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Abstract

Background: Although isolated distal deep vein thrombosis (IDDVT) is a clinical complication for acute ischemic
stroke (AIS) patients, very few clinicians value it and few methods can predict early IDDVT. This study aimed to
establish and validate an individualized predictive nomogram for the risk of early IDDVT in AIS patients.

Methods: This study enrolled 647 consecutive AIS patients who were randomly divided into a training cohort (n =
431) and a validation cohort (n = 216). Based on logistic analyses in training cohort, a nomogram was constructed
to predict early IDDVT. The nomogram was then validated using area under the receiver operating characteristic
curve (AUROC) and calibration plots.

Results: The multivariate logistic regression analysis revealed that age, gender, lower limb paralysis, current
pneumonia, atrial fibrillation and malignant tumor were independent risk factors of early IDDVT; these variables
were integrated to construct the nomogram. Calibration plots revealed acceptable agreement between the
predicted and actual IDDVT probabilities in both the training and validation cohorts. The nomogram had AUROC
values of 0.767 (95% CI: 0.742–0.806) and 0.820 (95% CI: 0.762–0.869) in the training and validation cohorts,
respectively. Additionally, in the validation cohort, the AUROC of the nomogram was higher than those of the other
scores for predicting IDDVT.

Conclusions: The present nomogram provides clinicians with a novel and easy-to-use tool for the prediction of the
individualized risk of IDDVT in the early stages of AIS, which would be helpful to initiate imaging examination and
interventions timely.
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Introduction
Deep vein thrombosis (DVT) is a common but prevent-
able complication in hospitalized stroke patients [1–3].
Although the incidence of clinically evident DVT after
stroke is generally between 2 and 20% [4, 5], this rate
has been reported to increase to 75% in immobilized
post-stroke patients who do not receive prophylaxis [6].
In the absence of preventive measures, first-time DVT
may occur as early as the second day after stroke onset
and occurrence peaks from 2 to 7 days post-stroke [5, 7].
In particular, post-stroke DVT predominantly affects

the paretic or plegic leg [5] and approximately two-
thirds of cases are observed below the knee [8]. Isolated
distal deep vein thrombosis (IDDVT) is thrombosis re-
stricted to the infra-popliteal deep veins that account for
approximately 23–59% of all DVT cases [9]. The inci-
dence of IDDVT in inpatients range from 12 to 17%,
and it can lead to poor prognosis including high rate of
death and the recurrence rate of venous thromboembol-
ism (VTE) [10–13]. Meanwhile, a review summarized
that about 25–33% of IDDVT patients without treat-
ment extended proximally, which would lead to a high
risk of pulmonary embolism (PE) [14]. A prospective
study showed that the rate of PE in patients with IDDV
T was 8.7% [15]. Besides, long-standing IDDVT is asso-
ciated with post-thrombotic syndrome (PTS), which pre-
sents as venous insufficiency and reduces the patient’s
quality of life [16].
The identification of patients with a high risk of early

IDDVT is crucial due to its adverse clinical outcomes.
Currently, compression ultrasound (CUS) is the most
common tool for the diagnosis of IDDVT. It is per-
formed in patients with suspected leg DVT by complete
CUS examination of all deep veins [14]. However, the
clinical judgment of “suspected” had subjectivity and re-
cent study found the sensitivity and specificity of CUS
was not satisfactory for IDDVT [12]. Furthermore, due
to the increasing number of asymptomatic post-stroke
IDDVT cases [17], CUS may sometimes be relatively too
late to detect early IDDVT and perform beneficial inter-
ventions, which results in poor clinical outcomes. Cur-
rently, due to the lack of objective and reliable clinical
signs and symptoms, there are no accurate prediction
methods for the early detection of IDDVT to initiate
timely CUS monitoring and interventions. Hence, a sim-
ple and evidence-based method for assessing a patient’s
individual risk of early IDDVT after stroke becomes
much needed in the healthcare settings.
Recently, with the advantages of easily accessible for-

mat, nomograms have been used to provide accurate
risk assessments of specific clinical outcomes for individ-
ual patients based on significant factors. Although no-
mograms appear to be a tool that can assist clinical staff
in determining diagnostic and therapeutic strategies for

various diseases [18, 19], they have not yet been used for
the prediction of IDDVT.
The early detection of patients at a high risk of IDDV

T would be helpful for disease management and improv-
ing the prognoses of patients. Thus, the present study
aimed to establish and validate a predictive nomogram
model that could effectively identify early IDDVT risk in
acute ischemic stroke (AIS) patients. This would aid cli-
nicians in identifying patients with a higher risk of early
IDDVT and enable these patients to receive CUS and
appropriate therapies in time.

