has also been reported in the literature
to be higher than in this study. Watanabe H et al. used
16-row multidetector computed tomography to screen
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Fig. 6 Decision curve analysis for the risk of preoperative DVT development nomogram in the training (A) and validation (B) sets. DCA illustrated that
the net benefit of the training model is higher in the threshold probability interval of 1-98%, and the net benefit of the validation model is higher in the

threshold probability interval of 1-90%

for thrombosis in 71 patients undergoing knee arthro-
plasty both preoperatively and postoperatively, and found
a preoperative thromboembolism rate of 8% [27]. Addi-
tionally, Wakabayashi H et al. used ultrasound to screen
for DVT before surgery in 322 patients undergoing knee
arthroplasty, revealing a notably higher incidence of
17.4% preoperative DVT [28]. The reasons for the dif-
ferent incidence of preoperative DVT in TKA may be
related to the demographic characteristics of the study
population and differences in medical history.

A number of studies have screened the risk factors
for preoperative DVT formation in TKA patients, and
then investigated the predictive value of individual fac-
tors for DVT formation. Xiong X et al. collected and
statistically analyzed the clinical data of 458 patients
who underwent TKA, discovering that several serologi-
cal indices, including Platelet crit, Platelet distribution
width, Procalcitonin, and D-dimer, were independent
risk factors for the development of preoperative DVT in
TKA patients [15]. Platelet crit, a parameter evaluating
platelet count and concentration, emerges as a biomarker
linked to DVT development prior to TKA [29]. Another
study by Xiong X et al. concluded that a PCT>0.228% is
an independent risk factor for the development of DVT
before TKA [30]. PCT plays a crucial role in regulat-
ing normal hemostasis and coagulation processes, and
abnormal levels indicate potential platelet count and
function irregularities, thereby elevating thrombosis risk.
Platelet distribution width reflects the degree of plate-
let variability and is a marker of platelet activation [31].

Oztiirk ZA et al. observed significantly lower PDW levels
in the active phase of ulcerative colitis and Crohn’s dis-
ease compared to the remission phase, suggesting that
a decrease in the PDW may be related to progression
or activation of the disease rather than the disease itself
[32]. Ma J et al. found that a decrease in the PDW was
significantly associated with the occurrence of DVT [33].
A decrease in PDW signifies heightened platelet homo-
geneity and increased platelet activity, potentially con-
tributing to DVT development during hypercoagulable
states in the blood. D-dimer is derived from cross-linked
fibrin clots dissolved by fibrinolytic enzymes, serving as
a sensitive biomarker indicative of fibrinolytic activity
and coagulation function [34]. Therefore, it holds sig-
nificance in thrombus screening. Stamou KM et al. noted
that persistently high levels of D-dimer in the early stages
of trauma not only reflect fibrinolytic activity and coagu-
lation, but also hints at the formation of inconspicuous
microthrombi [35]. However, D-dimer can be affected
by a variety of factors in the body, such as trauma, infec-
tion, and tumor [36]. Our study, which excluded these
confounding factors, confirm that D-dimer may be an
important risk factor for preoperative lower extrem-
ity deep vein thrombosis in patients undergoing TKA.
This is consistent with the findings of Jiang et al. who
found that D-dimer>0.5 pg/ml in end-stage osteoarthri-
tis was a risk factor for DVT in patients hospitalized for
TKA [37]. The mechanism behind this association may
involve activated fibronectin during thrombosis, leading
to increased D-dimer expression. The Prothrombin Time
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serves as a vital marker in coagulation screening assays,
detecting the normalization of exogenous coagulation
pathways and common bodily pathways [38]. Neverthe-
less, no study has identified the potential value of PT in
predicting the risk of preoperative DVT in patients with
TKA. Cao et al. compared clinical data between people
who developed DVT after fracture with those who did
not develop DVT after fracture and with healthy con-
trols. They observed that the level of PT was significantly
increased in the DVT group, and they noted that the
optimal threshold for PT to diagnose DVT was 12.05s,
with a sensitivity of 72.92% and specificity of 47.92%
(AUC=0.617, 95% CI 0.505-0.730, p=0.048) [39]. Above
all, the predictors included in our prediction model in
this study were all inflammatory in previous studies,
proving the validity of our study.

