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Background: von Willebrand factor (VWF) has been widely recognized as a

biomarker for endothelial cell activation in trauma and inflammation. Traumatic

brain injury (TBI) is characterized by cerebral vascular injury and subsequent

inflammation. The objective of this study was to investigate the correlation

between VWF levels and clinical severity, as well as imaging abnormalities, in

TBI patients. Additionally, the predictive value of VWF for patient outcomes

was assessed.

Methods: We conducted a prospective study to recruit acute TBI patients who

were admitted to the emergency department within 24h. Healthy individuals from

the medical examination center were recruited as the control group. This study

aimed to compare the accuracy of VWF in discriminating TBI severity and imaging

abnormalities with the Glasgow Coma Scale (GCS) and Rotterdam computed

tomography (CT) scores. We also analyzed the predictive value of these outcomes

using the Glasgow Outcome Scale (GOS) and 6-month mortality.

Results: The plasma concentration of VWF in TBI patients (84.7 ± 29.7 ng/ml)

was significantly higher than in healthy individuals (40 ± 8.8 ng/ml). There was a

negative correlation between VWF levels and GCS scores, as well as a positive

correlation between VWF levels and Rotterdam CT scores. The area under the

curve (AUC) for VWF in discriminating mild TBI was 0.76 (95% CI: 0.64, 0.88), and

for predicting negative CT findings, it was 0.82 (95% CI: 0.72, 0.92). Meanwhile, the

AUC of VWF in predicting mortality within 6 months was 0.70 (95% CI: 0.56, 0.84),

and for a GOS score lower 4, it was 0.78 (95% CI: 0.67, 0.88). Combining VWF with

either the GCS or Rotterdam CT score improved the prediction ability compared

to using VWF alone.

Conclusion: VWF levels were significantly elevated in patients with TBI compared

with healthy individuals. Furthermore, VWF levels demonstrated a negative

correlation with GCS scores and a positive correlation with Rotterdam CT scores.

In terms of predicting mortality, VWF alone was not su�cient, but its predictive

power was enhancedwhen combinedwith either the RotterdamCT score or GCS.

These findings suggest that VWF may serve as a potential biomarker for assessing

the severity and prognosis of TBI patients.
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Introduction

Traumatic brain injury (TBI) is one of the most common

diseases in the emergency department and a leading cause of

death and disability, imposing a significant economic burden on

individuals and society (Hyder et al., 2007). Globally, over 50

million people experience TBI annually, with a high likelihood of

TBI incidents occurring throughout their lifetimes (Tang et al.,

2020).

TBI progresses rapidly, presents numerous complications,

and has a high mortality rate. Therefore, timely and accurate

evaluation of TBI patients is very important for distinguishing

between those who need emergency surgery and those who need

conservative observation (Hon et al., 2019; Vavilala et al., 2019;

Al-Hajj et al., 2021; Miller et al., 2021). Accurate diagnosis, triage,

and treatment are essential for TBI patients, who are typically

stratified based on the Glasgow Coma Scale (GCS), which assesses

neurological dysfunction by evaluating eye, verbal, and motor

responses. The GCS categorizes TBI severity as severe (GCS 3–

8), moderate (GCS 9–12), and mild (GCS 13–15) TBI. However,

the GCS has several limitations, often resulting in an inaccurate

classification of TBI severity (Stocchetti et al., 2004). Cranial

computer tomography (CT) scans are commonly used in the

early stages to determine the severity of brain injuries. Although

repeated CT scans improve diagnostic accuracy, they also increase

the risk of radiation exposure (Brenner and Hall, 2007). Moreover,

CT examination may not detect relatively minor lesions (Papa

et al., 2012). Although magnetic resonance imaging (MRI) offers

higher sensitivity and specificity, it is not suitable for patients with

severe conditions requiring continuous mechanical ventilation

(Tokshilykova et al., 2020). Its high cost and limited accessibility

restrict its use for repeated monitoring of TBI progression. The

Glasgow Outcome Scale (GOS) is often used to evaluate clinical

outcome variables, including survival and neurological assessment,

in TBI patients, but it also has some limitations (Corral et al.,

2007; Lu et al., 2012). Therefore, there is a need to explore new

methods for detecting changes in the brain structure or function

that may have important implications for prognosis (Kurca et al.,

2006).