Method
Patient selection
Consecutive AIS patients who presented at the hospital
from March 2014 to March 2016 were recruited for this
retrospective study using the clinical database of the De-
partment of Neurology at the First Affiliated Hospital of
Wenzhou Medical University. The diagnosis of AIS was
based on clinical symptoms and confirmed by cranial
computerized tomography or magnetic resonance im-
aging scans within 72 h of admission.
The present study included patients who were hospi-

talized for more than 7 days, and presented with a
neurological deficit at admission (National Institutes of
Health Stroke Scale [NIHSS] score ≥ 3). The exclusion
criteria were as follows: (1) diagnosis of transient ische-
mic attacks; (2) discharge prior to the ultrasound or not
undergoing an ultrasound; (3) with a history of any cen-
tral nervous system disease such as Parkinson’s disease,
hydrocephalus, or dementia; (4) with a history of VTE;
(5) with a history of anticoagulant therapy for other indi-
cations; (6) concomitant proximal DVT or symptomatic
pulmonary embolism; (7) the presence of severe hepatic
or renal diseases; and (8) lack of complete medical
records.
Ultimately, 647 AIS patients were eligible for inclusion

in this study (Fig. 1). According to the randomized 2:1
assortment procedure, two-thirds of the patients (n =
431) were classified into the training cohort, which was
used to develop a predictive nomogram model, and the
remaining 216 patients were assigned to the validation
cohort, which was used to evaluate the performance of
the model.

Data collection
The neurological deficit at admission was based on each
patient’s NIHSS score. The lower limb paralysis was de-
fined as lower limbs with NIHSS score of > 2 on item VI
[2]. Standard demographic data, including age, gender
was collected from the patients’ medical records and
clinical parameters, including subtype of stroke, current
pneumonia, hypertension, diabetes, current malignant
tumor, atrial fibrillation, and current uarthritis, were also
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assessed. This study only recorded hospital-acquired
pneumonia; pneumonia before stroke was not consid-
ered. Baseline laboratory parameters, including albumin
(ALB) levels, fasting blood glucose levels, serum creatin-
ine concentration (SCr), homocysteine (Hcy) levels, the
international normalized ratio (INR), fibrinogen levels,
D-Dimer levels, c-reactive protein (CRP) levels, and
high-sensitivity C-reactive protein (hs-CRP) levels, were
measured within 24 h of admission. Furthermore, the ad-
ministration of anticoagulant, antiplatelet, lipid-lowering,
hormonal and thrombolysis therapies for acute stroke
during hospitalization was recorded.

Whole-leg ultrasonography investigation
A comprehensive real-time B-mode and color Doppler
compression ultrasonography examination of both legs
was performed routinely at admission and 7 (± 3) days
after stroke onset by two experienced vascular physicians

who were blind to the baseline health status of each pa-
tient. Subsequently, patients with DVT that occurred
early in the course of stroke were identified. The diagno-
sis of DVT was based on the detection of an incom-
pressible segment or an insufficiently compressible
lesion in the transverse plane. For the present study,
IDDVT was specifically defined as isolated below-knee
DVT that occurred below the level of the popliteal vein
(anterior tibial veins, posterior tibial veins, peroneal
veins, and isolated muscular veins) in the absence of
proximal DVT.

