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ABSTRACTABSTRACT

INTRODUCTION.INTRODUCTION. Blunt cerebrovascular injuries (BCVI) associated with cervical spine injuries (CSI) carry a high risk of morbidity
and mortality. This nationwide Danish study, covering the years 2017-2023, aimed to identify key BCVI predictors in patients
with CSI to support improved early detection and management strategies.

METHODS.METHODS.  The study analysed data from four level-1 trauma centres using the Abbreviated Injury Scale to classify BCVI cases.
Factors assessed included age, sex, type of cervical injury and the Injury Severity Score (ISS).

RESULTS.RESULTS. Age and sex were not significant predictors of BCVI (p = 0.12, p = 0.65). However, any form of CSI was a strong
predictor (p < 0.001; odds ratios (OR) = 26.3; confidence intervals (95% CI): 16.84-41.12), as were cervical spine ligamentous
injuries (p = 0.0007; OR = 5.4; 95% CI: 2.3-12.89). An increase in ISS score significantly correlated with BCVI risk (p = 0.001; OR
= 1.03 per unit increase; 95% CI: 1.01-1.05). Specific cervical fractures were not independent predictors of BCVI.

CONCLUSIONS.CONCLUSIONS.  From a Danish cohort of patients admitted to a level 1 trauma centre, we found a BCVI incidence of three per
thousand. In case of verified injury to the cervical region, the incidence rose to 6.25%. Our findings underscore the need for
increased vigilance and a standardised nationwide algorithm to prevent disability, loss of health-related quality of life, and
mortality in CSI patients at risk of BCVI.

FUNDING.FUNDING.  The study was funded by Offerfonden, Dagmar Marshall Fonden, and Torben & Alice Frimodt Fonden.

TRIAL REGISTRATION.TRIAL REGISTRATION. The data collection was approved by the local ethical committee and the Central Denmark Region Office
for Research: 1-45-70-19-23.

Trauma to the neck and head is commonly presented to the emergency department [1]. A rare, but potentially
severe complication is blunt cerebrovascular injuries (BCVI), involving damage to the vertebral or carotid
arteries supplying the cerebral circulation, typically resulting from blunt trauma to the neck, head or chest.
Undetected BCVI carries mortality and morbidity rates as high as 40% and 80%, respectively [2]. There is a strong
correlation between cervical spine trauma and BCVI, with reported incidences ranging from 30.4% to 78%,
depending on the injury mechanism [3-5]. The proximity of the cerebrovascular system to the cervical spine
increases the likelihood of injury to the vertebral and carotid arteries in case of fracture. From the C6 to the C1,
the vertebral artery runs within the osseous entity foramen transversarium, making it particularly vulnerable in
case of fracture or forced trauma.

Forced trauma to the neck, with or without cervical spine fractures, can result in arterial trauma and tearing of
the intima layer of the vessel, promoting platelet aggregation, thereby potentially causing thrombus formation
and eventually leading to vessel occlusion or embolism. Most BCVIs remain clinically silent [4, 6] and were
previously perceived as being infrequent due to the need for invasive and advanced screening techniques, such
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as digital subtraction angiography (DSA), which were rarely performed [7]. Less invasive techniques, such as
computed tomographic angiography (CTA) and magnetic resonance angiography (MRA), have since been
developed and have become a popular BCVI screening tool. Following the adoption of CTA, Eastman et al. [8]
demonstrated a substantial reduction in the time from trauma centre admission to diagnosis, with an almost 30-
hour decrease along with a decline in the stroke rate among BCVI patients from 15.2% to 3.8%. These findings
underscore the compelling rationale for maintaining CTA as the primary screening modality.

Early detection and appropriate management of high-risk patients with BCVIs is crucial to prevent devastating
neurological deficits such as posterior circulation stroke, cortical blindness and death, which are potentially
catastrophic consequences following BCVI in cervical spine-injured patients [5, 6]. Therefore, we need to
identify the risk factors that correlate with BCVI when the patient arrives at the emergency department.

