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A nomogram for predicting
hospital-acquired venous
thromboembolism in ICU
patients with mechanical
ventilation: a retrospective
cohort study

Wenjie Get, Aigin Chut, Zhimin Cao, Xinyi Zhu and
Shoujun Zhu*

Department of Nursing, The First Affiliated Hospital of USTC, Division of Life Sciences and Medicine,
University of Science and Technology of China, Hefei, Anhui, China

Objective: To develop a predictive nomogram for early identification of hospital-
acquired venous thromboembolism (HA-VTE) in adult ICU patients undergoing
mechanical ventilation.

Methods: This study involved 472 ICU patients with mechanical ventilation in
the Department of Intensive Care Unit of The First Affiliated Hospital of USTC
from January 2021 to December 2022. The diagnosis of VTE was objectively
confirmed by imaging studies. Clinical information and relevant laboratory test
data were retrospectively collected. Logistic regression was utilized to pinpoint
these patients’ independent risk factors for HA-VTE. Subsequently, a nomogram
was established to predict HA-VTE risk. The efficacy of this model was assessed
through the area under the receiver operating characteristic curve (AUC-ROCQC),
alongside a calibration curve and the Hosmer—Lemeshow test to examine its
fit. Additionally, decision curve analysis (DCA) was conducted to ascertain the
clinical relevance of the predictive model.

Results: The study incorporated 472 ICU patients with mechanical ventilation,
with a HA-VTE rate of 12.50% (59 cases). Six independent predictors were
identified and integrated into a predictive nomogram: stroke, bedridden for at
least 3 days, caprini risk score, Glasgow Coma Scale, fibrinogen, and d-dimer.
The nomogram demonstrated intense discrimination (AUC 0.909, 95% CI:
0.859-0.958). The calibration curve closely aligned with the ideal curve, and
the Hosmer—Lemeshow goodness-of-fit test yielded a x2 value of 6.398 with
a p-value of 0.603, verifying the model’s high calibration accuracy. Additionally,
the DCA indicated that the model provides a net benefit across a wide range
of decision thresholds from 0 to 0.99, underscoring its clinical utility. Internal
validation yielded a concordance index of 0.909, indicating robust reliability.

Conclusion: This study established a validated nomogram incorporating six
readily accessible clinical predictors to stratify HA-VTE risk in mechanically
ventilated ICU patients. The tool facilitates early intervention and personalized
prophylaxis strategies.
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Implications for clinical practice: The nomogram provides doctors with a
pragmatic, evidence-based instrument to enhance the prevention of hospital-
acquired venous thromboembolism in critically ill individuals on mechanical
ventilation. Facilitating focused surveillance and customized anticoagulation
strategies can diminish HA-VTE-related morbidity and healthcare expenditures
while enhancing patient outcomes.

KEYWORDS

critically ill, risk assessment model, mechanical ventilation, intensive care unit, hospital-
acquired venous thromboembolism

1 Introduction

thromboembolism (HA-VTE),
which includes hospital-acquired deep vein thrombosis (HA-

Hospital-acquired  venous

VDVT) and hospital-acquired pulmonary embolism (HA-PE),
is defined as a new venous thromboembolism (VTE) event that
occurs during a hospital stay or within 90 days of discharge (1), is a
preventable cause of hospital death (2), affecting millions globally
per annum as a leading contributor to global disease burden.
In developed countries, it affects 1-2 per 1,000 persons, making
it the third most frequent cardiovascular disorder, following
myocardial infarction and stroke (3). Studies have shown that VTE
and pulmonary embolism incidence rates in Western developed
countries are about 0.87-1.82/1,000 person-years and 0.45-
0.95/1,000 person-years, respectively (4, 5). The incidence rate of
HA-VTE is (6-87)/100,000 (6), and HA-VTE was associated with
a nearly three-fold increased odds of death during hospitalization
in a diverse patient cohort from 5 hospital systems (7). A large-
scale retrospective study conducted at a major Chinese hospital
revealed an overall HA-VTE prevalence of 0.296% among adult
hospitalizations, accounting for nearly one-quarter (23.7%) of all
diagnosed VTE events, the crude incidence rate demonstrated a
marked upward trajectory, escalating from 0.75 per 1,000 patients
in 2016 to 5.89 per 1,000 patients in 2022, HA-VTE was associated
with prolonged hospitalization and increased mortality notably,
the morbidity and mortality rate is 2.1% (8, 9). A recent review by
Grosse et al suggested that VTE costs the U.S. health care system
around $7 to $10 billion per year for around 350,000-475,000
medically treated incident cases, underscoring its economic
burden (10). Furthermore, HA-VTE is a common complication
for patients undergoing emergency internal medicine or surgical
operations. It not only prolongs patients’ hospital stay and affects
their quality of life, but also poses a threat to their safety (11). These
findings underscore the growing clinical significance of HA-VTE
globally and highlight the critical need for enhanced surveillance
strategies and predictive tools for early identification of high-risk
hospitalized patients.

Critically ill patients face a heightened risk of VTE due to a
combination of general risk factors and specific risk factors related
to the intensive care unit (ICU), such as sedation, immobilization,
vasopressor use, or central venous catheters. A recent study
suggested that 30.9% ICU patients experienced inpatient VTE (12).
Mechanical ventilation is a relatively typical life support technique
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in the ICU. Approximately 50.0-70.0% of ICU patients require
mechanical ventilation treatment to achieve therapeutic effects
such as maintaining airway patency, oxygen supply, and airway
aspiration, and to ensure the oxygen supply needed by vital organs
(13). In a multicenter retrospective review from the VPS registry,
mechanical ventilation and duration were independent risk factors
for hospital-acquired VTE among critically ill patients (14).
Multiple VTE risk assessment tools, such as the Caprini score (15),
Padua score (16), and Rogers score (17), are widely used in clinical
practice and effectively identify high-risk patients. However, each
model was developed for distinct patient populations. Mechanically
ventilated ICU patients are a particular subgroup with unique
characteristics, such as PEEP and treatment regimens (18). The
application of these models to predict the VTE risk of mechanically
ventilated ICU Patients has significant limitations, because they
can’t include all VTE risk factors in mechanically ventilated ICU
patients. Therefore, risk assessment of mechanically ventilated
patients for more aggressive prophylactic strategies should be
considered to reduce the potential morbidity associated with
untreated HA-VTE in this high-risk population.

Clinical prediction models are evaluation tools that focus
on risk identification and management in the early stages of
disease development (19). Although studies have been conducted
to explore the factors associated with the occurrence of VTE in
mechanically ventilated patients in the ICU, most of the studies
have remained at the level of single factors and simple statistical
analyses, and have lacked an integrated and comprehensive
predictive model (18, 20). Recently, the nomogram has gained
prominence as a precise, easy-to-use predictive instrument
extensively employed in clinical settings. It renders multivariate
regression analysis into a visual format, which helps quantify
and assess the risk factors and likelihood of clinical event
occurrences through cumulative scoring. This visual representation
of statistical predictive models is instrumental in enabling clinicians
to identify patients at high risk quickly and supports the
creation of targeted interventions (21). Therefore, this study is
focused on creating a nomogram model to evaluate the HA-
VTE risk in mechanically ventilated ICU patients. Utilizing
this model allows for a more precise assessment of all-cause
VTE risk within this demographic, facilitating the development
of early intervention strategies customized to their specific
needs, thereby enhancing life quality and reducing HA-VTE
rates effectively.
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2 Materials and methods

2.1 Study design and patients

This was a single-center, retrospective, cohort study. Adult
patients who were admitted to the Intensive Care Unit (ICU) of
the First Hospital of the University of Science and Technology
of China and received mechanical ventilation support between
January 2021 and December 2022 were included in the study.
Those patients who were mechanically ventilated for < 24 h were
excluded from the study. The criteria for inclusion involved: (1)
age > 18 years; (2) VTE diagnosed by vascular ultrasound, magnetic
resonance imaging, or angiography during hospitalization; (3)
Venous thrombosis from 48 h after mechanical ventilation to
48 h after extubation. The exclusive criteria were as follows: (1)
Discharged for interruption of treatment for own reasons; (2)
died within 48 h after admission; (3) Other systemic diseases
that cause abnormal blood clotting mechanisms, such as cirrhosis,
cardiolipin syndrome, hemophilia and other diseases and those
taking anticoagulant drugs; and (4) incomplete clinical data.
Ultimately, 472 patients were included in our study.