In conclusion, the nomogram constructed in this study
has high accuracy and may play an important value in
the early identification and risk prediction of preopera-
tive occurrence of DVT in patients undergoing TKA. It
provides clinicians with more favorable clinical guidance
in terms of medical measure interventions. However,
our study has some limitations: first, it is a single-center
study with a limited sample size, which may limit its gen-
eralization and weaken the statistical analysis, thus bias-
ing the results. Secondly, this is a retrospective study with
incomplete information on some cases, and incomplete
information such as lipids and thrombosis elastogram
were discarded in our study, so it may not have included
all potential factors affecting the occurrence of DVT.
Additionally, our constructed prediction model under-
went internal validation exclusively, lacking external vali-
dation across multiple centers. Thus, the applicability of
our findings to broader populations undergoing TKA in
various regions and countries remains uncertain, and
external validation in a wider population receiving TKA
is needed in subsequent studies to draw more compre-
hensive and reliable conclusions.

Conclusion

In this study, a nomogram was successfully constructed
to predict the risk of preoperative DVT in patients under-
going TKA. The model demonstrates great discrimina-
tory power, calibration and clinical validity. By assessing
individual risk, clinicians can recognize the occurrence of
DVT early and thus implement additional life monitoring
and necessary medical interventions to effectively pre-
vent the progression of DVT.

Acknowledgements
Not applicable.

Author contributions

WZH and GZJ contributed to data collection, analysis, and writing of the
manuscript. MXJ, CGY, XCX and XC contributed to the study design and
writing of the manuscript. All authors read and approved the final manuscript.

Page 15 of 16

Funding
This work was supported by the National Natural Science Foundation of China
(No. 81972075).

Data availability

The datasets generated and/or analyzed during the current study are not
publicly available due to limitations of ethical approval involving the patient
data and anonymity but are available from the corresponding author on
reasonable request.

Declarations

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Ethics approval

This study was approved by the Ethics Committee of the Second Hospital of
Shanxi Medical University. In addition to this, we confirm that all methods
were performed in accordance with the relevant guidelines and regulations.
This study was a retrospective study; therefore, we did not have to ask patients
to sign an informed consent form. About “Medical Research Exemption from
Informed Consent Application Form”was approved by the Ethics Committee
of the Second Hospital of Shanxi Medical University.

Received: 15 November 2023 / Accepted: 29 January 2024
Published online: 16 February 2024

References

1. Fisher WD. Impact of venous thromboembolism on clinical management and
therapy after hip and knee arthroplasty. Can J Surg. 2011;54:344-51.

2. GuoH,WangT,LiCVYuJ, Zhu R Wang M, Zhu Y, Wang J. Development and
validation of a nomogram for predicting the risk of immediate postoperative
deep vein thrombosis after open wedge high tibial osteotomy. Knee Surg
Sports Traumatol Arthrosc. 2023,31:4724-34.

3. Memtsoudis SG, Della Valle AG, Besculides MC, Esposito M, Koulouvaris
P, Salvati EA. Risk factors for perioperative mortality after lower extremity
arthroplasty: a population-based study of 6,901,324 patient discharges. J
Arthroplasty. 2010;25:19-26.

4. YamaguchiT, Hasegawa M, Niimi R, Sudo A. Incidence and time course of
asymptomatic deep vein thrombosis with fondaparinux in patients undergo-
ing total joint arthroplasty. Thromb Res. 2010;126:€323-326.

5. Badge HM, Churches T, Naylor JM, Xuan W, Armstrong E, Gray L, Fletcher J,
Gosbell |, Lin C, Harris IA. Non-compliance with clinical guidelines increases
the risk of complications after primary total hip and knee joint replacement
surgery. PLoS ONE. 2021;16:e0260146.

6. Bala A Huddleston JI 3rd, Goodman SB, Maloney WJ, Amanatullah DF. Venous
thromboembolism Prophylaxis after TKA: aspirin, Warfarin, Enoxaparin, or
factor xa inhibitors? Clin Orthop Relat Res. 2017;475:2205-13.

7. SnowV, Qaseem A, Barry P, Hornbake ER, Rodnick JE, Tobolic T, Ireland B,
Segal JB, Bass EB, Weiss KB, et al. Management of venous thromboembolism:
a clinical practice guideline from the American College of Physicians and the
American Academy of Family Physicians. Ann Intern Med. 2007;146:204-10.

8. HouH,YaoY, Zheng K, Teng H, Rong Z, Chen D, Xu Z, Shi D, Dai J, Li X, Jiang
Q. Does intermittent pneumatic compression increase the risk of pulmonary
embolism in deep venous thrombosis after joint surgery? Blood Coagul
Fibrinolysis. 2016,27:246-51.