However, no routine screening protocol for the target population is currently in place in Denmark. Thus, the
purpose of this study was to quantify the risk of BCVI in patients with cervical spine injuries (CSI) admitted to
level-1 trauma centres in Denmark.

MethodsMethods

Data from all trauma patients admitted to the four level-1 trauma centres in Denmark (Aarhus University
Hospital (AUH), Rigshospitalet (RH), Aalborg University Hospital (AAUH) and Odense University Hospital
(OUH)) from 2017 to 2022 were retrieved by the Danish Clinical Quality Program (RKKP). Thus, a retrospective
population-based national cohort could be established.

Data sourcesData sources

Data were extracted from the cohort by diagnosis using the Abbreviated Injury Score (AIS) [9] to identify patients
with blunt trauma to the upper cervical region.

The study obtained institutional review board approval and received authorisation from the RKKP.

Inclusion and exclusion criteriaInclusion and exclusion criteria

All patients with non-penetrating injuries to the neck were included, and patients with penetrating injuries (e.g.
stab wounds, gunshots, etc.) were excluded.

The complete list of included AIS codes for cervical spine injuries is shown in SupplementarySupplementary  Table 1Table 1..

Outcome measuresOutcome measures

The primary outcome was BCVI, defined through AIS codes for injury to the blood vessels of the neck and head.
All patients with verified vascular injury of the carotids or arteria (a.) vertebralis were registered as outcome
cases. The complete list of included AIS codes for BCVI outcome is shown in SupplementarySupplementary  Table 2Table 2.

Other variablesOther variables

Other variables registered were age, sex, injury severity score (ISS) [10], Glasgow Coma Scale (GCS) [11] and place
of arrival (AUH, AAUH, OUH or RH).

Statistical analysesStatistical analyses

The cases identified were tested using inferential statistics to evaluate the independent association between
potential risk factors and the development of BCVI. In the analysis of BCVI versus non-BCVI, Welchʼs t-test was

used to assess continuous variables, and the χ2 test and Fisherʼs exact test were used to evaluate categorical
variables. For univariate analyses exploring any association between individual risk factors and BCVI when
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having a fracture, the Fisherʼs exact test and the χ2 test were used. Logistic regression was performed to
calculate crude odds ratios (OR) with 95% confidence intervals (95% CI) to evaluate the magnitude and precision
of associations.

A multivariable logistic regression model was created to evaluate the adjusted associations of each potential
exploratory variable for predicting BCVI likelihood. Variables with a univariate significance level of 0.25 or less
and variables deemed clinically relevant were eligible for inclusion in the analysis. A p-value < 0.05 was
considered statistically significant.

Statistical analysis was performed using Stata (StataCorp. 2023. Stata Statistical Software: Release 17. College
Station, TX, USA: StataCorp LLC.) The statistics were conducted with the Department of Clinical Epidemiology,
Institute of Clinical Medicine, Health, Aarhus University, Denmark (DCE) [12].

Trial registration: The Local Ethical Committee and the Office for Research in the Central Denmark Region approved the data
collection: 1-45-70-19-23.

ResultsResults

A total of 15,328 patients were admitted to the four Level 1 trauma centres in Denmark during the six-year study
period. A total of 688 patients with CSI from DTR were identified and included for analysis. In the total cohort, 80
patients (0.52%) were diagnosed with BCVI among whom 37 had BCVI in the carotid artery (CA) and 43 in the
vertebral artery (VA), whereas 43 patients (6.25%) had both confirmed CSI and BCVI (see Figure 1 Figure 1 and
Supplementary MaterialSupplementary Material). Demographic data and baseline characteristics are listed in Supplementary Table 1Supplementary Table 1.
The incidence of BCVI in the total cohort was thus three per thousand, rising to 6.25 in the case of verified CSI.
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The mean age was 54.8 years in the BCVI group and 53.6 years in patients with CSI but without BCVI. This
difference was not statistically significant (t-test: p = 0.7).