Ethical approval for this study was obtained from the Ethics
Committee of The First Affiliated Hospital of USTC (Approval
Number: 2023KY Ethics Review No.123). Additionally, the study
adhered to the standards outlined in the Helsinki Declaration, and
patient information was de-identified before analysis according to
the Helsinki Declaration’s criteria.

2.2 Variable extraction and data
pre-processing

Following ethical approval and consent from the hospital’s
information technology department, experts from the information
department accessed participants’ electronic medical records
for the clinical study and gathered the following information.
Information identifying specific individuals may be collected
during the data collection procedure. However, the data collection
information specialists did not participate in the subsequent data
processing and statistical analysis and instead substituted serial
numbers for personal information. As a result, the anonymity of
the ensuing analysis may be guaranteed. As a result, the anonymity
of the subsequent analysis may be guaranteed.

Comprehensive clinical data were retrospectively collected
through standardized case report forms, including four key
domains: (1) Clinical characteristics comprising demographic
parameters (age and sex), comorbidities/history of disease
(including a history of VTE prior to admission, hypertension,
diabetes, stroke, severe acute pancreatitis, acute myocardial
infarction, rheumatic diseases, coronary heart disease (CHD),
malignant neoplasms, and sepsis), and thromboembolic risk
factors (recent surgical history within 1 month and bedridden
for at least 3 days); (2) Signs and Symptoms documented
through physical examination findings (lower limb edema and
leg circumference) and validated risk assessment instruments,
specifically the Caprini Risk Score, Glasgow Coma Scale (GCS),
and Acute Physiology and Chronic Health (APACHE) IL; (3)
Laboratory index encompassing inflammatory and nutritional
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biomarkers (procalcitonin and white blood cell and albumin) and
coagulation function tests [thrombin time (TT), prothrombin time
(PT), activated partial thromboplastin time (APTT), D-dimer,
fibrinogen, and platelet]; (4) Therapeutic interventions categorized
as pharmacologic management (hormone therapy, vasoactive
drugs, sedatives) or procedural care (Central Venous Catheter
(CVC), Invasive Blood Pressure (IBP), blood transfusion and
continuous renal replacement therapy (CRRT). All measurements
followed institutionally approved protocols with predefined
operational definitions.

2.3 Definition of outcome

HA-VTE was defined as DVT or PE occurring at least 48 h
after clinical admission or within 90 days of hospital discharge
following an inpatient stay of at least 2 days (1). HA-VTE events
occurring in critically ill patients from 48 h after mechanical
ventilation to 48 h after extubation were considered outcome events
in this study. The primary outcome was objectively confirmed
hospital-acquired VTE by imaging studies, encompassing both
symptomatic and asymptomatic DVT and PE, as clinically ordered
by the treating physicians. Specifically, DVT was diagnosed by
compression ultrasonography (22). PE was identified based on
evidence of pulmonary artery obstruction or filling defects on
pulmonary angiography, and thrombus was detected on CT
pulmonary angiogram (CTPA) (23). All imaging results were
reviewed and verified by board-certified radiologists.

2.4 Statistical analysis

Statistical analyses and graphics were performed using the
SPSS statistical software (version 23.0; IBM Corp., Armonk, NY,
United States) and R software (version 3.1.2; The R Foundation
for Statistical Computing, Vienna, Austria) with the RMS statistical
packages. The quantitative data obeying normal distribution were
expressed as the mean. Standard deviation (s), and comparisons
between groups were made using the t-test: the quantitative
data not normally distributed were expressed as the median
(interquartile) [M (Q1-Q3)], and comparisons between groups
were made using the Mann-Whitney U-test. Frequencies are
reported as n (%) and analyzed across groups via the Chi-square test
or Fisher’s exact test as appropriate. A univariate logistic regression
analysis was performed to identify predictors of HA-VTE in
mechanically ventilated ICU patients. Consequently, factors with
a p-value < 0.05 in the univariate analysis were incorporated into
a multivariate logistic regression analysis (employing a backward
stepwise technique) to identify independent predictors, resulting
in a nomogram to estimate HA-VTE risk within this population.
Regression coefficients were used as weights in the prediction
model. Before developing the multivariable regression model,
multicollinearity among predictors was assessed using variance
inflation factors (VIFs), with variables exceeding the threshold of
VIF > 5 being systematically excluded from subsequent analyses.
The independent risk factors were analyzed using R4.1.2 software,
and the rms program package was used to construct the column-
line graph model. The receiver operating characteristic curve
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FIGURE 1

Screening flow chart of research object screening. ICU, intensive care unit; VTE, venous thromboembolism.

(ROC) assessed the model’s efficacy. Since the concordance index
(C-index) is analogous to the AUC in logistic regression, we
utilized the AUC to determine the discriminative performance
of the nomogram. Internal consistency was verified through
1,000 bootstrap samples, and model accuracy was evaluated with
a calibration curve alongside the Hosmer-Lemeshow test for
goodness of fit. Decision curve analysis (DCA) was performed
to ascertain the model’s clinical utility. A p-value of < 0.05 was
considered statistically significant for all analyses.

3 Results

3.1 Baseline demographics and clinical
characteristics

We collected a sample of 1,631 assessments, leaving 1,301
after excluding missing data, outliers, etc. Only data from the
first assessment of a patient’s first admission to the ICU were
included, after establishing inclusion and exclusion criteria, we
assembled a cohort of 472 mechanically ventilated ICU patients
for this investigation, comprising 290 males and 182 females,
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with age ranging from 18 to 97 years and a median age of
68 years. During the 2-year observation period, hospital-acquired
venous thromboembolism occurred in 59 individuals (Figure 1),
representing 12.5% of the total cohort.

The comparative analysis demonstrated significant differences
between the HA-VTE and non-HA-VTE groups in the following
parameters (p < 0.05): previous history of VTE, stroke diagnosis,
bedridden for at least 3 days, presence of lower limb edema,
increased leg circumference, elevated Caprini Risk Score, altered
Glasgow Coma Scale scores, higher D-dimer and fibrinogen
levels, as well as administration of vasoactive medications and
sedatives. Conversely, no significant differences were observed
between the two groups regarding the following variables
(p > 0.05): Demographics such as age and gender distribution.
Comorbid conditions include hypertension, diabetes, severe
acute pancreatitis, acute myocardial infarction, rheumatic disease,
coronary heart disease, malignant neoplasms, and sepsis. Recent
surgical history within 1 month. Severity indices like APACHE
II score, procalcitonin, WBC, Alb, TT, PT, APTT, and PLT.
Interventions such as hormone therapy, CVC placement, IBP use,
blood transfusions, and CRRT. Detailed findings are outlined in
Table 1.
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TABLE1 Comparison of basic data between the VTE cohort and the non-VTE cohort.

