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Venous thromboembolism (VTE) is a common complication in patients with traumatic brain injury 
(TBI). This study aimed to assess the predictive ability of the Caprini score, Risk Assessment Profile for 
Thromboembolism (RAPT), and Trauma Embolic Scoring System(TESS) for VTE risk assessments in 
TBI patients. A retrospective analysis of 460 TBI patients was conducted, categorizing them into VTE 
and non-VTE groups based on imaging results. The three scales were applied to assess VTE risk, and 
their performance was compared using receiver operating characteristic(ROC) curves and area under 
the curve(AUC) values. The VTE incidence was 31.7%. The RAPT scale demonstrated the highest AUC 
(0.826) and optimal cutoff (9.5) with balanced sensitivity (0.753) and specificity (0.771). The Caprini and 
TESS scales also showed moderate to high predictive value but had lower AUCs. All three scoring scales 
showed medium to high predictive value for the risk of VTE in patients with TBI. Among them, the 
RAPT scoring scale offered the highest predictive value for VTE risk in TBI patients, with fewer items, 
making it easier for clinical implementation. It stands as the most appropriate VTE risk assessment 
scale for TBI patients at present.
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Venous thromboembolism (VTE), including deep vein thrombosis and pulmonary embolism, is the third most 
common cardiovascular disease in the world1. In China, the population incidence of VTE is 17.5 per 100,000 
individuals2, representing a significant cause of unanticipated mortality among inpatients across all levels of 
hospitals. Traumatic brain injury (TBI) is brain damage caused by external impacts or penetrations to the head, 
which can result from various causes3. Each year, around 69 million people worldwide experience TBI, TBI is the 
leading cause of trauma-related deaths and disabilities globally4 and is also a separate risk factor for VTE5,Patients 
with TBI experience prolonged bed rest caused by trauma, blood vessel damage from surgery, and increased 
tissue factor release in the vascular system post-trauma, which elevates procoagulant factors and contributes to 
the onset of VTE6,7. VTE in TBI patients is characterized by high incidence, high mortality, high misdiagnosis 
rate, and high missed diagnosis rate8, Relevant studies indicate that after the occurrence of VTE in TBI patients, 
the risk of adverse outcomes such as mortality, prolonged hospital stays, increased surgical procedures, ventilator 
dependency, prolonged bed rest, invasive intracranial monitoring, and surgery significantly increase9. Therefore, 
early prophylaxis of VTE is crucial for improving the prognosis of patients with TBI.

Assessing the risk of VTE is essential for early risk-benefit analysis in VTE prevention decision-making. 
The American College of Chest Physicians (ACCP) recommends this assessment as a standard practice to 
prevent thrombosis10. Accurate assessment and identification of high-risk patients through VTE risk assessment 
tools can facilitate targeted interventions for TBI patients, thereby reducing the incidence of VTE. Currently, 
there is no universally accepted VTE risk assessment scale tailored for TBI patients. The Caprini score is the 
most widely used tool for evaluating thrombosis risk in hospitalized patients undergoing surgeries other than 
orthopedic ones11, while the RAPT score and the TESS score are often used for assessing risk in hospitalized 
trauma patients12,13.