Scoring systems and prognostic models
Several models can be used to predict DVT. The Liu
model is a 7-point scoring model that includes age, sex,
obesity, active cancer, stroke subtype, and muscle weak-
ness that is highly predictive of ta 14-day risk of DVT in
Chinese acute stroke patients [2]. The IMPROVE score,

Fig. 1 Study flow diagram. AIS, acute ischemic stroke; NIHSS, National Institutes of Health Stroke Scale. DVT, deep vein thrombosis; VTE,
venous thromboembolism
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which includes age > 60 years, prior cancer, prior VTE, an
intensive care unit or critical care unit stay, lower limb
paralysis, immobility, and known thrombophilia state, has
a desirable value for predicting the risk of thromboembol-
ism in hospitalized medical patients [20, 21]. Another
model used to predict DVT is the Padua Prediction Score,
which contained active cancer, previous VTE, reduced
mobility, known thrombophilic condition, recent trauma
and/or surgery, age ≥ 70 years, heart and/or respiratory
failure, acute myocardial infarction or ischemic stroke,
acute infection and/or rheumatologic disorder, obesity,
and hormonal treatments [22].

Statistical analysis
All continuous data are presented as the mean ± stand-
ard deviation or median with interquartile range, as ap-
propriate, while relative frequencies and proportions are
used to express categorical values. Continuous variables
were compared using Student’s t-test or the Mann–
Whitney U test depending on their distributions, while
the Chi-square or Fisher’s exact tests were used to com-
pare categorical data. Univariate and multivariate logistic
regression analyses were performed to define independ-
ent factors that were strongly associated with IDDVT.
After adjusting for the main baseline variables that were
found to be related to IDDVT in the univariate logistic
regression analysis, a multivariate-adjusted binary logis-
tic regression was applied to identify the significant clin-
ical predictors of IDDVT in the training cohort.
Based on the univariate and multivariate logistic

models, an IDDVT nomogram was constructed to esti-
mate IDDVT probability; the model was then validated
for discrimination and calibration. A validation of the
final multivariate model was performed by a bootstrap
method with 1000 resamples and the area under the re-
ceiver operating characteristic curve (AUROC) was cal-
culated to evaluate the discrimination performance of
the IDDVT nomogram in training cohort. Model cali-
bration was assessed by plotting the observed probabil-
ities against the predicted probabilities to determine the
predictive accuracy of the nomogram. Additionally, val-
idation was carried out using patients in the validation
cohort and the discriminative ability and predictive ac-
curacy performance of the nomogram model were esti-
mated using AUROC and calibration plots. Furthermore,
using the AUROC method, the final IDDVT nomogram
was compared with other predictive models, including
the IMPROVE score, Liu score, and Padua score, to as-
sess its predictive power of early IDDVT.
Two-sided P values < 0.05 were considered to indicate

statistical significance. All statistical analyses were car-
ried out with SAS statistical software, version 9.2 (SAS
Institute Inc., Cary, NC, USA), R 3.4.1 (R Development

Core Team, http://www.r-project. org), and MedCalc,
version 13.0 (MedCalc Software, Ostend, Belgium).

Results
Clinical characteristics of the study cohort
Initially, 647 eligible patients were enrolled in this ana-
lysis; of these patients, 142 (21.9%) presented with IDDV
T during the first 7 (± 3) days of hospitalization. There
were no significant differences (P > 0.05) between the
training and validation cohorts in terms of basic clinical
characteristics or laboratory variables (Table 1). The in-
cidence rates of IDDVT after AIS were similar in the
two cohorts: 96 of 431 (22.3%) patients in the training
cohort were confirmed with IDDVT and 46 of 216
(21.3%) patients in the validation cohort developed
IDDVT.

Baseline characteristics of patients in the training cohort
stratified by IDDVT
The baseline characteristics of the training cohort sub-
groups with and without IDDVT are presented in
Table 2. Compared to patients without IDDVT, patients
with IDDVT were more likely to be older (P < 0.001;
Table 2) and female (P = 0.001; Table 2), and showed
higher levels of D-Dimer (P < 0.001; Table 2), CRP (P =
0.008; Table 2) and hs-CRP (P = 0.021; Table 2), whereas
lower levels of SCr (P = 0.016; Table 2). There was also a
trend showing that patients with IDDVT had more inci-
dence of lower limb paralysis (59.4% vs. 33.4%; P < 0.001;
Table 2). Additionally, more patients in the IDDVT
group developed malignant tumor (10.4% vs. 3.3%; P =
0.004; Table 2), suffered from pneumonia (36.5% vs.
14.6%; P < 0.001; Table 2), and had atrial fibrillation
(34.4% vs. 14.3%; P < 0.001; Table 2).