Sum (N = 472) Statistic

Clinical characteristics
Age [M (Q1-Q3), years] 70.00(60.00, 78.50) 67.00(53.00, 79.00) 68.00(54.00, 79.00) -1.450 0.147
Sex (n%)
Male 32(54.2%) 258(62.5%) 290(61.4%) 1.477 0.224
Female 27(45.8%) 155(37.5%) 182(38.6%)
Comorbidities/history of disease
Previous history of VTE (n%) 27.846 <0.001
YES 13(22.0%) 17(4.1) 30(6.4)
NO 46(78.0%) 396(95.9) 442(93.6)
Hypertension (n%) 0.757 0.384
YES 33(55.9) 206(49.9) 239(50.6)
NO 26(44.1) 207(50.1) 233(49.4)
Diabetes (n%) 0.601 0.438
YES 19(32.2) 113(27.4) 132(28.0)
NO 40(67.8) 300(72.6) 340(72.0)
Stroke (n%) 21.499 <0.001
No 26(44.1) 299(72.4) 325(68.9)
Ischemic stroke 25(42.4) 74(17.9) 99(21.0)
Hemorrhagic stroke 8(13.6) 40(9.7) 48(10.2)
Severe acute pancreatitis (n%) 1.163 0.281
YES 2(3.4) 6(1.5) 8(1.7)
NO 57(96.6) 407(98.5) 464(98.3)
Acute myocardial infarction (n%) 0.245 0.620
YES 2(3.4) 20(4.8) 22(4.7)
NO 57(96.6) 393(95.2) 450(95.3)
Rheumatic disease (n%) 4.650* 0.066
YES 3(5.1) 5(1.2) 8(1.7)
NO 56(94.9) 408(98.8) 464(98.3)
CHD (n%) 0.140* 0.762
YES 4(6.8) 23(5.6) 27(5.7)
NO 55(93.2) 390(94.4) 445(94.3)
Malignant neoplasms (n%) 0.015 0.903
YES 5(8.5) 37(9.0) 42(8.9)
NO 54(91.5) 376(91.0) 430(91.1)
Sepsis (n%) 0.260* 0.489
YES 1(1.7) 4(1.0) 5(1.1)
NO 58(98.3) 409(99.0) 467(98.9)
Recent surgical history within 1 month 1.046 0.306
(n%)
YES 14(23.7) 75(18.2) 89(18.9)
NO 45(76.3) 338(81.8) 383(81.1)
Bedridden for at least 3 days (n%) 35.367 <0.001
YES 41(69.5) 124(30.0) 165(35.0)
(Continued)
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TABLE 1 (Continued)
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d aple olgle, d
9
NO 18(30.5) 289(70.0) 307(65.0)
Signs and symptoms
Lower limb edema (n%) 4.338 0.037
YES 15(25.4) 61(14.8) 76(16.1)
NO 44(74.6) 352(85.2) 396(83.9)
Leg circumference (n%) 16.340 <0.001
Symmetrical 29(49.2) 308(74.6) 337(71.4)
Unsymmetrical 30(50.8) 105(25.4) 135(28.6)
Caprini risk score (n%) 33.441 <0.001
Low-risk 3(5.1) 35(8.5) 38(8.1)
Medium-risk 15(25.4) 250(60.5) 265(56.1)
High-risk 41(69.5) 128(31.0) 169(35.8)
GCS[M (Q1-Q3), score] 7.00(5.00,8.50) 10.00(8.00,12.00) 9.00(7.00,12.00) -5.111 <0.001
APACHEII [M (Q1-Q3), score] 21.00(16.00,24.00) 19.00(13.00,25.00) 19.00(14.00,25.00) ~1.313 0.189
Laboratory index?@
Procalcitonin (n%) 0.462 0.497
< 0.046 ng/mL 34(57.6) 257(62.2) 291(61.7)
>0.046 ng/mL 25(42.4) 156(37.8) 181(38.3)
WBC (n%) 4.708 0.095
<4 x 10°/L 1(1.7) 8(1.9) 9(1.9)
4~10 x 10°/L 19(32.2) 194(47.0) 213(45.1)
>10 x 10°/L 39(66.1) 211(51.1) 250(53.0)
Alb (mean =+ SD, g/L) 31.78 £6.77 30.58 £7.24 30.73 £7.18 1.200 0.231
Thrombin time (n%) 2451 0.294
<14s 8(13.6) 92(22.3) 100(21.2)
14~19s 41(69.5) 252(61.0) 293(62.1)
>19s 10 (16.9) 69(16.7) 79(16.7)
PT [M (Q1-Q3), s] 13.20(11.50,15.40) 12.80(11.60,14.10) 12.80(11.6,14.48) -0.7 0.487
APTT (n%) 1.242 0.537
<23s 5(8.5) 26(6.3) 31(6.6)
23~35 37(62.7) 240(58.1) 277(58.7)
>35s 17(28.8) 147(35.6) 164(34.7)
D-Dimer (mean =+ SD, pg/mL) 9.69(6.00, 14.72) 3.78(1.92,7.00) 4.16(2.19, 8.39) -7.252 <0.001
FIB (n%) 33.134 <0.001
<4g/L 17(28.8) 279(67.6) 296(62.7)
>4g/L 42(71.2) 134(32.4) 176(37.3)
PLT (n%) 1.020 0.600
<100 x 10°/L 16(27.1) 138(33.4) 154(32.6)
(100~300) x 10°/L 38(64.4) 247(59.8) 285(60.4)
>300 x 10°/L 5(8.5) 28(6.8) 33(7.0)
Therapeutic intervention
Hormone therapy (n%) 0.250 0.617
Yes 21(35.6) 161(39.0) 182(38.6)
(Continued)
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TABLE 1 (Continued)
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Variable Non-VTE cohort
(n = 413)
No 38(64.4) 252(61.0) 290(61.4)
Vasoactive drugs (n%) 13.684 <0.001
Yes 38(64.4) 161(39.0) 199(42.2)
No 21(35.6) 252(61.0) 273(57.8)
Sedatives (n%) 13.994 <0.001
Yes 40(67.8) 173(41.9) 213(45.1)
No 19(32.2) 240(58.1) 259(54.9)
CVC (n%) 0.693 0.405
Yes 41(69.5) 308(74.6) 349(73.9)
No 18(30.5) 105(25.4) 123(26.1)
IBP (n%) 1.759* 0.180
Yes 3(5.1) 9(2.2) 12(2.5)
No 56(94.9) 404(97.8) 460(97.5)
Blood transfusion (n%) 0.044 0.834
Yes 27(45.8) 183(44.3) 210(44.5)
No 32(54.2) 230(55.7) 262(55.5)
CRRT (n%) 0.002 0.966
Yes 13(22.0) 90(21.8) 103(21.8)
No 46(78.0) 323(78.2) 369(78.2)

*Statistically significant difference based on Fisher’s exact test (p < 0.05). “Continuous variables were categorized into binary or multi-class variables using predefined clinically significant
thresholds, which were determined based on established clinical guidelines or evidence-based cut-off values (as well as the index referenced from the laboratory of the First Hospital of the
University of USTC). VTE, venous thromboembolism; CHD, coronary heart disease; GCS, Glasgow Coma Scale; APACHE II, Acute Physiology and Chronic Health II; WBC, White blood
cell; Alb, Albumin; PT, Prothrombin time; APTT, Activated partial thromboplastin time; FIB, Fibrinogen; PLT, Platelet; CVC, Central venous catheter; IBP, Invasive blood pressure; CRRT,

continuous renal replacement therapy; Mean =+ standard deviation (SD).

3.2 Risk prediction model development

Based on univariate logistic regression analysis where VTE
risk served as the dependent variable and various risk factors as
independent variables, those (previous history of VTE, ischemic
stroke, bedridden for at least 3 days, lower limb edema, leg
circumference, Caprini Risk Score, GCS, D-dimer, FIB, vasoactive
drugs, sedatives) with p < 0.05 underwent subsequent multivariate
logistic regression analysis (detailed in Table 2).

Logistic regression analysis showed that Ischemic stroke,
bedridden for at least 3 days, elevated Caprini Risk Score, altered
GCS scores, higher D-dimer and FIB levels are influential factors
in the occurrence of VTE in mechanically ventilated ICU Patients
(p < 0.05) (detailed in Figure 2).

3.3 Development of a predictive
nomogram

A nomogram model was developed based on the results of the
logistic regression analyses to evaluate the VTE risk in mechanically
ventilated ICU patients. This model quantifies the influence of
each identified risk factor by assigning scores. Different GCS in
the figure can correspond to varying scores on Points, e.g., when
the GCS score is 7, the score corresponding to Points is about
30 (if the GCS score is > 15, Points is recorded as 0); when
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the D-dimer level of 15 pg/mL yields 30 Points (if the D-dimer
is < 0.5 pg/mL, Points is 0); when it is ischemic stroke, Points
corresponds to 19 points; when the Caprini risk score is high
risk, Points corresponds to approximately 39 points; and braked
bedridden and plasma fibrinogen are scored as previously defined.
The Points values for all six variables are summed to generate a
Total Points score. This score is matched to the nearest value in
the Total Points column of the scoring table. The vertically adjacent
Predicted Value represents the estimated venous thromboembolism
(VTE) probability, expressed as a percentage. Example: A Total
Points score 100 aligns with a Predicted Value of 0.10, indicating
a 10% VTE risk probability (depicted in Figure 3).

3.4 Validation of the nomogram

The ROC curve analysis demonstrated that the AUC for the
VTE risk prediction model in mechanically ventilated ICU patients
stands at 0.909, with a 95% confidence interval (CI) ranging
from 0.859 to 0.958 (as shown in Figure 4). This model exhibits
a specificity of 81.1% and a sensitivity of 89.8%, with a Yoden
index of 0.709. The model is differentiated. The alignment between
predicted and observed VTE risks in this demographic is confirmed
by the calibration curve (as depicted in Figure 5). The Hosmer-
Lemeshow test for goodness of fit indicates a high model accuracy
with a %2 value of 6.398 and a p-value of 0.603. The DCA assesses
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TABLE 2 Univariate logistic regression analysis of risk factors for VTE in
mechanically ventilated ICU patients.

ORa 954cH!