ACCP recommends using the Caprini scale to assess the risk of VTE in hospitalized patients11. The Caprini 
Risk Assessment Scale was first published by Professor Caprini in 199114 and the currently most widely used 
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version, Caprini 2005, was formulated in 200515. It was developed based on evidence-based medical evidence, 
expert consensus, and clinical experience. This scale has been recommended by ACCP guidelines11 for assessing 
thrombosis risk in hospitalized patients undergoing surgeries other than orthopedic surgeries and has been 
clinically validated in populations such as internal medicine, oncology, ICU, trauma, and orthopedic surgery 
patients16–19; The European Society for Trauma and Emergency Surgery (ESTES) guideline20 recommend the 
use of the RAPT scale or the TESS scale for assessing the risk of VTE in trauma patients. Additionally, the 
RAPT scale is also recommended by the European Association of Neurosurgical Societies (EANS) guideline for 
assessing VTE risk in neurosurgical patients. Both the RAPT scale and the TESS scale are tools for assessing VTE 
risk in trauma patients and have good predictive power and clinical practicality; The RAPT score, developed by 
Greenfield et al.12, is a VTE risk assessment tool for trauma patients, developed based on clinical experience and 
literature reviews. Previous researchers have already validated the RAPT scale21,22, consistently demonstrating 
its predictive capability for VTE in trauma patients. The TESS score scale was developed by Rogers et al.13 in 
2012, drawing upon clinical experience and significant risk factors for VTE identified in retrospective studies.
Although the TESS scale was validated using data from the National Trauma Database (NTDB)13, subsequent 
research is relatively scarce. Only a few studies, such as those by Ho KM et al. in severely injured patients23 and 
Walker PF et al. in military trauma patients24, have further explored its application, indicating that it still lacks 
extensive clinical research in other aspects and its generalizability remains to be confirmed.

The above-mentioned scales have been utilized in the context of surgical or trauma patients; however, their 
efficacy in predicting outcomes for individuals with TBI remains uncertain. This study is designed to investigate 
the application potential of the well-established Caprini, RAPT, and TESS risk assessment scales in TBI patients, 
aiming to expand their usability rather than developing a novel prediction model. Therefore, we retrospectively 
analyzed the clinical data of 460 patients with TBI admitted to a regional trauma medical center from July 2019 
to July 2022. The objective of this study was to rigorously evaluate and compare the Caprini, RAPT, and TESS 
risk assessment scales in terms of their ability to precisely predict the risk of VTE in patients with TBI.

Materials and methods
Patients
This investigation constitutes a retrospective cohort study, wherein the hospital’s medical record information 
system was employed to identify cases with discharge diagnoses encompassing “traumatic brain injury”, 
“traumatic intracerebral hemorrhage” and “traumatic craniocerebral trauma” among patients admitted to a 
regional trauma medical center from July 2019 to July 2022.

Inclusion criteria
(1) Patients admitted to hospital due to trauma and diagnosed with TBI based on head CT or MRI results for the 
first time; (2) Age ≥ 18 years; (3) No previous history of anticoagulant drugs, antiplatelet therapy, or thrombolytic 
medication; (4) Ultrasound and/or CTPA examination results during hospitalization.

Exclusion criteria

 (1) VTE was diagnosed at admission; (2) Patients who died and voluntarily discharged within 3 days after 
admission; (3) Cases with incomplete clinical data. Based on the aforementioned diagnostic criteria, a total 
of 460 cases met the criteria (Fig. 1). The hospital ethics committee approved this retrospective study (IRB 
number: 2023 − 1888); The procedures used in this study adhere to the Declaration of Helsinki; as this study is 
retrospective and does not involve patient privacy information, the informed consent was waived.
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Fig. 1.   Patient inclusion flowchart

Diagnostic criteria for VTE
The diagnosis of VTE was based on Doppler vascular ultrasound and CT pulmonary angiography (CTPA). At 
our institution, it is a routine practice to perform weekly ultrasound screening of the limb vessels for bedridden 
TBI patients, The Doppler color ultrasound was performed using a CX50 bedside portable ultrasound device 
(Philips Company, Amsterdam, the Netherlands) with an L12-3 probe operating at a frequency of 3-12 MHz. 
Experienced ultrasound physicians routinely screened the limb vessels of patients with traumatic brain injuries 
weekly, examining the venous lumens for abnormal echo fillings, any filling defects in the blood flow signals, and 
the ability of the probe to occlude the vessels upon pressure. Findings such as weak, iso-, or slightly hyperechoic 
areas filling the deep venous lumens, absent or deficient blood flow signals, or partial occlusion of the vessels 
upon probe pressure, all suggest the presence of deep venous thrombosis. Patients exhibiting symptoms 
suggestive of pulmonary embolism, such as dyspnea and chest pain, along with elevated D-dimer levels, were 
promptly subjected to CTPA. The radiology technician employed dual-source CT (Siemens Somatom Definition 
Flash, Germany) for localization and contrast-enhanced scanning. Following the procedure, the images were 
transferred to a Siemens workstation, where two experienced radiologists assessed the quality of the post-
processing images. The presence of filling defects in the pulmonary arteries was observed to exclude the presence 
of PE.The primary outcome of this study is to determine whether patients with TBI develop VTE. The presence 
of VTE in patients is identified through Doppler vascular ultrasound and CT pulmonary angiography. If the test 
results show deep vein thrombosis or pulmonary embolism, it is judged that VTE has occurred and is recorded 
as a positive outcome.