Independent predictors of IDDVT in patients with AIS
A univariate analysis of the training cohort revealed that
age, gender, lower limb paralysis, malignant tumor,
current pneumonia, and atrial fibrillation were associated
with a greater risk of developing early IDDVT after AIS
(Table 3). Thus, these factors were entered in the multi-
variate regression analysis to screen for significant predic-
tors of IDDVT. The final multivariate logistic regression
analysis results revealed that these six variables (age, gen-
der, lower limb paralysis, malignant tumor, current pneu-
monia, and atrial fibrillation) acted as independent
predictors of IDDVT among AIS patients (Table 3).

Construction of the predictive nomogram for IDDVT in
patients with AIS
Based on the six independent predictors of IDDVT iden-
tified in the final multivariate logistic regression model,
a nomogram for predicting IDDVT in AIS patients was
constructed using R software (Fig. 2). Each subtype
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within these variables corresponded to a matching score
on the point scale and, after summing the total scores
and positioning them on the total point scale, it was pos-
sible to draw a vertical line down to the IDDVT scale to
obtain the predicted probability of IDDVT.

Validation of the predictive nomogram
Next, a verification of the nomogram was completed in
the training cohort. The predictive nomogram exhibited
a relatively good discriminative capacity based on an
AUROC value of 0.767 (95% CI: 0.742–0.806; Fig. 3a).

Table 1 Baseline characteristics of AIS patients in training cohort and validation cohort

Variables Total sample (n = 647) Training cohort (n = 431) Validation cohort
(n = 216)

P-value

IDDVT, n (%) 142 (21.9%) 96 (22.3%) 46 (21.3%) 0.777

Demographic characteristics

Age (years) 68.5 ± 12.1 68.9 ± 12.0 67.7 ± 12.4 0.224

Gender 0.839

male, n (%) 381 (58.9%) 255 (59.2%) 126 (58.3%)

female, n (%) 266 (41.1%) 176 (40.8%) 90 (41.7%)

Subtype of stroke, n (%) 0.216

Large-artery atherosclerosis 516 (79.8%) 340 (78.9%) 176 (81.5%)

Cardioembolism 80 (12.4%) 54 (12.5%) 26 (12.0%)

Small-artery occlusion 6 (0.9%) 2 (0.5%) 4 (1.9%)

Other or undetermined 25 (3.9%) 20 (4.6%) 5 (2.3%)

Unknown 20 (3.1%) 15 (3.5%) 5 (2.3%)

Clinical parameters, n (%)

Lower limb paralysis 248 (38.3%) 169 (39.2%) 79 (36.6%) 0.515

Current pneumonia 132 (20.4%) 84 (19.5%) 48 (22.2%) 0.416

Atrial fibrillation 114 (17.6%) 81 (18.8%) 33 (15.3%) 0.268

Arterial hypertension 504 (77.9%) 327 (75.9%) 177 (81.9%) 0.079

Diabetes mellitus 236 (36.5%) 151 (35.0%) 85 (39.4%) 0.282

Current malignant tumor 34 (5.3%) 21 (4.9%) 13 (6.0%) 0.538

Current uarthritis 27 (4.2%) 17 (3.9%) 10 (4.6%) 0.681

Laboratory parameters

Albumin (g/L) 36.9 ± 4.1 36.9 ± 4.1 37.0 ± 4.0 0.812

Fast blood glucose (mmol/L) 6.0 ± 2.4 5.9 ± 2.3 6.2 ± 2.7 0.255

SCr (μmol/L) 67.0 (55.0–82.0) 67.0 (55.0–82.0) 68.5 (56.0–80.0) 0.814

Hcy (μmol/L) 6.5 ± 8.4 6.1 ± 3.8 7.4 ± 14.0 0.162

INR 1.1 ± 0.3 1.1 ± 0.3 1.1 ± 0.3 0.247

Fibrinogen (g/L) 3.6 ± 1.5 3.6 ± 1.5 3.7 ± 1.4 0.215

D-Dimer (mg/L) 1.3 (0.9–2.6) 1.3 (0.9–2.6) 1.4 (1.0–2.4) 0.675

CRP (mg/L) 8.6 (3.3–23.1) 10.4 (3.4–23.1) 6.0 (3.2–21.4) 0.363

hs-CRP (mg/L) 4.8 (1.1–13.8) 4.2 (1.2–12.8) 5.8 (1.1–21.1) 0.553

Initial treatment in hospital, n (%)