Previous history of VTE (n%)

YES
NO 6.583[3.006, 14.419] < 0.001
Stroke (n%)
No
Ischemic stroke 3.885[2.121, 7.115] < 0.001
Hemorrhagic stroke 2.300[0.975, 5.426] 0.057
Bedridden for at least 3 days (n%)
YES
NO 5.309[2.935, 9.603] < 0.001
Lower limb edema (n%)
YES
NO 1.967[1.031, 3.753] 0.040
Leg circumference (n%)
Symmetrical
Unsymmetrical 3.100[1.819, 5.283] < 0.001
Caprini risk score (n%)
Low-risk
Medium-risk 0.700[0.193, 2.541] 0.588
High-risk 3.737[1.092, 12.791] 0.036
GCS [M (Q1-Q3), score] 0.801[0.730, 0.879] < 0.001
D-Dimer (mean =+ SD, 1.155[1.107, 1.206] < 0.001
pg/mL)
FIB (n%)
<4g/L
>4g/L 5.088[2.793, 9.268] < 0.001
Vasoactive drugs (n%)
Yes
No 2.921[1.635,5.216] <0.001

“OR, odds ratio; CI, confidence interval. VTE, venous thromboembolism; GCS, Glasgow
Coma Scale; FIB, Fibrinogen; Mean = standard deviation (SD).

the model’s clinical utility by quantifying net benefit—the benefit of
timely intervention minus the harm of delayed intervention. The
DCA validates the clinical utility of the nomogram in predicting
VTE risk among mechanically ventilated ICU patients (as depicted
in Figure 6). Setting the threshold probability range of the model
between 0 and 0.99 reveals a net benefit above zero, substantiating
the model’s efficacy.

4 Discussion

Mechanically ventilated patients in the ICU are at high risk
for VTE (24). Among the 472 patients with mechanical ventilation
enrolled in this study, 59 cases developed HA-VTE, with an
incidence rate of 12.5%, which is relatively high. Data from several
studies suggest that VTE occurs in 23-36.8% of mechanically
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ventilated critically ill patients despite preventive measures (20,
25, 26). Venous stasis results from muscular paralysis, high
positive end-expiratory pressure, and injuries or occlusions of
the pulmonary microvascular network in mechanically ventilated
patients (27). Besides, Mechanical ventilation and positive end-
expiratory pressure increase right ventricular load, decrease left
ventricular load and total output, and increase the occurrence
of venous blood stasis. At the same time, mechanical ventilation
also alters the conversion of pulmonary fibrin, which increases
coagulation and puts VTE at an increased risk of development
(28). Given the high prevalence of VTE in mechanically ventilated
patients and the serious consequences of its occurrence, such
as physical disability and death, and according to the clinical
guidelines for VTE risk stratification (29), the use of an assessment
model in clinical practice is a practical and effective way to improve
the management of HA-VTE prophylaxis and the selection of
appropriate treatments to prevent complications. Therefore, using
quantitative metrics, individualized prediction of a patient’s risk
of developing HA-VTE allows for rapid identification and proper
thromboprophylaxis before developing HA-VTE. Nomograms
transform complex regression equations into intuitive visual
graphics to accurately predict the probability of specific outcome
events for individual subjects (30), making the prediction model
more readable and practical. This study employed univariate and
multivariate logistic regression analyses to identify independent
HA-VTE risk factors in mechanically ventilated ICU patients.
These factors included D-dimer, Glasgow Coma Scale, Caprini
Risk Score, Fibrinogen, Stroke, and Bedridden for at least 3 days.
Using these variables, a novel, simple, and practical nomogram
was developed to assess HA-VTE risk. The model demonstrated
excellent discriminatory capabilities, with an AUC of 0.909 (95% CI
0.859-0.958), superior to other existing models constructed by Lin
etal. (31). (AUC = 0.694~0.826) and others, along with a sensitivity
of 81.1% and specificity of 89.9%, with a Yoden index of 0.709.
Internal validation through 1,000 bootstrap resamplings resulted
in an AUC of 0.909. The calibration curve almost overlapped
with the ideal curve, and the Hosmer-Lemeshow goodness-of-fit
P-value was 0.603, indicating that the prediction model had a
high diagnostic value, and the prediction results were close to the
actual probability of HA-VTE occurring in mechanically ventilated
patients in the ICU, which had a good fit.

Notably, the nomogram constructed in this study, combined
with the clinical net benefit confirmed by DCA, can provide
precise guidance for the VTE prevention care of mechanically
ventilated ICU patients. By calculating an individual’s total
points and corresponding risk probability, clinicians and nurses
can implement stratified management protocols to optimize
resource allocation and improve outcomes. In thromboprophylaxis
management, stratified protocols based on the nomogram’s risk
stratification are feasible: In thromboprophylaxis intensity, the
nomogram enables a protocolized escalation strategy. For a
patient stratified as high-risk (for example, those with ischemic
stroke, bedridden for at least 3 days, and markedly elevated
D-dimer), the care pathway should adopt an escalated, consistent
prophylaxis strategy. This involves nursing-led initiatives to
ensure the continuous and proper application of intermittent
pneumatic compression devices, with regular checks for device
integrity and skin compromise, together with strict adherence
to pharmacologic prophylaxis and intensified monitoring for

frontiersin.org


https://doi.org/10.3389/fmed.2025.1653481
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Ge et al.

10.3389/fmed.2025.1653481

Forest Plot of Significant Risk Factors

Variables OR (95% CI)

Stroke 3.552 (1.400, 9.111)
Bedridden for at least 3 days  2.553 (1.068, 6.260)
Caprini Risk Score 5.741 (1.854, 23.458)
Glasgow Coma Scale 0.800 (0.704, 0.900)
Fibrinogen 7.487 (3.270, 18.507)

D-dimer 1.147 (1.088, 1.218)

FIGURE 2

P-value

] 0.008

o 0.037

] 0.006

i <0.001

=] <0.001

s} <0.001

The outcomes of multivariable logistic regression analysis evaluating HA-VTE risk in mechanically ventilated ICU patients. Logistic regression
model: -4.733 + 1.268 x Stroke + 0.937 x Bedridden for at least 3 days + 1.748 x Caprini risk score — 0.224 x GCS + 2.013 x FIB + 0.137 x D-dimer.

bleeding. For patients in the moderate-to-low-risk category,
standard prophylactic regimens are upheld, thus efficiently focusing
intensive nursing resources on the most vulnerable individuals.
For nursing vigilance and physiological monitoring, the model’s
predictors provide specific targets for enhanced surveillance. High-
risk patients (e.g., those with a low Glasgow Coma Scale score, a
high Caprini score, or elevated fibrinogen levels) should trigger
an intensified monitoring protocol. This includes systematic limb
assessments for DVT signs every 4-6 h, documentation of limb
circumference, and a lower threshold for ordering confirmatory
Doppler ultrasonography in the event of any clinical suspicion.
For low-risk patients, routine once-per-shift assessments remain
appropriate, aligning with the decision curve analysis's “risk-
benefit” principle by preventing alarm fatigue and optimizing
nursing workflow. Regarding early mobilization and rehabilitation,
the nomogram directly informs the aggressiveness of mobility
efforts. The variable “bedridden for at least 3 days” serves as
a direct call to action. For a high-risk patient, this justifies
bedside
nurse and physiotherapist to initiate passive range-of-motion

immediate and sustained collaboration between the

exercises from day one, progressing to active-in-bed exercises
and, eventually, upright positioning as soon as the patient’s GCS
and hemodynamic status permit. For lower-risk patients, standard
mobilization protocols are applied. These structured, risk-tailored
measures effectively translate the DCA-confirmed net benefit into
tangible clinical practice improvements, ensuring that intensive
preventive strategies are focused on the highest-risk individuals,
thereby systematically reducing the institutional burden of HA-
VTE.