A total of 29 (67%) of the BCVI patients were male, and 14 were female. There was no statistically significant
difference between sexes in the BCVI versus non-BCVI group (p = 0.4).

A significant difference between the BCVI versus non-BCVI group was seen in patients with a higher injury
severity score (ISS). The median ISS in the BCVI group was 23 in contrast to 20.7 in the non-BCVI group (Mann-
Whitney U: p ≤ 0.003).

The median GCS was slightly higher in the BCVI group (12.2) than in the non-BCVI group (12.1), but this
difference was not statistically significant (Mann-Whitney U: p = 0.09).

Baseline characteristics of the study population are shown in Supplementary Table 1Supplementary Table 1.

Predictors of blunt cerebrovascular injuriesPredictors of blunt cerebrovascular injuries in patients with cervical spine injuryin patients with cervical spine injury

The results of the uni- and multivariate logistic regression model for BCVI are shown in Supplementary Table 2Supplementary Table 2
and Supplementary Table 3Supplementary Table 3.

Age (p = 0.12) and sex (p = 0.65; OR = 0.86; 95% CI: 0.44-1.66) were not predictive of BCVI. The presence of any
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CSI was predictive of BCVI (p = < 0.001; OR = 26.3; 95% CI: 16.84-41.12) alongside c-spine ligamentous injuries (p
= 0.0007; OR = 5.4; 95% CI: 2.3-12.89), which occurred in 34 cases.

Each one-unit increase in ISS was statistically significant for BCVI (p = 0.001; OR = 1.03; 95% CI: 1.01-1.05).

The presence of fractures involving atlanto-axial (odontoid) (p = 0.83) facet subluxations/dislocations (p = 0.2)
and the transverse foramen were not independent predictors of BCVI.

Controlling for confounding variables by a multivariate regression model (Supplementary Table 3Supplementary Table 3), any CSI, ISS
and C-spine ligamentous injuries independently predicted BCVI. C-spine facet fractures, age and GCS met the
criteria for inclusion into the multivariate model (p < 0.25) but were not independent risk factors for BCVI (p <
0.05).

DiscussionDiscussion

Our study revealed multiple significant findings with noteworthy clinical implications. Two key findings arose.
Firstly, any CSI was strongly predictive of BCVI, underscoring the need for attentive screening in the case of CSI.
Secondly, cervical spine ligamentous injuries were independently significant in association with BCVI,
highlighting the importance of their potential as an indicator for early detection and management.

Motor vehicle accidents (MVA) are the leading cause of BCVI, accounting for 70% of cases in China, according to
Hwang et al. [13] and other studies [1, 2]. The primary cause of BCVI may vary with geographical location, and
MVAs may not apply universally across all countries and regions. Most studies [1, 2] highlighted MVAs as the
leading cause of BCVI, but other notable risk factors include sports injuries, pedestrian accidents, assault, near-
hanging, strangulation, falls and crush injuries [13]. Thus, the leading cause of BCVI may vary across different
populations and countries.

In our study, we recorded a BCVI incidence of 6.25% within cervical spine injuries, notably below the wider
reported 30.4% to 78% range [3-5]. This disparity may be rooted in various factors, such as the infrequency of the
injury, potentially resulting in underreporting and subsequent under-detection. Additionally, diverse
mechanisms of injury across cases may potentially contribute to this observed difference. Understanding these
nuances is crucial for accurate diagnosis and management strategies in clinical settings.