In recent years, there has been an increasing focus on

experimental and clinical studies aimed at identifying blood-

based biomarkers for the diagnosis and prognostic evaluation

of TBI (Anada et al., 2018). Inflammation is one of the main

pathophysiological mechanisms of TBI (Abdul-Muneer et al.,

2015). The impact or shear force experienced by cerebral blood

vessels during TBI can lead to compression, damage, or a cascade

of reactions due to brain tissue contusion and edema (Nawashiro

et al., 1995; DeWitt and Prough, 2003). These injuries may result

in cerebral vessel rupture, hemorrhage, and thrombosis, which can

subsequently cause severe consequences such as stroke. Therefore,

Abbreviations: TBI, traumatic brain injury; ELISA, enzyme-linked

immunosorbent assay; GCS, Glasgow Coma Scale; CT, computer

tomography; GO, Gene Oncology; GOS, Glasgow Outcome Scale; MRI,

magnetic resonance imaging; VWF, von Willebrand factor; ROC, receiver

operating characteristic; AUC, area under the curve; CI, confidence interval;

ICU, intensive care unit.

when addressing TBI, it is crucial to not only focus on the damage

to brain tissue itself but also closely monitor cerebrovascular

injuries. von Willebrand factor (VWF) serves as a critical factor

in promoting platelet recruitment to the site of vascular injury

and regulating hemostasis during vascular injury (Xu et al., 2019).

Furthermore, VWF has recently been demonstrated to play a role

in promoting inflammatory processes and blood–brain barrier

(BBB) damage in mice with cerebral hemorrhage (Zhu et al.,

2016).

Therefore, our study aims to determine whether there

is any difference in plasma VWF levels between TBI

patients and healthy individuals. At the same time, the

relationship between VWF expression and the severity,

imaging abnormalities, and prognosis of acute TBI

was studied.

Methods

Study design

We prospectively recruited TBI patients who visited

emergency department of Zhongnan Hospital of Wuhan

University between August 2020 and December 2020.

Additionally, healthy individuals from the medical examination

center during the same period were recruited as control

participants. The primary focus of this study was to explore

the effectiveness of VWF in identifying the severity and prognosis

of TBI.

Ethic information

This study was approved by Medical Ethical Committee

of Zhongnan Hospital of Wuhan University (approval number

2020121). All procedures were carried out in accordance with the

principles outlined in the Code of Ethics of The World Medical

Association for experiments involving humans (Declaration of

Helsinki) as well as the guidelines for research on health databases

(Declaration of Taipei). All data were acquired after informed

consent were obtained from the patients.

Patient inclusion

Consecutive TBI patients who were admitted to the emergency

department were recruited for this study. The inclusion criteria

were patients aged over 18 years old with acute TBI and no

obvious injuries at other sites. However, patients who were

pregnant or had a history of hematologic disorders, malignant

tumors, uremia, heart failure, severe systemic diseases, chronic

TBI, epilepsy, neurological diseases, psychiatric diseases, or

intracranial hemorrhage were excluded. Patients who did not

undergo brain CT scanning within 24 h after injury were also

excluded. Additionally, healthy individuals aged over 18 years

old from the medical examination center were recruited as

control participants.
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Definition of TBI and severity

Clinical TBI diagnostic criteria included a history of traumatic

injury, consciousness alterations, and neurological injury based on

CT scanning. The severity assessment of TBI was based solely on

the lowest GCS score obtained either at the scene of the accident or

in the emergency department. A GCS value of 3–8 was considered

severe, 9–12 as moderate, and 13–15 as mild TBI.

Rotterdam CT score

The Rotterdam CT score is a widely used radiological scoring

system for assessing the severity of TBI on CT scans (Huang

et al., 2012). In this study, we employed the Rotterdam CT

score to evaluate the extent of TBI in our patient cohort. The

status of the basal cisterns was assessed and classified into three

categories: normal (score 0), compressed (score 1), or absent (score

2). Midline shift was evaluated and categorized as either 0–5

millimeters (score 0) or above 5 millimeters (score 1). The presence

or absence of an epidural hematoma was documented as a score

of 0 or 1, respectively. Additionally, the presence of traumatic

subarachnoid hemorrhage or intraventricular hemorrhage was

recorded as a score of 1 accordingly. Finally, one point was

added to the total score. Two independent radiologists, who

were blinded to the patient’s clinical information, reviewed the

CT scans and assigned scores based on predefined criteria. To

ensure inter-rater reliability, a subset of CT scans was randomly

selected and independently assessed by both radiologists. Inter-

rater agreement was determined using the intraclass correlation

coefficient (ICC). All CT scans were performed using standardized

acquisition protocols and interpreted by experienced radiologists.

Any discrepancies in the scoring were resolved through discussion

and consensus.