Anticoagulants 200 (30.9%) 138 (32.0%) 62 (28.7%) 0.390

Antiplatelet 546 (84.4%) 358 (83.1%) 188 (87.0%) 0.189

Lipid-lowering agents 627 (96.9%) 417 (96.8%) 210 (97.2%) 0.744

Thrombolysis 76 (11.7%) 56 (13.0%) 20 (9.3%) 0.164

Hormonal treatment 32 (4.9%) 20 (4.6%) 12 (5.6%) 0.613

NOTE. CRP c-reactive protein; Hcy homocysteine; hs-CRP high-sensitivity C-reactive protein; IDDVT isolated distal deep venous thrombosis; SCr serum
creatinine concentration
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Additionally, the calibration plot showed that the pre-
dicted probability of IDDVT of the nomogram was
closely approximated by the actual observations (Fig. 4a).
The mean absolute error between the prediction prob-
ability and the actual probability in the training cohort
was 0.035. Ideally, a completely accurate prediction
model would generate a plot on which the observed and
predicted probabilities fall along the 45° line [23].

Validation was also assessed in the validation cohort
by verifying the comparison between the predicted prob-
ability of the nomogram and the actual probability of
each patient. The calibration plot revealed good
consistency between the predicted and actual probabil-
ities with a mean absolute error of 0.017 between these
probabilities (Fig. 4b). The AUROC of the predictive
nomogram was 0.820 (95% CI: 0.762–0.869; Fig. 3b).

Table 2 Baseline characteristics of AIS patients with IDDVT and Non-IDDVT in training cohort

Variables Training cohort (n = 431)

Non-IDDVT (n = 335) IDDVT (n = 96) P-value

Demographic characteristics

Age (years) 67.6 ± 12.6 73.4 ± 8.4 < 0.001

Gender 0.001

male, n (%) 212 (63.3%) 43 (44.8%)

female, n (%) 123 (36.7%) 53 (55.2%)

Subtype of stroke, n (%) 0.248

Large-artery atherosclerosis 271 (80.9%) 69 (71.9%)

Cardioembolism 36 (10.7%) 18 (18.8%)

Small-artery occlusion 2 (0.6%) 0

Other or undetermined 15 (4.5%) 5 (5.2%)

Unknown 11 (3.3%) 4 (4.2%)

Clinical parameters, n (%)

Lower limb paralysis 112 (33.4%) 57 (59.4%) < 0.001

Current pneumonia 49 (14.6%) 35 (36.5%) < 0.001

Atrial fibrillation 48 (14.3%) 33 (34.4%) < 0.001

Arterial hypertension 256 (76.4%) 71 (74.0%) 0.620

Diabetes mellitus 115 (34.3%) 36 (37.5%) 0.566

Current malignant tumor 11 (3.3%) 10 (10.4%) 0.004

Current uarthritis 15 (4.5%) 2 (2.1%) 0.288

Laboratory parameters

Albumin (g/L) 37.1 ± 4.2 36.4 ± 4.0 0.170

Fast blood glucose (mmol/L) 5.9 ± 2.2 6.0 ± 2.4 0.556

SCr (μmol/L) 68.0 (57.0–83.0) 63.5 (52.0–78.2) 0.016

Hcy (μmol/L) 6.1 ± 3.8 6.3 ± 3.9 0.697

INR 1.1 ± 0.3 1.1 ± 0.2 0.673

Fibrinogen (g/L) 3.6 ± 1.5 3.6 ± 1.6 0.848

D-Dimer (mg/L) 1.2 (0.8–2.1) 1.8 (1.2–3.7) < 0.001

CRP (mg/L) 7.3 (3.2–18.6) 14.6 (5.9–31.5) 0.008

hs-CRP (mg/L) 3.5 (1.0–11.8) 8.5 (3.9–32.4) 0.021

1 n (%)