Data collection
The patients’ general information, including their sex, age, body mass index(BMI), injury severity score(ISS), 
total hospital length of stay (LOS), Glascow coma scale(GCS), GCS level, cause of injury, surgery, central venous 
catheter(CVC), mechanical prophylaxis, chemoprophylaxis, and incidence of VTE were collected. The patients’ 
VTE risk was assessed using the Caprini 2005 score, the RAPT score and the TESS score. The corresponding 
scores were calculated based on the patient information after reviewing the medical records. Prior to the 
commencement of the study, we provided unified training to the researchers involved in data collection and 
assessment. We clearly defined the specific definitions and judgment criteria for each risk factor. Additionally, for 
some controversial cases, group discussions and expert consultations were carried out to ensure the consistency 
of scoring.

The Caprini 2005 Risk Assessment Scale encompasses a comprehensive set of criteria, including patient 
demographics, comorbidities, trauma history, surgical procedures, medical history, laboratory findings, and 
additional considerations, totaling 38 individual risk factors. Each factor is allocated a specific score, with the 
cumulative score then translated into one of four risk tiers: a score of 0–1 results from low risk, 2 points indicate 
moderate risk, 3–4 points classify as high risk, and a score of 5 or above is categorized as very high risk25.
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The RAPT scoring scale classifies recognized risk factors into four categories: underlying medical conditions, 
iatrogenic factors, injury-associated factors, and age. Comprising 19 individual scoring items, the scale yields a 
cumulative score ranging from 0 to 46, with scores exceeding 5 denoting a high-risk category for thromboembolic 
events12.

The TESS scoring scale classifies risk factors into five key areas: obesity, mechanical ventilation, lower limb 
trauma, age, and ISS26. Comprising 13 scoring items in total, the scale yields a cumulative score ranging from 0 
to 14. The final scores are stratified into four risk levels: 0–3 points suggest no risk, 4–6 points denote moderate 
risk, 7–10 points indicate high risk, and scores exceeding 10 points are classified as very high risk13.

Data processing and statistical analysis
Two researchers independently verified data included in the study and corrected any errors. Data were stored 
using Excel 365(Microsoft Corporation, Redmond, Washington, USA) and Data analysis was performed using 
IBM SPSS 25.0 statistical software. [​h​t​t​p​s​:​​​/​​/​w​w​​w​.​i​b​​m​.​c​​o​m​/​p​r​​o​d​u​c​​t​​s​/​s​​p​s​s​​-​s​t​a​t​i​​s​t​i​​c​a​​l​-​s​o​f​t​w​a​r​e](IBM Corporation, 
Armonk, New York, USA). Measurement data were tested for normality using the Shapiro-Wilk method, and 
those conforming to a normal distribution were described using the mean ± standard deviation. The comparison 
between the VTE group and the non-VTE group was carried out using the independent sample t - test. Data 
with a non-normal distribution were expressed as M (Q1, Q3), and the Mann-Whitney U test was used for the 
comparisons between the VTE group and the non-VTE group. Count data were described using frequency 
and percentages and analyzed with the chi-square test. Receiver operating characteristic  (ROC) curves were 
constructed and the area under the curve (AUC) with 95% confidence interval (95%CI) were calculated based on 
the scores from three risk scales(). Sensitivity and specificity were calculated to assess the predictive accuracy of 
these scales for VTE in TBI patients. An AUC 0.9 indicates high discrimination ability27; Pairwise comparisons 
of AUC were conducted using the Delong method, with a significance level of a = 0.05;Furthermore, we fitted 
logistic regression models based on the scores of the three scales and the VTE outcome respectively, used the 
calibration curve to identify model calibration, and used the decision curve analysis (DCA) curve to analyze the 
differences in the clinical utility of different scales.The above analysis was completed using R 4.4.2 and the rms 
and ggDCA packages.