9. Falck-YtterY, Francis CW, Johanson NA, Curley C, Dahl OE, Schulman S,

Ortel TL, Pauker SG, Colwell CW Jr. Prevention of VTE in orthopedic surgery
patients: Antithrombotic Therapy and Prevention of Thrombosis, 9th ed:
American College of Chest Physicians evidence-based clinical practice guide-
lines. Chest. 2012;141:¢2785-e325S.

10.  Kakkos SK, Caprini JA, Geroulakos G, Nicolaides AN, Stansby GP, Reddy DJ.
Combined intermittent pneumatic leg compression and pharmacological
prophylaxis for prevention of venous thromboembolism in high-risk patients.
Cochrane Database Syst Rev 2008:Cd005258.



Wang et al. Thrombosis Journal

20.

21

22.

23.

24,

25.

26.

27.

(2024) 22:21

Lin Z, Sun H, Li D, Cai Z, Huang Z, Liu F, Chen M, Wang Y, Xu J, Ma R. A predic-
tion nomogram for deep venous thrombosis risk in patients undergoing
primary total hip and knee arthroplasty: a retrospective study. Thromb J.
2023;21:106.

Campello E, Zabeo E, Radu CM, Spiezia L, Gavasso S, Fadin M, Woodhams B,
Vettor R, Simioni P. Hypercoagulability in overweight and obese subjects who
are asymptomatic for thrombotic events. Thromb Haemost. 2015;113:85-96.
Domingueti CP, Dusse LM, Carvalho M, de Sousa LP, Gomes KB, Fernandes
AP, Diabetes mellitus: the linkage between oxidative stress, inflammation,
hypercoagulability and vascular complications. J Diabetes Complications.
2016;30:738-45.

Stein PD, Hull RD, Kayali F, Ghali WA, Alshab AK, Olson RE. Venous thrombo-
embolism according to age: the impact of an aging population. Arch Intern
Med. 2004;164:2260-5.

Xiong X, Cheng B. Preoperative risk factors for deep vein thrombosis in knee
osteoarthritis patients undergoing total knee arthroplasty. J Orthop Sci.
2023,28:180-7.

Mediouni M, D RS, Madry H, Cucchiarini M, Rai B. A review of translational
medicine. The future paradigm: how can we connect the orthopedic dots
better? Curr Med Res Opin. 2018;34:1217-29.

Weil, Champman S, Li X, Li X, Li S, Chen R, Bo N, Chater A, Horne R. Beliefs
about medicines and non-adherence in patients with stroke, diabetes mel-
litus and rheumatoid arthritis: a cross-sectional study in China. BMJ Open.
2017;7:017293.

Friedman J, Hastie T, Tibshirani R. Regularization paths for generalized Linear
models via Coordinate Descent. J Stat Softw. 2010;33:1-22.

Sauerbrei W, Royston P, Binder H. Selection of important variables and deter-
mination of functional form for continuous predictors in multivariable model
building. Stat Med. 2007,26:5512-28.

Wang H, Zhang L, Liu Z, Wang X, Geng S, Li J, Li T, Ye S. Predicting medication
nonadherence risk in a Chinese inflammatory rheumatic disease population:
development and assessment of a new predictive nomogram. Patient Prefer
Adherence. 2018;12:1757-65.

Kramer AA, Zimmerman JE. Assessing the calibration of mortality bench-
marks in critical care: the Hosmer-Lemeshow test revisited. Crit Care Med.
2007;35:2052-6.

Pencina MJ, D'Agostino RB. Overall C as a measure of discrimination in
survival analysis: model specific population value and confidence interval
estimation. Stat Med. 2004;23:2109-23.

Vickers AJ, Cronin AM, Elkin EB, Gonen M. Extensions to decision curve
analysis, a novel method for evaluating diagnostic tests, prediction models
and molecular markers. BMC Med Inform Decis Mak. 2008;8:53.

Niimi R, Hasegawa M, Shi DQ, Sudo A. The influence of fondaparinux on

the diagnosis of postoperative deep vein thrombosis by soluble fibrin and
D-dimer. Thromb Res. 2012;130:759-64.

Tutar B, Kantarci F, Cakmak OS, Yazici H, Seyahi E. Assessment of deep venous
thrombosis in the lower extremity in Behget's syndrome: MR Venography
versus Doppler ultrasonography. Intern Emerg Med. 2019;14:705-11.