Anticoagulants 101 (30.1%) 37 (38.5%) 0.120

Antiplatelet 281 (83.9%) 77 (80.2%) 0.398

Lipid-lowering agents 324 (96.7%) 93 (96.9%) 0.938

Thrombolysis treatment 12 (3.6%) 8 (8.3%) 0.051

NOTE. CRP c-reactive protein; Hcy homocysteine; hs-CRP high-sensitivity C-reactive protein; IDDVT isolated distal deep venous thrombosis; SCr serum
creatinine concentration
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Clinical pretest probability assessment
Each patient was also assessed for IDDVT using the Liu
score, IMPROVE score, and Padua score to further evalu-
ate the predictive ability of the nomogram for IDDVT. In
this result, the AUROC of the nomogram prediction
(0.820, 95% CI: 0.762–0.869) was significantly higher than
the Liu score prediction (0.760, 95% CI: 0.697–0.815; P =
0.024), the IMPROVE prediction (0.750, 95% CI: 0.687–
0.806; P = 0.005), and the Padua prediction (0.752, 95% CI:
0.689–0.808; P = 0.006; Fig. 3b).

Discussion
In this study, we established and validated a novel and
simple nomogram-derived score for predicting the oc-
currence of early IDDVT in AIS patients within 7 days
of stroke onset. And this score was applicable to AIS pa-
tients who did not have previous DVT. The IDDVT

nomogram prediction model identified several factors
that were associated with the patient profile, including
age, gender, lower limb paralysis, malignant tumor,
pneumonia, and atrial fibrillation. This model exhibited
good discrimination in both the training and validation
cohorts. The present nomogram model can be easily ap-
plied to daily clinical practice and can be helpful for the
screening of AIS patients who may be at a high risk of
IDDVT, which would be benefit to initiate CUS and in-
terventions timely.
DVT, as a common complication in hospitalized AIS

patients, may delay the rehabilitation of stroke, cause
postphlebitic leg, varicose ulcers and PE [2]. As is
known, IDDVT accounts for approximately 23–59% of
all DVT cases [9] and the incidence of IDDVT in inpa-
tients range from 12 to 17%. 25–33% of IDDVTs who
without treatment extended proximally [14]. Thus,

Table 3 Univariate and multivariate analysis of the associations between IDDVT and baseline characteristics in training cohort

Variables Univariate analysis Multivariate analysis

β coefficient OR 95% CI P-value β coefficient OR 95% CI P-value

Demography parameters

Age (years) 0.047 1.048 1.025–1.072 < 0.001 0.028 1.028 1.003–1.054 0.029

Gender (female) 0.753 2.124 1.342–3.364 0.001 0.638 1.893 1.142–3.137 0.013

Clinical parameters

Lower limb paralysis −1.744 2.910 1.826–4.639 < 0.001 0.987 2.682 1.623–4.434 < 0.001

Current pneumonia 1.209 3.349 2.002–5.601 < 0.001 0.846 2.331 1.321–4.111 0.003

Atrial fibrillation 1.142 3.132 1.861–5.270 < 0.001 0.989 2.689 1.525–4.743 0.001

Arterial hypertension −0.132 0.876 0.521–1.476 0.620

Diabetes mellitus 0.138 1.148 0.717–1.838 0.566

Current malignant tumor 1.231 3.425 1.408–8.330 0.007 1.322 3.750 1.442–9.751 0.007