Data collection outcomes

After obtaining informed consent from patients, we collected

information on participants and their blood samples. Relevant data,

such as age, sex, GCS score, Rotterdam CT score, and GOS score,

were extracted from themedical database. The blood samples of the

participants were obtained within 1 h of admission. Samples were

centrifuged and stored at−80◦C for further detection.

VWF measurements

The plasma concentration of VWF was analyzed by a

commercial ELISA kit (CEA833Hu, Cloud-Clone Corp., China) in

accordance with the manufacturer’s instructions.

Statistical analysis

Continuous data were presented as mean ± standard error

(SD), and categorical data were presented as numbers (percentage).

All data were analyzed using GraphPad Prism (Version 8.0.1;

GraphPad Software Inc.). Statistical methods, including t-tests and

Wilcoxon rank-sum tests, were selected based on the characteristics

of the data. Pearson’s rank correlation was used for correlation

analysis. The discriminatory ability of the parameters was assessed

by comparing the area under the receiver operating characteristic

curve (AUROC). Statistical significance was defined as a two-tailed

P < 0.05.

Results

Characteristics of patients and healthy
individuals

A total of 110 participants, consisting of 69 TBI patients

and 41 healthy individuals, were included in our study. The

flowchart in Figure 1 provides an overview of the patient inclusion

process. There was no significant difference in age between

the two groups. However, the TBI group had a significantly

higher proportion of male patients compared to the control

group. The main causes of TBI were vehicle accidents, falls,

and assaults. Based on the GCS score, approximately 70%,

6%, and 25% of the patients were categorized as having mild,

moderate, and severe TBI, respectively. Furthermore, 37.7%

of the patients had a normal CT report (Figure 2A), while

the majority (62.3%) exhibited positive CT findings, including

contusion (Figure 2B), extradural hematoma (Figure 2C), subdural

hematoma (Figure 2D), subarachnoid hemorrhage (Figure 2E), and

hemorrhage with midline shift (Figure 2F). In terms of outcomes,

15.9% of the patients had a GOS score of 1–2, indicating a poor

outcome, while 84.1% had a GOS score of 3–5, indicating a

moderate-to-good outcome. Additionally, the 6-month all-cause

mortality rate was 13% (Table 1). In our study, individuals aged

60 and above were classified as elderly. Within the healthy control

group and TBI group, the elderly represent 22% and 43.5% of the

total population, respectively.

Correlation between plasma VWF level and
clinical parameters

The TBI group (n = 69) had a significantly higher plasma

concentration of VWF (84.68 ± 29.72 ng/ml) compared with

the healthy individuals (n = 41) (39.97 ± 8.79 ng/ml, p <

0.0001, Figure 3A). The post-hoc power after data collection was

1. Furthermore, the level of VWF in patients with mild TBI (76.8

± 29.0 ng/ml) or negative CT findings (63.9 ± 27.3 ng/ml) was

significantly lower than that in non-mild TBI (102.8 ± 23.0 ng/ml)

or positive CT findings (97.2 ± 223.6 ng/ml, all p < 0.001,

Figures 3B, C). Among TBI patients, a VWF level of 78.26 ng/mL

had the highest discriminatory power to differentiate TBI patients

from healthy individuals (AUC, 0.89, sensitivity, 67%, specificity,

98%, Figure 3D). Moreover, VWF had an AUC of 0.76 (95% CI:

0.64, 0.88, Figure 3E) for discriminating mild TBI and 0.82 (95%

CI: 0.72, 0.92, Figure 3F) for predicting negative CT findings.

Furthermore, we analyzed the correlation between VWF, GCS, and

CT scores in TBI patients. We found a negative correlation between
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FIGURE 1

Flowchart of the selection of patients with traumatic brain injury (TBI) and healthy individuals. ED, emergency department; ICU, intensive care unit;

CT, computed tomography.

FIGURE 2

Representative CT images of a traumatic brain injury (TBI) and a normal CT scan. (A) Normal CT scan. (B) Cerebral contusion. (C) Extradural

hematoma. (D) Subdural hematoma. (E) Subarachnoid hemorrhage. (F) Hemorrhage with midline shift. The white arrows indicate lesion regions.
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TABLE 1 Demographic and clinical characteristics of the participants.