In our analysis, D-dimer concentration as the strongest
predictor of HA-VTE risk in ICU patients with mechanical
ventilation (OR = 1.147, p < 0.001), which is consistent with the
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findings of Chen et al. (32). For each 1 g/dL rise in D-dimer
concentration, the HA-VTE incidence increase to 1.15 folds.
D-dimer is a degradation product of cross-linked fibrin, a by-
product of blood coagulation and catabolism. It is a laboratory
indicator of coagulation function, and its elevated level reflects
the presence of hypercoagulability and secondary hyperfibrinolysis
(33), and helps assess individual risk of HA-VTE recurrence.
A population-based nested case-control study indicates that
elevated plasma D-dimer levels are associated with increased risk of
incident HA-VTE (34). In clinical practice, the absence of D-dimer
has often been used to rule out VTE, with a high negative predictive
value (35). D-dimer testing can help rule out VTE in patients with
normal D-dimer concentrations. Still, elevated concentrations do
not confirm the occurrence of VITE and may also be associated
with surgery, cancer, infection, or other inflammatory states (36).
Thus, D-dimer is a sensitive, but not specific, indicator of VTE
occurrence and is generally not used as a predictor of thrombosis
alone, but usually in combination with other indicators, allowing
for VTE exclusion (37). The Caprini Risk Score, a validated
tool for predicting VTE risk where higher scores denote greater
risk, enhances VTE risk classification in hospitalized patients
(38). However, the model has fewer specific predictors regarding
critically ill patients, so there are limitations in assessing the risk of
developing VTE in critically ill patients (39). Furthermore, because
the risk factors included in the Caprini score were mainly clinical
indicators and recognized thrombotic risk factors, some known
laboratory indicators that can cause thrombosis were not included
in the model, making the Caprini score limited in identifying
risk factors for DVT in some patients. Recent studies have shown
that the predictive efficiency of Caprini increases when combined
with D-dimer (40, 41), which is also demonstrated in our study.
Therefore, we believe that incorporating such indicators directly
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The nomogram to predict the risk of VTE in mechanically ventilated
ICU patients.
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Receiver operating characteristic curve of the risk prediction model
for VTE in mechanically ventilated ICU patients.

into the VTE prediction models in ICU patients with mechanical
ventilation will improve the model.

We also found that A higher GCS score on admission is a
protective factor for VTE formation in ICU patients undergoing
mechanical ventilation (OR = 0.800, p < 0.001). The mechanism
was evident and widely recognized. GCS is a routine clinical
criterion for assessing the degree of coma in patients, with 13-
14 categorized as mild coma, 9-12 classified as moderate coma,
and 3-8 categorized as severe coma (42). The severe paralysis
or immobility on account of disturbance of consciousness caused
stasis of venous flow in the lower extremity on the paralyzed
side, resulting in an increased risk of thrombus being generated
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in the deep vein (43). As the patient’s GCS score decreases, the
bedtime is also prolonged, and clinically, to protect the safety
of comatose patients or the use of specific restraint methods,
which affect the patient’s blood flow to varying degrees, the higher
the GCS score indicates that the patients degree of coma is
less severe, and then the patient’s risk of the formation of VTE
is lower. Consequently, in comatose patients lacking voluntary
movement, routine pneumatic compression of both lower limbs
should be administered to proactively avoid the onset of venous
thromboembolism (VTE) (44).

Fibrinogen is a crucial sign in clinical examinations. FIB is
an essential protein in the blood, which plays a key role in the
coagulation mechanism, helping platelets and other clotting factors
to stick together tightly and form a thrombus. In ICU patients
on mechanical ventilation, prolonged bed rest and poor blood
circulation throughout the body may lead to hypercoagulability of
the body’s blood, and the elevated level of FIB may further increase
the risk of thrombus formation (45). Recent meta-analysis findings
suggest that elevated fibrinogen levels are associated with an
increased incidence of VTE in hip fracture patients (46). A study of
350 mechanically ventilated ICU patients demonstrated that those
with elevated fibrinogen levels had a 2.675-fold higher incidence
of VTE than those with normal fibrinogen levels (18). Thus, it can
be inferred that FIB plays a critical role in the occurrence of VTE.
Our research further indicated that FIB levels were significantly
elevated in ICU patients with mechanical ventilation experiencing
VTE (OR = 7.487, p<0.001). This discovery corroborates findings
from prior studies and emphasizes the critical role of FIB levels
in this patient demographic. We identified fibrinogen > 4 g/L
as the optimal cut-off point for predicting VTE in ICU patients
on mechanical ventilation (47). Interestingly, our cut-off value
is very similar to the cut-off points (3.75 g/L) in other studies
on the prediction of VTE (48). The differing study populations
in these two investigations—notably, the latter involving patients
undergoing spinal injury surgery—suggest that elevated fibrinogen
levels predict VTE across varied disease contexts.

In this study, we demonstrated that the risk of VTE
increased fourfold among mechanically ventilated ICU patients
with ischemic stroke (OR = 3.552, p = 0.008). Long-term
immobilization, age, and infection are well-known risk factors for
VTE, which are common in patients with ischemic stroke. In
a retrospective multicenter study, among 1,632 subjects in acute
ischemic stroke, 4.17% (68 subjects) had VTE (49). In 30,002
Tromse Study participants (surveys: 1994-1995, 2001, 2007-2008),
where 1,360 developed ischemic stroke and 722 developed VTE,
ischemic stroke was associated with an increased VTE risk (50).
Ischemic stroke, often caused by atherosclerosis, increases the
risk of VTE in patients with atherosclerosis-related thrombosis
through the release of inflammatory factors, which activate
platelets, potentially cause endothelial damage, and promote
fibrin deposition, leading to thrombosis (51). Among 1,459,865
stroke patients from one survey of the Shu study, VTE-related
readmission within 90 days occurred in 0.26% (3,407/1,330,584)
of Acute Ischemic Stroke patients. VTE readmission rates peaked
during the initial 4-6 weeks (52). In mechanically ventilated
patients, ischemic stroke may prolong ventilation duration and
immobilization, potentially exacerbating venous stasis.

The model identified a substantial correlation between VTE
and in-hospital immobilization based on electronic medical records
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tracked at the patient’s bedside. Patients on mechanical ventilation
typically have minor muscle contraction or tension since they
are unconscious, which can seriously worsen venous reflux. The
blood stasis gets worse as the immobility period lengthens. Studies
vary in how prolonged immobility is reported to raise the risk of
VTE. A survey of 6,734 invasively ventilated patients enrolled from
the Medical Information Mart for Intensive Care-III (MIMIC-
III) database found that patients with a duration of in-hospital
immobilization ranging between 4 and 7 days had an OR for VTE
of 2.98 (95% CI = 2.19-4.05) while patients with a duration of
more than 7 days had an OR for VTE of 6.4 (95% CI = 4.87-
8.42) compared with patients immobilizing for < 4 days (31). In
a retrospective study that included 2,188 consecutive neurological
ICU patients, VTE was associated with a longer duration of
immobilization (OR = 1.07 per day, 95% CI = 1.05-1.09) (53). In
this study, we found that patients with a duration of in-hospital
immobilization of more than 3 days had an OR for VTE of
2.553 (95% CI = 1.068-6.260) compared with patients immobilized
for < 3 days. The meta-analysis conducted by Zang et al. (54)
demonstrated that early mobilization significantly reduced ICU-
acquired weakness, improved muscle strength, shortened ICU
length of stay, and decreased VTE incidence.

This investigation presents several significant advantages. To
the best of our knowledge, the present study first established a
well-performed visualization model for HA-VTE risk prediction
in ICU patients with mechanical ventilation. Unlike Lin’s study
(31), we included invasive and non-invasive mechanical ventilation
patients. Second, the statistical issues surrounding the development
of models merit discussion. We performed statistical analyses
to isolate the risk factors related to the VTE and avoided
over-fitting. This model provides more accurate diagnoses and
the selection of appropriate treatment methods, demonstrating
robust predictive capabilities. The primary clinical utility of
our nomogram lies in early identification of high-risk patients,
thereby facilitating timely, tailored VTE prophylaxis. For high-
risk mechanically ventilated patients identified by our model,
an aggressive, multimodal prophylaxis strategy is warranted.
Crucially, evidence suggests that pharmacological prophylaxis can
be effective and safe even in patient populations traditionally
considered at high risk for bleeding. A prospective study by
Chibbaro et al. in neurosurgical patients demonstrated that
a protocol combining low-molecular-weight heparin, elastic
stockings, and intermittent pneumatic compression devices
significantly reduced the rate of VTE without increasing the
incidence of major symptomatic bleeding (55). Therefore, for
high-risk mechanically ventilated patients identified by our
nomogram, the clinical team should draw on this evidence to
formulate and implement an intensive, multimodal prophylaxis
regimen that includes pharmacological prevention, following
a comprehensive assessment of the individual’s bleeding and
thrombotic risks.