Results
Demographics of subjects
A total of 460 TBI patients were included based on the inclusion and exclusion criteria, as shown in Fig. 1. Of 
these, 349 were male [75.9%] and 111 were female [24.1%], with ages ranging from 18 to 101 years and a median 
age of 54 years. The average BMI was 22.83. The ISS had a median of 25 points. The average length of hospital 
stay was 12 days.The average GCS score was 9 points. The causes of injury were traffic accidents in 164 cases 
(35.6%), falls/high falls in 224 cases (48.6%), and other causes in 72 cases (15.6%). Medication for prevention 
was used in 75 cases (16.3%), and physical prevention methods were used in 70 cases (15.2%). The Caprini risk 
score ranged from 6 to 28 points, with a median of 12 points The RAPT risk score ranged from 2 to 22 points, 
with a median of 8 points. The TESS risk score ranged from 0 to 14 points, with a median of 8 points. Of these 
patients, 146 cases developed VTE, accounting for 31.7%, Among the 146 cases with thrombosis, according to 
the site of occurrence, there were 120 cases (80.2%) of calf intermuscular veins, 22 cases (15%) of posterior tibial 
veins, 16 cases (11.0%) of femoral veins, 11 cases (7.5%) of axillary veins, 7 cases (4.8%) of popliteal veins, 7 cases 
(4.8%) of peroneal veins and 2 cases (1.4%) of pulmonary embolism. When comparing the characteristics of the 
two groups of patients, there were no statistically significant differences in sex, age, BMI, and scores on various 
physical prophylaxis scales (P > 0.05). However, there were statistically significant differences in ISS, length 
of hospital stay, GCS, GCS level,  causes of injury, surgical treatment, placement of central venous catheters, 
chemoprophylaxis and scores on various scales (P < 0.05) as shown in Table 1.

In our study, VTEs were detected through weekly surveillance. Among them, the number of symptomatic 
cases was relatively small. Specifically, there were 12 cases with extremity swelling and only 2 cases with 
symptoms such as dyspnea and chest pain. The relatively low incidence of symptomatic VTE might be due to 
the fact that many VTEs were detected at an earlier stage during the regular surveillance before they developed 
into more severe conditions with obvious symptoms. Previous studies have also suggested that the risk factors 
for symptomatic and asymptomatic VTE are generally consistent. For example, in a study by Knudson et al.28, 
they found that factors such as age, ISS, and presence of lower extremity fracture were significant risk factors for 
both symptomatic and asymptomatic VTE in trauma patients. The main difference between them lies in whether 
there are clinical manifestations, which may be related to the time and severity of VTE when it is discovered. 
Symptomatic VTE is more likely to be detected when the thrombus has already caused a certain degree of 
obstruction or embolization, while asymptomatic VTE is usually found earlier in the course of the disease. This 
further emphasizes the importance of regular screening for early detection of VTE, regardless of whether it is 
symptomatic or not, to take appropriate preventive and treatment measures in a timely manner.

The correlation between the risk assessment score and the incidence of VTE
With the increase of the scores of each scale, the actual incidence of VTE showed a stable upward trend, as shown 
in Figs. 2, 3 and 4.