Kim KI, Cho KY, Jin W, Khurana SS, Bae DK. Recent Korean perspective of deep
vein thrombosis after total knee arthroplasty. J Arthroplasty. 2011;26:1112-6.
Watanabe H, Sekiya H, Kariya Y, Hoshino Y, Sugimoto H, Hayasaka S. The inci-
dence of venous thromboembolism before and after total knee arthroplasty

28.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Page 16 of 16

using 16-row multidetector computed tomography. J Arthroplasty.
2011;26:1488-93.

Wakabayashi H, Hasegawa M, Niimi R, Yamaguchi T, Naito Y, Sudo A. The risk
factor of preoperative deep vein thrombosis in patients undergoing total
knee arthroplasty. J Orthop Sci. 2017,22:698-702.

Gulcan M, Varol E, Etli M, Aksoy F, Kayan M. Mean platelet volume is
increased in patients with deep vein thrombosis. Clin Appl Thromb Hemost.
2012;18:427-30.

Xiong X, LiT,Yu S, Cheng B. Association between Platelet Indices and
preoperative deep vein thrombosis in Elderly patients undergoing total
joint arthroplasty: a retrospective study. Clin Appl Thromb Hemost.
2023;29:10760296221149699.

Kaito K, Otsubo H, Usui N, Yoshida M, Tanno J, Kurihara E, Matsumoto K,
Hirata R, Domitsu K, Kobayashi M. Platelet size deviation width, platelet

large cell ratio, and mean platelet volume have sufficient sensitivity and
specificity in the diagnosis of immune thrombocytopenia. Br J Haematol.
2005;128:698-702.

Oztiirk ZA, Dag MS, Kuyumcu ME, Cam H, Yesil Y, Yilmaz N, Aydinli M, Kadayifci
A, Kepekci Y. Could platelet indices be new biomarkers for inflammatory
bowel diseases? Eur Rev Med Pharmacol Sci. 2013;17:334-41.

Ma J, Qin J, Hu J, Shang M, Zhou Y, Liang N, Zhang Y, Zhu Y. Incidence and
hematological biomarkers Associated with preoperative deep venous throm-
bosis following Foot fractures. Foot Ankle Int. 2020;41:1563-70.

Sartori M, Cosmi B, Legnani C, Favaretto E, Valdré L, Guazzaloca G, Rodorigo
G, Cini M, Palareti G. The Wells rule and D-dimer for the diagnosis of isolated
distal deep vein thrombosis. J Thromb Haemost. 2012;10:2264-9.

Stamou KM, Toutouzas KG, Kekis PB, Nakos S, Gafou A, Manouras A, Krespis E,
Katsaragakis S, Bramis J. Prospective study of the incidence and risk factors
of postsplenectomy thrombosis of the portal, mesenteric, and splenic veins.
Arch Surg. 2006;141:663-9.

Peleg K, Rozenfeld M, Radomislensky |, Novikov |, Freedman LS, Israeli A.
Policy encouraging earlier hip fracture surgery can decrease the long-term
mortality of elderly patients. Injury. 2014;45:1085-90.

Jiang T, Yao Y, Xu X, Song K, Pan P, Chen D, Xu Z, Dai J, Qin J, Shi D, Jiang Q.
Prevalence and risk factors of preoperative deep vein thrombosis in patients
with end-stage knee osteoarthritis. Ann Vasc Surg. 2020;64:175-80.

Ramli NN, Iberahim S, Mohd Noor NH, Zulkafli Z, Tengku Md Shihabuddin TM,
Din MH, Mohamed Saat MA, Samsudin AHZ. Haemostasis and inflammatory
parameters as potential diagnostic biomarkers for VTE in Trauma-immobi-
lized patients. Diagnostics (Basel) 2023, 13.

Cao X, SuY, Zhang W, Zhao H, Wen M, Lu S, Zhao Y, Chen Y, Liu L, Zang X, Wu
J.The impact of anticoagulant activity of tissue factor pathway inhibitor mea-
sured by a Novel Functional Assay for Predicting Deep venous thrombosis in
Trauma patients: a prospective nested case-control study. Clin Appl Thromb
Hemost. 2021;27:10760296211063877.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Establishment and validation of a nomogram predicting the risk of deep vein thrombosis before total knee arthroplasty
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Patients
	﻿Procedure
	﻿Statistical analysis

	﻿Results
	﻿Characteristics of the patients
	﻿Lasso regression and multifactor logistic regression analysis
	﻿Modeling of nomogram prediction
	﻿Evaluation and validation of nomogram

	﻿Discussion
	﻿Conclusion
	﻿References