Current uarthritis −0.790 0.454 0.102–2.021 0.300

Laboratory parameters

Albumin (g/L) −0.038 0.963 0.912–1.016 0.171

Fast blood glucose (mmol/L) −0.038 1.030 0.933–1.138 0.555

SCr (μmol/L) −0.003 0.997 0.990–1.005 0.473

Hcy (μmol/L) 0.014 1.014 0.944–1.090 0.696

INR −0.184 0.832 0.353–1.960 0.674

Fibrinogen (g/L) 0.015 1.015 0.875–1.177 0.847

D-Dimer (mg/L) 0.032 1.033 0.983–1.085 0.200

CRP (mg/L) 0.004 1.004 0.995–1.012 0.393

hs-CRP (mg/L) 0.008 1.008 0.997–1.019 0.149

Initial treatment in hospital

Anticoagulants 0.374 1.453 0.906–2.331 0.121

Antiplatelet −0.250 0.779 0.436–1.392 0.399

Lipid-lowering agents −1.299 1.052 0.288–3.851 0.938

Thrombolysis −1.258 1.064 0.546–2.071 0.856

Hormonal treatment −1.300 2.447 0.970–6.172 0.058

NOTE. CI confidence interval; CRP c-reactive protein; Hcy homocysteine; hs-CRP high-sensitivity C-reactive protein; IDDVT isolated distal deep venous thrombosis;
OR odds ratio; SCr serum creatinine concentration
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consistent with DVT, IDDVT could lead to poor prog-
nosis including high rate of death, the recurrence rate of
VTE, PE and PTS [10–14, 16]. Meanwhile, proximal
DVT (symptomatic) and PE are easily to recognize and
diagnosis in time. While IDDVT used to present as
asymptomatic and indiscoverable; and the most common
tool for the diagnosis of IDDVT is CUS with unsatisfac-
tory sensitivity and specificity [12]. Our predictive
nomogram model could effectively help clinicians in
identifying patients with a higher risk of early IDDVT
and enable these patients to receive CUS and appropri-
ate therapies in time.
Consistent with previous studies, the present findings

revealed that gender, age, and a history of atrial fibrilla-
tion could contribute to the development of IDDVT. In
particular, the present study showed that atrial fibrilla-
tion played an important role in the development of
DVT. A Northern Norway study found that atrial fibril-
lation is associated with an increased risk of subsequent
VTE [24], which is similar to the findings of a
population-based cohort study conducted in China [25].
Because atrial fibrillation can lead to venous stasis, this
may lead to a subsequent increase in the risk of VTE

through the activation of coagulation factors and plate-
lets [26]. For example, a recent review found that inflam-
mation and various growth factors may play potential
roles in promoting a pro-thrombotic state during atrial
fibrillation [27]. In terms of gender, many studies have
found that female patients are more likely to develop
DVT after stroke [2, 28]; this is consistent with our re-
sults. Age is also a well-known risk factor of IDDVT that
many prediction models have identified as a predictive
factor [2, 20–22]. Additionally, some studies have noted
that the incidence of VTE is expected to increase with
age [29, 30]. The present results also suggest that malig-
nant tumor is commonly related to IDDVT. Cancer is
doubtlessly a major risk factor for VTE as it accounts for
approximately 20% of VTE cases [31] and several studies
found that patients with cancer-related IDDVT are more
likely to relapse into VTE [32–34]. Furthermore, a re-
view study concluded that some cancer-associated path-
ways may be related to the onset of VTE. For example,
cancers may increase the risk of VTE by producing neu-
trophil extracellular traps, inducing monocytes to ex-
press tissue factor (TF), and leading to thrombocytosis
[35]. Similarly, cancer treatments, such as

Fig. 2 Nomogram model for predicting the risk of early IDDVT in patients with AIS. For all patients, adding up the points identified on the points
scale for all six indicators. Then, the sum is located on the “Total Points” axis. Finally, the risk of IDDVT according to the nomogram is the
probability of “IDDVT” corresponding to “Total Points”
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immunosuppressive or cytotoxic chemotherapy, may
have similar effects. A case study of a patient with
leukemia who received L-asparaginase therapy described
the development of vein thrombosis due to therapy-
induced reductions of plasma plasminogen and anti-
thrombin III levels in the patient [36]. Additionally, two

placebo-controlled studies showed that lenalidomide and
dexamethasone for the treatment of multiple myeloma
increase the incidence of venous thrombosis [37].
The present IDDVT prediction model identified lower

limb paralysis as a risk factor. A case-control study with
a large sample size conducted in the United States found

Fig. 3 Area under the receiver operating characteristic curve for prediction of IDDVT among different scoring systems in training cohort (panel a)
and validation cohort (panel b). P values: a vs. b = 0.024; a vs. c = 0.005; a vs. d = 0.006. AUROC, area under the receiver operating characteristic
curve; CI, confidence interval