Comparison of ROC curves for three scales
ROC curves were shown in Fig. 5. Among these three scales, the AUC for RAPT (0.826) was greater than that 
for Caprini (0.783) and TESS (0.765). RAPT and Caprini scales both had the highest sensitivity of 0.753, but 
the RAPT scale had the highest specificity of 0.771; For the Caprini scale, using 12.5 as the cutoff point, the 
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sensitivity and specificity were 0.726 and 0.729 respectively, with a Youden’s index of 0.455 and an AUC of 0.783; 
For the RAPT scale, using 9.5 as the cutoff point, the sensitivity and specificity were 0.753 and 0.771 respectively, 
with a Youden’s index of 0.524 and an AUC of 0.826; For the TESS scale, using 8.5 as the cutoff point, the 
sensitivity and specificity were 0.753 and 0.672 respectively, with a Youden’s index of 0.425 and an AUC of 0.765, 
as shown in Table 2. The AUCs of the three scales were compared using the Delong test. showing that there was 
a statistically significant difference in the AUC between the RAPT scale and the Caprini risk assessment scale, as 
well as between the RAPT risk assessment scale and the TESS scale (P < 0.05). However, as seen in Table 3, there 
was no statistically significant difference in the AUC between the Caprini and TESS scales (P > 0.05) (Figs 6, 7, 8).

Fig. 2.  Distribution of caprini score.

 

Characteristics
VTE group
(n = 146)

Non-VTE group
(n = 314) t /χ2/z P

Sex (n) (%)

Male 117(80.1) 232(73.9)
2.13 0.145

Female 29(19.9) 82(26.1)

Age 56(46, 69.25) 54(38, 69) -1.59 0.133

BMI 22.98 ± 3.48 22.75 ± 3.36 0.67 0.501

ISS 33.5(25, 42) 25(16, 33) -6.13 <0.001

LOS 25(15, 36) 9(5, 15.25) -7.50 <0.001

GCS 5(4, 9) 13(6, 15) -6.89 <0.001

GCS level (n) (%)

 13 ~ 15 31(21.2) 174(55.4)

55.53 <0.001 9 ~ 12 14(9.6) 36(11.5)

 ≤ 8 101(69.2) 104(33.1)

Cause of injury (n) (%)

Traffic injury 62(42.5) 102 (32.5)

10.35 0.006Fall injury or High fall injury 72(49.3) 152 (48.4)

Other types 12(8.2) 60(19.1)

Surgery (n) (%) 109(74.7) 149(47.5) 56.17 <0.001

Central venous catheter (n) (%) 75(51.4) 51(16.2) 61.83 <0.001

mechanical prophylaxis (n) (%) 20(13.7) 50(15.9) 0.38 0.536

chemoprophylaxis (n) (%) 61(41.8) 14(4.5) 101.73 <0.001

Caprini score 14 (12, 16) 11(9, 13) -7.53 <0.001

RAPT score 12(9.75, 15) 7(5, 9) -8.73 <0.001

TESS score 10(8.75, 11) 6 (4, 9) -7.25 <0.001

Table 1.  Basic characteristics of included patients and scores from three scales. VTE, Venous 
thromboembolism; ISS, injury severity score; LOS, total hospital length of stay; GCS, Glascow coma scale.
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Model calibration curve comparison: See Figs. 6, 7, 8. Among the three scales, the calibration curves of RAPT 
and TESS were close to the ideal curve, and both had relatively low MAE (the MAE of RAPT was 0.031, and 
that of TESS was 0.015), indicating that the deviation between the predicted risk and the actual risk of these two 
scales was relatively small. However, the calibration curve of the Caprini scale showed an obvious tendency to 
overestimate the actual risk at higher predicted probabilities, and its MAE value was 0.055.

Model clinical decision curve comparison: See Fig. 9. It can be seen that the RAPT scale had a clinical net 
benefit in a wider range, as well as a greater net benefit than the Caprini scale and the TESS scale. This means that 
in clinical practice, using the RAPT scale for VTE risk assessment can more effectively identify high-risk patients 
while avoiding unnecessary interventions, thus providing more valuable guidance for clinical decision-making.