TBI
(n = 69)

Con
(n = 41)

P-value

Age, (IQR) 53.0

(37.5–73.5)

50.0 (43–58.5) 0.253

Sex, n (%)

Men 53 (76.8%) 23 (56.1%) 0.023

Women 16 (23.2%) 18 (43.9%)

Non-elderly (<60

years)

39 (56.5%) 32 (78%)

Elderly (≥60 years) 30 (43.5%) 9 (22%)

Mechanisms, n (%)

Fall 26 (37.7%)

Assault 11 (15.9%)

Vehicle accident 32 (46.4%)

GCS, (%)

Mild 13–15 48 (69.6%)

Moderate 9–12 4 (5.8%)

Severe 3–8 17 (24.6%)

CT findings, n (%)

CT positive scans 43 (62.3%)

CT negative scans 26 (37.7%)

GOS, (%)

GOS 1–2 11 (15.9%)

GOS 3–5 58 (84.1%)

6-month mortality,

n (%)

3/23 (13%)

TBI, traumatic brain injury; GCS, Glasgow Coma Scale; CT, computed tomography; GOS,

Glasgow Outcome Scal; VWF, von Willebrand factor.

GCS and CT score (r = −0.642, p < 0.0001, Figure 3G), indicating

that patients with lower GCS scores were more likely to have severe

brain structural damage detected by CT scanning. Additionally,

VWF was negatively correlated with the GCS score (r = −0.447,

p < 0.0001, Figure 3H) and significantly positively correlated with

the CT score (r = 0.464, p < 0.0001, Figure 3I). Additionally,

within the TBI group and the healthy control group, we separately

examined the potential impact of age and gender on VWF levels.

Our results showed that neither age nor gender had any significant

influence on VWF levels (Supplementary Figure 1).

VWF improves prediction of clinical
recovery

There were eight patients who died in the hospital and one

patient who died within 6 months of discharge. The predictive

ability of VWF for 6-month mortality was evaluated, and it was

found to have an area under the curve (AUC) of 0.70. However, this

did not reach the threshold for statistical significance (Table 2, p =

0.06). When combined with either CT score or GCS, VWF showed

improved predictive ability (p< 0.0001). Given that a GOS score of

≤ 4 is closely associated with morbidity, the discriminatory power

of VWF in predicting patients with a GOS of≤ 4 was also analyzed.

VWF demonstrated an AUC of 0.77 (p < 0.0001) for GOS ≤ 4.

Similarly, the combined use of VWF with either a GCS or CT score

showed improved predictive ability. These findings indicate that

VWF alone is not sufficient for predicting 6-month mortality, but it

can effectively identify patients at high risk of morbidity following

TBI. Therefore, combining VWF with either the CT score or the

GCS significantly enhances the predictive ability.

Discussion

A blood-based biomarker associated with pathophysiological

mechanisms can aid in the identification of TBI, prediction and

monitoring of recovery post-injury, and guidance for clinical

treatment (Lippa et al., 2020). TBI inevitably results in vascular

injury or blood flow disorders; hence, it is essential to explore

biomarkers associated with TBI-related vascular injury. Previous

clinical studies have shown that VWF, released from injured

endothelial cells and activated platelets during acute injury,

significantly elevates plasma VWF levels (Yokota et al., 2002; Tang

et al., 2013). However, there is a paucity of studies investigating

whether VWF can differentiate between TBI patients and healthy

individuals or serve as a biomarker for evaluating TBI severity.

In this study, plasma levels of VWF were measured in patients

with acute TBI and healthy individuals. The study aimed to analyze

the relationship between VWF and the GCS, Rotterdam CT score,

and GOS. The findings revealed that patients with acute TBI

had higher plasma VWF levels compared to healthy individuals.

Additionally, VWF levels were negatively correlated with GCS

scores and significantly positively correlated with Rotterdam CT

scores. While VWF alone was not sufficient to predict mortality,

its predictive power improved when combined with either the

Rotterdam CT score or GCS. Furthermore, our study demonstrates

that VWF levels have the capability to differentiate between

patients with unfavorable outcomes (GOS 1–4) and those with

favorable outcomes (GOS 5) subsequent to TBI. Previous research

has demonstrated that VWF serves as a sensitive indicator of

endothelial cell activation (Ward et al., 2020). In the context

of traumatic injury, an appropriate concentration of VWF can

effectively control bleeding and reduce hemorrhage (Holcomb

et al., 2015; Ng et al., 2015). Additionally, a high concentration

of VWF independently increases the risk of deep vein thrombosis

formation (Setiawan et al., 2020). The excessive release of VWF can

lead to the formation of emboli within blood vessels, resulting in

compromised blood flow and exacerbated ischemic injury (Nguyen

et al., 2008). VWF is promising as a monitoring marker of

systemic injury in brain trauma or critical diseases (Plautz et al.,

2020). Our findings provide evidence of a significant correlation

between the concentration of VWF and both the severity and

prognosis of acute TBI. These findings are consistent with the

results reported in previous clinical studies (De Oliveira et al.,

2007; Sandsmark et al., 2019). In TBI, rupture of blood vessels and

impaired endothelial cells can lead to increased release of VWF,

contributing to platelet aggregation and thrombus formation. This

can result in microcirculatory disturbances and local ischemia,
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FIGURE 3