Nevertheless, this investigation is constrained by certain
limitations. First, it is a single-center, retrospective analysis with a
relatively small cohort, which may increase the risk of type I errors.
Despite developing a robust nomogram model for predicting HA-
VTE in ICU patients receiving mechanical ventilation, validated
internally via bootstrap resampling, the lack of external validation
raises concerns about its applicability across different ICU
populations with mechanical ventilation. Future research should
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expand the sample size and employ multicenter, prospective
methodologies to enhance the reliability and generalizability of
the findings. Second, because all mechanically ventilated ICU
patients routinely received pharmacological prophylaxis according
to our units standard protocol, and given the retrospective
nature of this study, the specific anticoagulant type (e.g., low-
molecular-weight heparin vs. unfractionated heparin) was not
recorded in a structured format in our electronic medical
record system. This lack of structured data directly prevented
us from including and reporting the precise proportion of
anticoagulant use in the present analysis. In future studies,
we will designate the specific anticoagulant type and dose as
a core variable to optimize data acquisition and ensure the
accuracy of this information. Third, our study was conducted
during the COVID-19 pandemic (2021-2022), a period during
which the strong association between SARS-CoV-2 infection
and venous thromboembolism became unequivocally established.
A recent systematic review by Secades et al. consolidated evidence
from 15 studies, confirming that COVID-19 is an independent
risk factor for DVT, with reported incidences ranging from
3 to 47.5% in hospitalized patients (56). A limitation of our
present study is that we did not systematically adjust for
patients COVID-19 status in our analysis. Future studies will
explicitly include and evaluate COVID-19 status as a critical
predictive variable to refine model accuracy and ensure broad
applicability in VTE risk prediction for ICU patients receiving
mechanical ventilation.

5 Conclusion

This study developed and internally validated a prediction
model to assess HA-VTE risk among ICU patients with mechanical
ventilation. The model includes D-dimer, Glasgow Coma Scale,
Caprini Risk Score, Fibrinogen, Stroke, Bedridden for at least
3 days, all demonstrating significant predictive accuracy. These
easily accessible factors in clinical practice provide valuable
insights for HA-VTE risk evaluation in ICU patients with
mechanical ventilation.

Data availability statement

The original contributions presented in the study are included
in this article/supplementary material, further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by Ethical
approval for this study was obtained from the Ethics Committee
of The First Affiliated Hospital of USTC. The studies were
conducted in accordance with the local legislation and institutional
requirements. Written informed consent for participation was
not required from the participants or the participants’ legal

frontiersin.org


https://doi.org/10.3389/fmed.2025.1653481
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Ge et al.

guardians/next of kin in accordance with the national legislation
and institutional requirements. Written informed consent was
obtained from the individual(s) for the publication of any
potentially identifiable images or data included in this article.

Author contributions

Data
Methodology, Software, Supervision, Visualization, Writing -
original draft, Writing — review & editing. AC: Conceptualization,

WG:  Conceptualization, curation, Investigation,

Data curation, Formal analysis, Funding acquisition, Investigation,
Methodology, Resources, Supervision, Visualization, Writing -
original draft, Writing - review & editing. ZC: Data curation,
Investigation, Methodology, Resources, Supervision, Visualization,
Writing - review & editing. XZ: Conceptualization, Data curation,
Methodology,
Writing - review & editing. SZ: Conceptualization, Data

Formal analysis, Investigation, Visualization,

curation, Funding acquisition, Investigation, Methodology, Project
administration, Resources, Software, Supervision, Visualization,
Writing - original draft, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research and/or publication of this article. This work was financially
supported by the Scientific Research Project Grant from Anhui
Provincial Department of Education (grant no. 2022AH051259).

References

1. Gee E. The national VTE exemplar centres network response to implementation
of updated NICE guidance: venous thromboembolism in over 16s: reducing the risk
of hospital-acquired deep vein thrombosis or pulmonary embolism (NG89). Br J
Haematol. (2019) 186:792-3. doi: 10.1111/bjh.16010

2. Stevens S, Woller S, Baumann Kreuziger L, Bounameaux H, Doerschug K,
Geersing G, et al. Executive summary: antithrombotic therapy for VTE disease: second
update of the CHEST guideline and expert panel report. Chest. (2021) 160:2247-59.
doi: 10.1016/j.chest.2021.07.056

3. Pastori D, Cormaci V, Marucci S, Franchino G, Del Sole F, Capozza A,
et al. A comprehensive review of risk factors for venous thromboembolism: from
epidemiology to pathophysiology. IJMS. (2023) 24:3169. doi: 10.3390/ijms24043169

4. Ness I, Christiansen S, Romundstad P, Cannegieter S, Rosendaal E Hammerstrom
J. Incidence and mortality of venous thrombosis: a population-based study. J
Thrombosis Haemostasis. (2007) 5:692-9. doi: 10.1111/j.1538-7836.2007.02450.x

5. Tagalakis V, Patenaude V, Kahn S, Suissa S. Incidence of and mortality from
venous thromboembolism in a real-world population: the Q-VTE study cohort. Am
J Med. (2013) 126:832.e13-21. doi: 10.1016/j.amjmed.2013.02.024

6. Siegal D, Eikelboom J, Lee S, Rangarajan S, Bosch J, Zhu J, et al
the Venous Thromboembolism collaboration. Variations in incidence of venous
thromboembolism in low-, middle-, and high-income countries. Cardiovasc Res.
(2021) 117:576-84. doi: 10.1093/cvr/cvaa044

7. Martin K, Sparks A, Wilkinson K, Packer R, Terrell D, Gergi M, et al. Impact of
hospital-acquired venous thromboembolism on surviving medical admission: findings
from the medical inpatient thrombosis and hemostasis study. Blood. (2024) 144:3704.
doi: 10.1182/blood-2024-207263

8.Li H, Zhang H, Chan Y, Cheng S. Prevalence and risk factors of hospital
acquired venous thromboembolism. Phlebology. (2025) 40:266-74. doi: 10.1177/
02683555241297566

9. Zhang Z, Lei ], Shao X, Dong F, Wang J, Wang D, et al. Trends in hospitalization
and in-hospital mortality from VTE, 2007 to 2016, in china. Chest. (2019) 155:342-53.
doi: 10.1016/j.chest.2018.10.040

Frontiers in Medicine

13

10.3389/fmed.2025.1653481

Conflict of interest

The authors declare that the research was conducted without
any commercial or financial relationships that could be construed
as a potential conflict of interest.

Generative Al statement

The authors declare that no Generative Al was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in
this article has been generated by Frontiers with the support of
artificial intelligence and reasonable efforts have been made to
ensure accuracy, including review by the authors wherever possible.
If you identify any issues, please contact us.

Publisher’s note

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

10. Grosse S, Nelson R, Nyarko K, Richardson L, Raskob G. The economic
burden of incident venous thromboembolism in the United States: a review of
estimated attributable healthcare costs. Thrombosis Res. (2016) 137:3-10. doi: 10.1016/
j.thromres.2015.11.033

11. Stadnicki A, Stadnicka I. Venous and arterial thromboembolism in patients
with inflammatory bowel diseases. WJG. (2021) 27:6757-74. doi: 10.3748/wjg.v27.i40.
6757

12. Zhang L, Chen E, Hu S, Zhong Y, Wei B, Wang X, et al. External validation
of the ICU-venous thromboembolism risk assessment model in adult critically Il
patients. Clin Appl Thromb Hemost. (2024) 30:10760296241271406. doi: 10.1177/
10760296241271406

13. Liu L, Qiu H, Yang Y. It is imperative to establish treatment centers for long-
term mechanical ventilation in China. Chinese ] Internal Med. (2022) 61:1177-80.
doi: 10.3760/cma.j.cn112138-20220708-00501

14. Havlicek E, Palumbo J, Soto-Campos G, Goldenberg N, Sochet A. Invasive
mechanical ventilation and risk of hospital-acquired venous thromboembolism. Respir
Care. (2024) 69:1392-9. doi: 10.4187/respcare.11698

15. Pannucci C, Swistun L, MacDonald ], Henke P, Brooke B. Individualized venous
thromboembolism risk stratification using the 2005 caprini score to identify the
benefits and harms of chemoprophylaxis in surgical patients: a meta-analysis. Ann
Surg. (2017) 265:1094-103. doi: 10.1097/SLA.0000000000002126

16. Barbar S, Noventa F, Rossetto V, Ferrari A, Brandolin B, Perlati M, et al. A
risk assessment model for the identification of hospitalized medical patients at risk
for venous thromboembolism: the Padua Prediction Score. ] Thrombosis Haemostasis.
(2010) 8:2450-7. doi: 10.1111/j.1538-7836.2010.04044