Discussion
TBI patients are a high-risk population for VTE. This study showed that the incidence of VTE in patients was 
31.7%, which is generally consistent with previous studies reporting a VTE incidence rate of 5-54% in TBI 
patients29. In the management of TBI, patients are at a significantly elevated risk of VTE, while also facing the 
potential danger of intracranial hemorrhage30. The delay in administering anticoagulation therapy has been 
identified as a crucial factor contributing to the onset of VTE in TBI patients31. In the current study, only 16.3% 
of patients received pharmacological prophylaxis. Despite a majority of studies suggesting that early prophylactic 
use of low molecular weight heparin (LMWH) in TBI patients is safe32–36, many authoritative guidelines do 
not firmly advocate for pharmacological prevention during hospital stay for these patients20,37,38 due to the 
lack of sufficient high-quality evidence. The optimal timing for initiating postoperative pharmacological 
anticoagulation in TBI patients who have undergone surgical intervention remains a topic of clinical debate. 

Fig. 4.  Distribution of TESS Score.

 

Fig. 3.  Distribution of RAPT score.
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The more conservative approach to prevention may explain the higher incidence of VTE observed in this study. 
Moreover, the high prevalence of VTE is gaining attention, and the significance of risk assessment and periodic 
screening is underscored10. Periodic screening may also enhance the detection of asymptomatic VTE. The 
incidence of symptomatic VTE and its concrete impact on patient outcomes warrant further exploration.

A recent retrospective analysis of 75,570 cases reported that penetrating injuries, increasing age (> 75 years), 
male sex, obesity, tachycardia, increased head AIS, moderate abdominal-related injuries (AIS = 2), spinal injuries, 
upper limb injuries, lower limb injuries, craniotomy or intracranial pressure monitoring and previous history of 

Risk assessment scale Z P AUC difference

Asymptotic 
95% 
confidence 
interval

Caprini- RAPT -2.170 0.030 -0.043 -0.081 -0.004

Caprini-TESS 0.680 0.497 0.018 -0.034 0.070

RAPT - TESS 2.977 0.003 0.061 0.021 0.101

Table 3.  Paired-Sample area difference under the ROC curves.

 

Risk assessment scale
Optimal
cut-off value Sensitivity Specificity

Youden’s
Index AUC (95%CI)

Caprini 12.5 0.726 0.729 0.455 0.783(0.739 ~ 0.827)

RAPT 9.5 0.753 0.771 0.524 0.826(0.786 ~ 0.866)

TESS 8.5 0.753 0.672 0.425 0.765(0.719 ~ 0.811)

Table 2.  Predictive performance of three risk assessment scales in hospitalized TBI patients.

 

Fig. 5.  ROC curves of three risk assessment scales.
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hypertension are all independent risk factors for VTE in TBI patients39. However, there is currently no specifically 
developed risk assessment scale for TBI patients, and existing risk assessment scales do not adequately cover the 
above risk factors. Therefore, the choice of risk assessment scale for TBI patients remains an unresolved issue. In 
previous studies, the dedicated thrombotic risk assessment scales for trauma patients mainly included the RAPT 
and TESS scoring systems12,13, while the Caprini scoring scale is widely used for risk assessment of all surgical 
inpatients. Therefore, this study evaluated TBI patients using the existing Caprini, RAPT, and TESS thrombotic 
assessment scales and compared the predictive ability of the three scales.