Correlation between plasma VWF level and clinical parameters. (A) Di�erence in plasma VWF concentrations between the control group and TBI

patients (p < 0.001). (B) The level of VWF in patients with mild TBI (76.8 ± 29.0 ng/ml) was significantly lower than that in non-mild TBI (102.8 ±

23.0 ng/ml, p < 0.001). (C) The level of VWF in patients with negative CT findings (63.9 ± 27.3 ng/ml) was significantly lower than that in patients with

positive CT findings (97.2 ± 223.6 ng/ml, p < 0.001). (D) ROC curve of plasma VWF levels for discriminating TBI patients from healthy individuals. (E)

ROC curve of plasma VWF levels for discriminating mild TBI from non-mild TBI. (F) ROC curve of plasma VWF levels for discriminating negative CT

findings from positive CT findings. (G) A negative correlation between GCS and CT score (r = −0.642, p < 0.0001). (H) A negative correlation

between GCS score and VWF concentration (r = −0.45, p < 0.0001). (I) A positive correlation between VWF and CT score (r = 0.46, p < 0.0001).

further exacerbating brain injury (Lu et al., 2004; Wu et al., 2018).

Moreover, TBI-induced endothelial injury and an inflammatory

response can increase vascular permeability. VWF, through its

binding to receptors on the endothelial cell surface, facilitates

vascular leakage in TBI (Zhu et al., 2016; Aymé et al., 2017; Wu

et al., 2018). Excessive VWF may promote the extravasation of

blood components into brain tissue, leading to edema and an

inflammatory response. In addition to its roles in coagulation

and vascular biology, VWF is also involved in modulating the

inflammatory process (Chauhan et al., 2008). It can interact with

inflammatory mediators, influencing the activation and migration

of inflammatory cells. In TBI, VWF may impact the development

and recovery of injury by modulating the inflammatory response.

However, further investigation is necessary to establish VWF as a

reliable biomarker for the diagnosis and prognosis of acute TBI.

This study has several limitations. First, due to the location

of our department in the emergency department, our study

focused primarily on assessing outcomes during the ED visit or
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TABLE 2 Discrimination power of the VWF, CT score, and GCS for

mortality and GOS≤4 in TBI patients.

Mortality GOS ≤ 4

AUC P-value AUC P-value

GCS 0.13 P < 0.0001 GCS 0.14 P < 0.0001

CT

Score

0.86 P < 0.0001 CT

Score

0.83 P < 0.0001

VWF 0.70 P = 0.06 VWF 0.77 P < 0.0001

GCS+

VWF

0.87 P < 0.0001 GCS+

VWF

0.90 P < 0.0001

CT+

VWF

0.88 P < 0.0001 CT+

VWF

0.87 P < 0.0001

CT+

GCS

0.91 P < 0.0001 CT+

GCS

0.90 P < 0.0001

VWF+

CT+

GCS

0.90 P < 0.0001 VWF+

CT+

GCS

0.91 P < 0.0001

VWF, von Willebrand factor; CT, computed tomography; GCS, Glasgow Coma Scale; GOS,

Glasgow Outcome Scale; TBI, traumatic brain injury; AUC, area under the receiver operating

characteristic curve.

initial presentation. Long-term follow-up and evaluation of VWF

levels, GCS scores, and detailed prognosis were not conducted.

Second, the diagnostic and predictive value of VWF in diseases

other than TBI or in combination with other injuries remains

unknown. Third, the findings of this study are limited to a single

location and a relatively small sample size, which may restrict the

generalizability of the results. Finally, further research is necessary

to identify additional blood biomarkers and enhance the accuracy

and reliability of TBI diagnosis and prognosis.

Conclusion

Plasma VWF concentrations were found to be significantly

higher in patients with acute TBI compared to healthy individuals.

In patients with acute TBI, VWF levels showed a negative

correlation with GCS scores and a positive correlation with CT

scores and TBI severity. However, the ability of VWF alone

to predict mortality in acute TBI patients was limited, and its

predictive value was enhanced when combined with Rotterdam CT

scores or GCS scores. Therefore, VWF may serve as a potential

biomarker for the diagnosis of acute TBI.
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