17. Shen W, Shi P, Wang B, Lan Ma T, Zhu R, Wang LX. Optimization study on
predicting VTE of inpatients in respiratory medicine department based on Padua
score. Chinese ] Respiratory Crit Care Med. (2024) 23:856-63. doi: 10.7507/1671-6205.
202409017

18. Zhang ], Li Z, Zhang W, Chu P, Chen C. Analysis of the current status and
risk factors of lower extremity deep vein thrombosis in ICU patients with mechanical

frontiersin.org


https://doi.org/10.3389/fmed.2025.1653481
https://doi.org/10.1111/bjh.16010
https://doi.org/10.1016/j.chest.2021.07.056
https://doi.org/10.3390/ijms24043169
https://doi.org/10.1111/j.1538-7836.2007.02450.x
https://doi.org/10.1016/j.amjmed.2013.02.024
https://doi.org/10.1093/cvr/cvaa044
https://doi.org/10.1182/blood-2024-207263
https://doi.org/10.1177/02683555241297566
https://doi.org/10.1177/02683555241297566
https://doi.org/10.1016/j.chest.2018.10.040
https://doi.org/10.1016/j.thromres.2015.11.033
https://doi.org/10.1016/j.thromres.2015.11.033
https://doi.org/10.3748/wjg.v27.i40.6757
https://doi.org/10.3748/wjg.v27.i40.6757
https://doi.org/10.1177/10760296241271406
https://doi.org/10.1177/10760296241271406
https://doi.org/10.3760/cma.j.cn112138-20220708-00501
https://doi.org/10.4187/respcare.11698
https://doi.org/10.1097/SLA.0000000000002126
https://doi.org/10.1111/j.1538-7836.2010.04044
https://doi.org/10.7507/1671-6205.202409017
https://doi.org/10.7507/1671-6205.202409017
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Ge et al.

ventilation. Chin ] Convalescent Med. (2025) 34:99-103. doi: 10.13517/j.cnki.ccm.2025.
04.021

19. van Smeden M, Reitsma J, Riley R, Collins G, Moons K. Clinical prediction
models: diagnosis versus prognosis. J Clin Epidemiol. (2021) 132:142-5. doi: 10.1016/j.
jclinepi.2021.01.009

20.Li L, Zou Y, Huang L, Xie M, Huang D. Influencing factors for venous
thromboembolism in patients with mechanical ventilation based on the random forest
model: an analytic study. Guangxi Med J. (2025) 47:55-60. doi: 10.11675/j.issn.0253-
4304.2025.01.10

21. Han L, Pan T, Yang L, Qian W, Xu X, Wang F, et al. Nomogram for deep vein
thrombosis prediction post-endovascular thrombectomy in acute ischemic stroke: a
retrospective multicenter observational study. J Clin Nurs. (2025) 34:5293-305. doi:
10.1111/jocn.17786

22.Lim W, Le Gal G, Bates S, Righini M, Haramati L, Lang E, et al. American
Society of Hematology 2018 guidelines for management of venous thromboembolism:
diagnosis of venous thromboembolism. Blood Adv. (2018) 2:3226-56. doi: 10.1182/
bloodadvances.2018024828

23. Konstantinides SV, Meyer G, Becattini C, Bueno H, Geersing GJ, Harjola VP,
et al. 2019 ESC Guidelines for the diagnosis and management of acute pulmonary
embolism developed in collaboration with the European respiratory society (ERS). Rev
Espaiiola Cardiol. (2020) 73:497. doi: 10.1016/j.rec.2020.05.013

24. Viarasilpa T, Panyavachiraporn N, Marashi S, Van Harn M, Kowalski R, Mayer
S. Prediction of symptomatic venous thromboembolism in critically IIl patients: the
ICU-venous thromboembolism score. Crit Care Med. (2020) 48:e470-9. doi: 10.1097/
CCM.0000000000004306

25. Lou X, Zhang B, Jing D. Deep venous thrombosis in invasive mechanically
ventilated patients: incidence and risk factors. Chinese ] Hosp Stat. (2022) 29:18-24.
doi: 10.3969/j.issn.1006- 5253.2022.01.004

26. Pellegrini J, Rech T, Schwarz P, De Oliveira A, Vieceli T, Moraes R, et al.
Incidence of venous thromboembolism among patients with severe COVID-19
requiring mechanical ventilation compared to other causes of respiratory failure: a
prospective cohort study. J Thromb Thrombolysis. (2021) 52:482-92. doi: 10.1007/
s11239-021-02395-6

27. Voicu S, Ketfi C, Stépanian A, Chousterman B, Mohamedi N, Siguret V, et al.
Pathophysiological processes underlying the high prevalence of deep vein thrombosis
in critically Il COVID-19 patients. Front Physiol. (2021) 11:608788. doi: 10.3389/fphys.
2020.608788

28. Britos M, Smoot E, Liu K, Thompson B, Checkley W, Brower R. The value
of positive end-expiratory pressure and Fio2 criteria in the definition of the acute
respiratory distress syndrome. Crit Care Med. (2011) 39:2025-30. doi: 10.1097/CCM.
0b013e31821cb774

29. Abukhalil A, Nasser A, Khader H, Albandak M, Madia R, Al-Shami N, et al.
Prophylaxis therapy: clinical practice vs clinical guidelines. Vasc Health Risk Manag.
(2022) 18:701-10. doi: 10.2147/VHRM.S382050

30. Sun L, Zhang Y, Zuo X, Liu YA. novel nomogram for predicting mortality
risk in young and middle-aged patients undergoing maintenance hemodialysis: a
retrospective study. Front Med. (2025) 11:1508485. doi: 10.3389/fmed.2024.1508485

31. Lin ], Zhang Y, Lin W, Meng Y. Development and validation of a risk assessment
model for venous thromboembolism in patients with invasive mechanical ventilation.
Cureus. (2022) 14:€27164. doi: 10.7759/cureus.27164

32. Chen Y, Qin X, Sun Q, Liu M, Qu Y. Development and evaluation of a prediction
model for lower limb deep venous thrombosis in critically ill patients. ] Nurs Sci. (2021)
36:35-8. doi: 10.3870/j.issn.1001-4152.2021.06.035

33. Hariyanto T, Japar K, Kwenandar E Damay V, Siregar J, Lugito N, et al.
Inflammatory and hematologic markers as predictors of severe outcomes in COVID-
19 infection: A systematic review and meta-analysis. Am ] Emerg Med. (2021) 41:110-9.
doi: 10.1016/j.ajem.2020.12.076

34. Hansen E, Rinde F, Edvardsen M, Hindberg K, Latysheva N, Aukrust P, et al.
Elevated plasma D-dimer levels are associated with risk of future incident venous
thromboembolism. Thrombosis Res. (2021) 208:121-6. doi: 10.1016/j.thromres.2021.
10.020

35. Karny-Epstein N, Abuhasira R, Grossman A. Current use of D-dimer for the
exclusion of venous thrombosis in hospitalized patients. Sci Rep. (2022) 12:12376.
doi: 10.1038/s41598-022-16515-6

36. Khan F, Tritschler T, Kahn S, Rodger M. Venous thromboembolism. Lancet.
(2021) 398:64-77. doi: 10.1016/S0140-6736(20)32658- 1

37. Cosmi B, Legnani C, Libra A, Palareti G. D-Dimers in diagnosis and prevention
of venous thrombosis: recent advances and their practical implications. Pol Arch Intern
Med. (2023) 133:16604. doi: 10.20452/pamw.16604

Frontiers in Medicine

14

10.3389/fmed.2025.1653481

38. Hamid Abdulhussein A, Abdulelah F, Nidhal Alhilali D, Zakaria Al Arajy A,
Fakher Al-Baidhani S, Shareef L, et al. Utilization and decision-making accuracy
on antithrombotic prophylaxis by caprini and padua risk-assessment models for
predicting venous thromboembolism in hospitalized patients. JPMS. (2025) 14:21-8.
doi: 10.47310/jpms2025140403

39. Zhang Y, Ma D, Li R, Si A, Wang S. Research progress on the prognostic models
for Venous Thromboembolism in critically ill patients. Chinese Nurs Manag. (2022)
22:1116-20. doi: 10.3969/j.issn.1672-1756.2022.07.031

40. Wang H, Lv B, Li W, Wang S, Ding W. Diagnostic performance of the caprini
risk assessment model combined with d-dimer for preoperative deep vein thrombosis
in patients with thoracolumbar fractures caused by high-energy injuries. World
Neurosurg. (2022) 157:e410-6. doi: 10.1016/j.wneu.2021.10.106