The results of this study indicated that the AUC values for all three scoring systems were greater than 0.5, 
suggesting predictive value for each. Among them, the RAPT scoring system exhibits the highest predictive 
value with an AUC of 0.826, followed by the Caprini scoring system (0.783) and the TESS scoring system (0.765). 
In this study, in addition to the traditional AUC index, we further employed calibration curves and DCA curves 
to deeply evaluate the applicability of risk assessment scales in clinical practice. As previous studies have pointed 
out40, relying solely on the AUC index can reflect the discriminatory ability of the model to a certain extent, but 
it lacks sufficient and detailed insights into the performance of the model in actual clinical decision-making. 
The calibration curve can intuitively display the calibration degree of the model by comparing the predicted 
risk with the actually observed risk. We found that when analyzing the Caprini, RAPT, and TESS scales, they 
each exhibited different calibration characteristics. For example, the RAPT scale performed relatively better in 
the calibration curve, with a relatively smaller mean absolute error, indicating that the deviation between the 
risk predicted by this scale and the actually occurring risk is relatively small, which to some extent reflects its 
advantages in the accuracy and reliability of risk estimation. This is consistent with our expectations in actual 
clinical applications, that is, a good risk assessment scale should be able to accurately quantify the risk of VTE 
occurrence in patients, avoid overestimating or underestimating the risk, and thus provide a more reliable basis 
for clinical decision-making41. Through the DCA curve42, we can clearly see the changes in the net benefit 
brought by each scale within different risk threshold ranges. In this study, the RAPT scale showed a higher net 
benefit within multiple reasonable risk threshold ranges, which means that in clinical practice, using this scale 
for VTE risk assessment can effectively identify high-risk patients while avoiding unnecessary interventions, 
thus providing more valuable guidance for clinical decision-making. In contrast, the Caprini and TESS scales 
had relatively lower net benefits within certain threshold ranges, further highlighting the advantages of the 
RAPT scale in clinical utility. The RAPT scoring system is primarily used for trauma patients, but there has 
been some controversy regarding its predictive reliability in previous studies43. In previous research, Gearhart 
et al.21 reported a sensitivity of 100% and a specificity of 39% when the cutoff score was 5. In contrast, Hegsted 
et al.22 reported a sensitivity of 82% and a specificity of 57%, while Zander et al.43,reported a sensitivity of 83% 

Fig. 6.  Calibration curve for caprini RAM.
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and a specificity of 37%, with an AUC of 0.66. These studies focused on trauma populations. However, our study 
found that the optimal cutoff score for using RAPT to assess TBI patients is 9.5, at which point the sensitivity of 
RAPT is 0.753 and the specificity is 0.771, indicating a relatively balanced ability to identify both high-risk and 
low-risk patients. Compared to the Caprini and TESS scoring systems, The RAPT scoring system has the highest 
predictive value for VTE occurrence in TBI patients.

Further analysis suggests several possible reasons for the superior predictive ability of the RAPT scoring 
system in TBI patients. The RAPT scoring system includes assessments related to head injury (head AIS > 2 & 
GCS < 8), which are more effective in identifying critically ill TBI patients who are prone to prolonged bed rest 
and thus more susceptible to VTE. The other two scoring systems lack relevant descriptions of craniocerebral 
injury. The high prevalence of abnormal coagulation is another important factor. Studies have reported that 
approximately 20% of TBI patients exhibit coagulation disorders on admission44. This may be related to 
post-traumatic hyperfibrinolysis, vascular endothelial injury, acidosis, platelet dysfunction etc45. When 
the prothrombin time is shortened, indicating a hypercoagulable state, the risk of VTE is higher. Therefore, 
close monitoring of coagulation function during treatment is crucial for the prognosis of TBI patients. While 
effectively controlling further bleeding, it is also necessary to be vigilant about hypercoagulability. Additionally, 
surgery, blood transfusion, and deep venous catheterization are commonly used treatments for TBI patients. 
Relevant studies have found that these are all high-risk factors for VTE occurrence46,47. Therefore, such patients 
require high vigilance for the occurrence of VTE.

The findings indicate that a cutoff score of 9.5 is optimal for the RAPT scoring system. Patients scoring below 
5 have a low incidence of VTE at only 3.9%. The RAPT scale is designed with practicality in mind, featuring 
four dimensions and 19 items, offering a more streamlined and clinically applicable approach compared to the 
38-item Caprini risk assessment scale. This tool enables clinical nursing staff to efficiently evaluate VTE risk, 
thereby facilitating the implementation of preventive strategies and potentially reducing the prevalence of VTE 
in patients suffering from traumatic brain injury.