The diagnosis of stroke after BCVI can be difficult due to symptom latency. Thus, most strokes occur after an
asymptomatic period of hours to days and even months [14]. The present guidelines on BCVI screening may not
catch patients presenting with atypical radiographic or injury findings [14, 15]. Identifying the condition at an
early stage provides a narrow treatment window, potentially averting the onset of thromboembolic
complications and adverse effects [14, 15]. This study showed some of the risk factors that need to be taken into
consideration when assessing a trauma patient. Miller et al. [6] performed a prospective analysis comparing CTA
and MRA versus DSA, reporting CTA sensitivity and specificity of 53% and 99%, respectively, for the finding of
vertebral artery injuries (VAI), and 47% and 99% for the finding of carotid artery injuries (CAI), making CTA
unfavourable compared to DSA. Similar results were seen for MRA compared to DSA. Nevertheless, CTA
continues to be the predominant screening method, primarily because of its widespread availability, speed and
effectiveness [8].

Our study suggested a potential link between lower GCS [11] and increased odds of BCVI in the presence of
fractures (univariate analysis, p = 0.164). Even though this result did not reach a statistical significance, it may
very well have clinical significance, indicating the importance of screening patients with a low GCS and cervical
fractures for BCVI. However, it must be remembered that in our material, 525 patients with a CSI had a GCS ≥
14. Among the CSI patients with a confirmed BCVI, 29 of 42 (69%) had a GCS ≥ 14 (Supplementary Table 4Supplementary Table 4).
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Previously, a GCS ≤ 6 was considered a risk factor for BCVI [16], but our results showed that - in the Danish
cohort - more than two-thirds of BCVI cases had only a mild head injury. Although it is critical to be suspicious of
BCVI in patients with a GCS ≤ 8, we emphasise the need for awareness of BCVI, also in individuals with a higher
GCS. Given the lingering risk of BCVI and its potential societal costs and individual morbidity, thorough
screening remains imperative to avoid missed diagnoses.

The data were retrieved from Danish nationwide registries and clinical databases and are characterised by high
completeness and validity [17]. Reporting trauma data to the DTR is mandatory, which ensures a high level of
data completeness. Even so, underreporting or selective reporting may potentially occur, impacting the overall
data quality. Certain cases or details may be missed or inaccurately recorded, affecting the comprehensiveness
of the data. Furthermore, the data may have inherent inaccuracies or inconsistencies due to variations in data
collection methods or interpretations of injury severity, which may potentially introduce bias or errors in the
analysis. The Head Committee of the DTR has introduced standardised severity registration using AIS/ISS in the
past year. This is an internationally recognised severity assessment method for individual injuries and the
cumulative impact of multiple injuries on each patient. All staff responsible for injury registration have attended
authorised training. Thereby, the Committee has reduced the risk of variation in data reporting [18]. AIS/ISS
registration was not consistently implemented across all four hospitals during the entire study period, which
may be a limitation. However, since 2020/2021, AIS coding has become standard practice and mandatory at all
four trauma centres, ensuring its inclusion in the database. Although we accounted for multiple factors in our
analysis, there may still be unknown confounding variables impacting the observed links between cervical spine
injuries and BCVI. Data were only retrieved from registries and not by review of the individual patientʼs medicine
records, which might have added further details and important information to the study, including fracture type
according to the AO classification [19], use of medication, known arteriosclerosis, etc. We acknowledge that
some diagnosed vascular injuries might be asymptomatic and without clinical significance. However, these data
are unfortunately not included in the national trauma database, which limits our ability to address this aspect.

EthicsEthics

Approval was obtained from RKKP (DTR-2023-03-01), and patient consent was not required for inclusion in this
study.

All studies were approved by the Regional Ethics Committee (1-16-02-44-23) and conducted in accordance with
Section 10, subsections 1 and 1 of the Danish Data Protection Act. Additionally, the study agreed with the
Helsinki Declaration II and followed the Vancouver rules.

ConclusionsConclusions

From a Danish cohort of patients admitted to a level 1 trauma centre, we found a BCVI incidence of three per
thousand. In the case of verified injury to the cervical region, the incidence increased to 6.25%. Two-thirds of the
patients with CSI and, subsequently, BCVI showed only mild symptoms in the initial phase, which underlines the
need for awareness and for a nationwide algorithm to prevent further disability, loss of health-related quality of
life and death in this patient cohort.
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