Fig. 4 Nomogram calibration plot in training cohort (panel a) and validation cohort (panel B). Panel a: Mean absolute error = 0.035 (training
cohort); panel b: Mean absolute error = 0.017 (validation cohort)
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that leg paresis is an independent risk factor of vein
thrombosis, with an odds ratio of 6.10 [38]. Moreover,
several previous studies have reported that the severity
of paralysis is associated with DVT [5, 39]. This may be
due to the fact that lower limb paralysis prolongs time
spent in a hospital bed and leg immobility time, which
may lead to venous stasis [40] and ultimately DVT.
Interestingly, the present study showed that pulmonary
infection was also an independent predictor of IDDVT.
Several possible mechanisms may explain the link be-
tween pneumonia and DVT. An animal study in which
platelets were extracted from wild-type mice and trans-
planted into Toll-like receptor (TLR)-4-deficient mice
that then received either bacteria-produced lipopolysac-
charide (LPS) or saline injections revealed that LPS initi-
ates thrombosis via TLR-4 [41]. Furthermore, TF may
contribute to thrombosis in pneumonia patients [42].
For example, TF protein levels in pulmonary edema fluid
of acute lung injury patients are 100 times higher than
their simultaneous plasma samples [43]. This finding
provides another mechanism by which the infected al-
veolar epithelium may initiate thrombosis via the upreg-
ulation of TF. Furthermore, Levi et al. [44] showed that
the protein C system is important during the coagula-
tion/inflammatory response and that impairments in the
activation of this system may lead to thrombosis in
pneumonia patients. Taken together, these findings sug-
gest that the process by which pneumonia causes DVT
is complex and likely involve complementary actions of
several mechanisms. Further research is required to val-
idate these mechanisms.
Many models are available to predict DVT in stroke

patients. The IMPROVE score is a model for predicting
the risk of thrombosis in acutely ill hospitalized patients
[21], whereas our model was primarily developed for
stroke patients in common wards. The Padua score was
empirically generated and has been verified in a cohort
study [22]. However, relative to the two abovementioned
models, our model is so straightforward that it is pos-
sible to understand it at a glance while still being being
comprehensive. And our prediction object is IDDVT
that few studies has predicted so far. The Liu score is a
clinical risk assessment for predicting the incidence rate
of DVT in patients with acute stroke within 2 weeks,
which was developed using a multicenter prospective co-
hort with a large sample size [2]. Compared to the Liu
score, we added two additional factors, pulmonary infec-
tion and atrial fibrillation, into a nomogram model de-
veloped specifically to predict the risk of early IDDVT in
hospitalized patients with stroke. With the currently
available prediction tools, nomograms represent a vital
component of the modern medical decision-making
model due to their high accuracy and good discrimin-
ation characteristics [19, 45]. To our knowledge, there

are few models to predict early IDDVT. This nomogram
is the first developed model for predicting the risk of
IDDVT in patients with AIS. Compared to the IM-
PROVE score (AUROC = 0.750), Liu score (AUROC =
0.760), and Padua score (AUROC = 0.752) for predicting
IDDVT in patients with AIS, the present nomogram
model exhibited the best predictive accuracy for the oc-
currence of IDDVT (AUROC = 0.820). Additionally, the
nomogram was validated using a larger cohort for IDDV
T prediction in AIS patients.
The present study has several limitations that should

be noted. First, the final nomogram was established
based on a retrospective analysis of a single-center data-
base. Thus, it is necessary to validate the generalizability
of the final nomogram in other centers, and a prospect-
ive study is needed to further confirm its reliability. Sec-
ond, the database used in the present study did not
include potential predictors previously shown to affect
DVT, such as ABO blood type, and sleep apnea [46, 47];
these markers are not routinely tested for in the clinical
practice of AIS patients. Third, the effect of different
dose levels of anticoagulation (prophylactic doses versus
therapeutic doses) was not analyzed in our study.
Fourth, the final nomogram was applicable to AIS pa-
tients who did not have previous DVT. Finally, the la-
boratory variables included in the nomogram were not
dynamically measured.

Conclusion
In conclusion, the present study established and vali-
dated a reliable nomogram with good accuracy and dis-
crimination for the individualized prediction of the risk
of early IDDVT. And this score was applicable to AIS
patients who did not have previous DVT. This nomo-
gram is an easy-to-use tool for the early diagnosis and
prevention of IDDVT and may be helpful for clinicians
when making decisions and implementing effective pre-
ventive interventions according to the individual risks of
specific patients.
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