The Caprini scoring system has been less frequently used in trauma and TBI populations. Kirill et al. reported48 
that in trauma and general surgical patients, the VTE incidence was 15.5–15.9% when the Caprini score was 
9–10, and 47.1% when the score was ≥ 11. The current study found that the average Caprini score for TBI patients 
was 12, with a VTE incidence of 16% for scores in the 10–11 range and 52.8% for scores ≥ 12, similar to Kirill’s 
findings. Previous studies have shown that the Caprini scoring system has acceptable predictive performance, 
with AUC values ranging from 0.738 to 0.9249–51. Our study also found that it has good discrimination, and 
when the cutoff score is 12.5, the sensitivity (72.6%) and specificity (72.9%) are optimal. However, compared to 
the RAPT scoring system, the Caprini scoring system has too many assessment items, some of which are not 
suitable for Asian populations. For example, the assessment items such as Positive Factor V Leiden and Positive 

Fig. 7.  Calibration curve for RAPT RAM.
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Fig. 9.  Net benefit curves for Caprini, RAPT and TESS RAM models.

 

Fig. 8.  Calibration curve for TESS RAM.
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Prothrombin 20,210 A are the main hereditary thrombotic factors in Western countries. Since these items are 
not relevant to the Asian population characteristics, the Caprini assessment scale lacks specificity for the target 
population52–55. According to the risk stratification recommended by ACCP guidelines, all TBI patients in this 
study are at high risk of VTE, indicating that a specific cutoff score needs to be established for the TBI population 
to guide clinical practice. The TESS scoring system, designed explicitly for trauma patients as a thrombosis 
assessment tool, exhibits certain limitations. In our application, it has shown relatively lower accuracy compared 
to other scales. Although it has been validated to some extent, it still lacks comprehensive clinical research across 
diverse scenarios. Findings from this study suggest that when predicting the occurrence of VTE in TBI patients, 
the TESS scoring system demonstrates the weakest predictive ability among the compared scoring systems. 
For example, its AUC values were lower, and its risk stratification was less effective, with a notable percentage 
of VTE events occurring even in the low - risk group it defined. Given these findings, future efforts might 
be directed towards modifying its assessment items. This could involve incorporating variables more relevant 
to TBI patients, such as specific markers related to brain injury - induced hypercoagulability, to enhance its 
predictive power and applicability in this patient population.

Shortcomings and prospects
This study comprehensively compared the application effects of three risk assessment scales in patients with 
TBI, providing a reference for VTE risk assessment practices in TBI patients. However, there are still several 
limitations: (1) This study constitutes a single-center, retrospective analysis with a limited sample size, which 
may not fully represent the broader population. Future research will involve multi-center, prospective studies 
to enlarge the sample size, delving deeper into the long-term efficacy of the RAPT scale for VTE prevention 
in TBI patients. (2) The current study’s scope did not permit a detailed analysis of the specific items within 
the scales that influence VTE outcomes. Future endeavors may focus on identifying unique risk factors for 
VTE in TBI patients and explore the potential of combining the RAPT scale with additional factors such as 
coagulation profiles and imaging results to develop a more tailored risk assessment tool for TBI-related VTE. (3) 
The assessment method employed in this study was based on human judgment, which could introduce bias. To 
improve efficiency and accuracy, future assessments will aim to integrate the scale into electronic medical record 
systems. (4) The limitations of this study is the absence of a comprehensive validation analysis across different 
datasets as typically required for prediction models. Since our focus was on the exploration of scale applicability 
in TBI patients, we did not conduct such an analysis. However, this may introduce uncertainties regarding the 
generalizability of our results to other populations. Future studies should consider validating these scales in 
more diverse datasets to enhance the reliability of their application.(5)One of the limitations of this study is that 
our institution’s practice of using weekly routine ultrasound screening for TBI patients may not be consistent 
with the VTE screening routines in other institutions.

Conclusion
In summary, TBI patients have a higher risk of developing VTE, and it is worth exploring which risk assessment 
scale is effective for this population. This study found that compared to the Caprini Risk Assessment Model and 
the TESS scale, the RAPT scale has better predictive effectiveness for VTE risk in TBI patients. It is recommended 
to further promote its clinical application and, in the future, combine it with stratified precision interventions to 
provide support for reducing the incidence of VTE in TBI patients.

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable 
request.
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