41. Wang P, Yang Y, Zheng L, Qi X, Yan S, Dong H. The predicted value for venous
thromboembolism based on a modified model of caprini combined with fasting blood
glucose and D-dimer: a retrospective study. BMC Musculoskelet Disord. (2025) 26:130.
doi: 10.1186/512891-024-08133-2

42. Middleton P. Practical use of the glasgow coma scale; a comprehensive narrative
review of GCS methodology. Australasian Emerg Nurs J. (2012) 15:170-83. doi: 10.
1016/j.aenj.2012.06.002

43.Liu S, Wang Y, Gao B, Peng JA. nomogram for predicting venous
thromboembolism in critically ill patients with primary intracerebral
hemorrhage. World Neurosurg. (2022) 157:¢301-7. doi: 10.1016/j.wneu.2021.10.
071

44. Hao G, Dong Y, Zhang B, Sun L, Gao Y, Xiong J. Risk prediction model for lower
limb venous thrombosis after cerebral hemorrhage surgery based on LASSO-logistic
regression. Chinese ] Neurosurg Dis Res. (2024) 18:1-6. doi: 10.3969/j.issn.1671-2897.
2024.04.001

45.Liu Q, Chen L, Wang Z, Peng Z, Chen W, Pan Y, et al. The role of
D-dimer and fibrinogen testing in catheter-directed thrombolysis with urokinase for
deep venous thrombosis. Phlebology. (2023) 38:389-97. doi: 10.1177/02683555231176
911

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

47. Yang X, Ma S, Xu H, Chen X, Liu L, Shang Q. Construction and validation of the
prediction model for venous thromboembolism risk in elderly non-surgical patients in
ICU. Chinese Nurs Res. (2023) 37:791-9. doi: 10.12102/j.issn.1009- 6493.2023.05.006

48. Jiao Y, Mu X. Coagulation parameters correlate to venous thromboembolism
occurrence during the perioperative period in patients with spinal fractures. ] Orthop
Surg Res. (2023) 18:928. doi: 10.1186/s13018-023-04407-y

49.Jiang Y, Li A, Li Z, Li Y, Li R, Zhao Q, et al. Leveraging machine learning
for enhanced and interpretable risk prediction of venous thromboembolism in acute
ischemic stroke care. PLoS One. (2025) 20:€0302676. doi: 10.1371/journal.pone.
0302676

50. Rinde L, Smédbrekke B, Mathiesen E, Lochen M, Njolstad I, Hald E, et al.
Ischemic stroke and risk of venous thromboembolism in the general population:
the tromse study. ] Am Heart Assoc. (2016) 5:e004311. doi: 10.1161/JAHA.116.
004311

51. Fang S, Mi Y. Research progress on the correlation between venous thrombosis
and atherosclerotic thrombosis. Chin J Crit Care Med Sep. (2022) 42:821-5. doi: 10.
3969/j.issn.1002-1949.2022.09.016

52. Shu L, Havenon A, Liberman AL, Henninger N, Goldstein E, Reznik ME,
et al. Trends in venous thromboembolism readmission rates after ischemic stroke
and intracerebral hemorrhage. J Stroke. (2023) 25:151-9. doi: 10.5853/j0s.2022.
02215

53. Viarasilpa T, Panyavachiraporn N, Jordan J, Marashi S, van Harn M, Akioyamen
N, et al. Venous thromboembolism in neurocritical care patients. J Intensive Care Med.
(2020) 35:1226-34. doi: 10.1177/0885066619841547

54. Zang K, Chen B, Wang M, Chen D, Hui L, Guo S, et al. The effect of early
mobilization in critically ill patients: a meta-analysis. Nurs Crit Care. (2020) 25:360-7.
doi: 10.1111/nicc.12455

55. Chibbaro S, Cebula H, Todeschi ], Fricia M, Vigouroux D, Abid H, et al.
Evolution of prophylaxis protocols for venous thromboembolism in neurosurgery:
results from a prospective comparative study on low-molecular-weight heparin, elastic
stockings, and intermittent pneumatic compression devices. World Neurosurg. (2018)
109:€510-6. doi: 10.1016/j.wneu.2017.10.012

56. Secades D, Dufner Krieger S, Hidalgo Ramos R, Hong I, Ortiz M, Mac Courtney
C. Incidence of deep vein thrombosis in patients with COVID-19: a systematic review.
Cureus. (2025) 17:¢88697. doi: 10.7759/cureus.88697

frontiersin.org


https://doi.org/10.3389/fmed.2025.1653481
https://doi.org/10.13517/j.cnki.ccm.2025.04.021
https://doi.org/10.13517/j.cnki.ccm.2025.04.021
https://doi.org/10.1016/j.jclinepi.2021.01.009
https://doi.org/10.1016/j.jclinepi.2021.01.009
https://doi.org/10.11675/j.issn.0253-4304.2025.01.10
https://doi.org/10.11675/j.issn.0253-4304.2025.01.10
https://doi.org/10.1111/jocn.17786
https://doi.org/10.1111/jocn.17786
https://doi.org/10.1182/bloodadvances.2018024828
https://doi.org/10.1182/bloodadvances.2018024828
https://doi.org/10.1016/j.rec.2020.05.013
https://doi.org/10.1097/CCM.0000000000004306
https://doi.org/10.1097/CCM.0000000000004306
https://doi.org/10.3969/j.issn.1006-5253.2022.01.004
https://doi.org/10.1007/s11239-021-02395-6
https://doi.org/10.1007/s11239-021-02395-6
https://doi.org/10.3389/fphys.2020.608788
https://doi.org/10.3389/fphys.2020.608788
https://doi.org/10.1097/CCM.0b013e31821cb774
https://doi.org/10.1097/CCM.0b013e31821cb774
https://doi.org/10.2147/VHRM.S382050
https://doi.org/10.3389/fmed.2024.1508485
https://doi.org/10.7759/cureus.27164
https://doi.org/10.3870/j.issn.1001-4152.2021.06.035
https://doi.org/10.1016/j.ajem.2020.12.076
https://doi.org/10.1016/j.thromres.2021.10.020
https://doi.org/10.1016/j.thromres.2021.10.020
https://doi.org/10.1038/s41598-022-16515-6
https://doi.org/10.1016/S0140-6736(20)32658-1
https://doi.org/10.20452/pamw.16604
https://doi.org/10.47310/jpms2025140403
https://doi.org/10.3969/j.issn.1672-1756.2022.07.031
https://doi.org/10.1016/j.wneu.2021.10.106
https://doi.org/10.1186/s12891-024-08133-2
https://doi.org/10.1016/j.aenj.2012.06.002
https://doi.org/10.1016/j.aenj.2012.06.002
https://doi.org/10.1016/j.wneu.2021.10.071
https://doi.org/10.1016/j.wneu.2021.10.071
https://doi.org/10.3969/j.issn.1671-2897.2024.04.001
https://doi.org/10.3969/j.issn.1671-2897.2024.04.001
https://doi.org/10.1177/02683555231176911
https://doi.org/10.1177/02683555231176911
https://doi.org/10.1186/s10195-022-00639-6
https://doi.org/10.12102/j.issn.1009-6493.2023.05.006
https://doi.org/10.1186/s13018-023-04407-y
https://doi.org/10.1371/journal.pone.0302676
https://doi.org/10.1371/journal.pone.0302676
https://doi.org/10.1161/JAHA.116.004311
https://doi.org/10.1161/JAHA.116.004311
https://doi.org/10.3969/j.issn.1002-1949.2022.09.016
https://doi.org/10.3969/j.issn.1002-1949.2022.09.016
https://doi.org/10.5853/jos.2022.02215
https://doi.org/10.5853/jos.2022.02215
https://doi.org/10.1177/0885066619841547
https://doi.org/10.1111/nicc.12455
https://doi.org/10.1016/j.wneu.2017.10.012
https://doi.org/10.7759/cureus.88697
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

	A nomogram for predicting hospital-acquired venous thromboembolism in ICU patients with mechanical ventilation: a retrospective cohort study
	1 Introduction
	2 Materials and methods
	2.1 Study design and patients
	2.2 Variable extraction and data pre-processing
	2.3 Definition of outcome
	2.4 Statistical analysis

	3 Results
	3.1 Baseline demographics and clinical characteristics
	3.2 Risk prediction model development
	3.3 Development of a predictive nomogram
	3.4 Validation of the nomogram

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References




