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ABSTRACT

Objective: Blunt cervical vascular injury (BCVI) is a non-penetrating trauma to the carotid and/or vertebral vessels
following a direct injury to the neck or by the shearing of the cervical vessels. Despite its potentially life-
threatening nature, important clinical features of BCVI such as typical patterns of co-occurring injuries for each
trauma mechanism are not well known. To address this knowledge gap, we described the characteristics of
patients with BCVI to identify the pattern of co-occurring injuries by common trauma mechanisms.
Methods: This is a descriptive study using a Japanese nationwide trauma registry from 2004 through 2019. We
included patients aged >13 years presenting to the emergency department (ED) with BCVI, defined as a blunt
trauma to any of the following vessels: common/internal carotid artery, external carotid artery, vertebral artery,
external jugular vein, and internal jugular vein. We delineated characteristics of each BCVI classified according to
three damaged vessels (common/internal carotid artery, vertebral artery, and others). In addition, we applied
network analysis to unravel patterns of co-occurring injuries among patients with BCVI by four common trauma
mechanisms (car accident, motorcycle/bicycle accident, simple fall, and fall from a height).
Results: Among 311,692 patients who visited the ED for blunt trauma, 454 (0.1%) patients had BCVI. Patients with
common/internal carotid artery injuries presented to the ED with severe symptoms (e.g., the median Glasgow
Coma Scale was 7) and had high in-hospital mortality (45%), while patients with vertebral artery injuries pre-
sented with relatively stable vital signs. Network analysis showed that head-vertebral-cervical spine injuries
were common across four trauma mechanisms (car accident, motorcycle/bicycle accident, simple fall, and fall
from a height), with co-occurring injuries of the cervical spine and vertebral artery being the most common
injuries due to falls. In addition, common/internal carotid artery injuries were associated with thoracic and
abdominal injuries in patients with car accidents.
Conclusions: Based on analyses of a nationwide trauma registry, we found that patients with BCVI had distinct
patterns of co-occurring injuries by four trauma mechanisms. Our observations provide an important basis for
the initial assessment of blunt trauma and could support the management of BCVI.

© 2023 Elsevier Inc. All rights reserved.

1. Introduction

adjacent to many vital organ systems, even innocuous-appearing inju-
ries can lead to immediate or delayed life-threatening complications

Blunt cervical vascular injury (BCVI) is a non-penetrating trauma to
the carotid and/or vertebral vessels, caused by direct injury to the neck
or shearing of the cervical vessels. [1-3] Since cervical vessels are

Abbreviations: BCV], blunt cervical vascular injury; ED, emergency department; JTDB,
the Japan Trauma Data Ban; AIS, Abbreviated Injury Scale; ISS, injury severity score.
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that require intervention in most patients. [4-6]

Despite its clinical importance, the low incidence of BCVI (approxi-
mately 1% of blunt trauma) hinders the understanding of its clinical
characteristics, such as typical injury mechanisms and patterns of co-
occurring injuries. [7-13] For example, a previous study that developed
and validated a model for predicting BCVI identified predictive factors
including CT scan findings, but did not reveal any predictive value of
patterns of co-occurring injury by injury mechanisms. [14] Although
this is an important finding, often times, emergency physicians and
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acute care surgeons would benefit from knowledge on predictive fac-
tors of BCVI at the initial evaluation. Specifically, it would be valuable
to know when and what type of injury requires further investigation
of the cervical vessels. Understanding the frequent injury mechanisms
and patterns of co-occurring injuries to suspect BCVI at initial triage
may support appropriate decision-making to perform contrast-
enhanced CT or angiography of cervical vessels.

To address this knowledge gap, based on a Japanese nationwide
trauma registry, we aimed to describe the characteristics of patients
with BCVI by using network analysis [15,16] to identify the pattern of
co-occurring injuries by common trauma mechanisms.

2. Methods
2.1. Study design and setting

This is a descriptive study using data from the Japan Trauma Data
Bank (JTDB), [17] collected from January 2004 through May 2019. The
study protocol was approved by the ethics committee of the National
Defense Medical College Research Institute in Japan (ID No. 2548), the
institution responsible for the JTDB, and the requirement for informed
consent was waived due to the retrospective nature of the study.

2.2. Japan Trauma Data Bank

The Japan Trauma Data Bank (JTDB) is a nationwide, multicenter
registry of trauma patients in Japan established in 2003. [17] 192 emer-
gency medical centers participated in the JTDB during the study period.
Each case of trauma is recorded with an Abbreviated Injury Scale (AIS)
code (version 1998), [18] which is recorded by medical staff after the
patient has been treated or hospitalized. [19] Facilities participating in
JTDB are required to record in the registry all cases of severe trauma
with an AIS score 2 3. Data included in the JTDB are the following: pa-
tient demographics (e.g., age, sex), prehospital information (e.g., vital
signs on contact, prehospital treatments, modes of transport to the hos-
pital), vital signs upon emergency department (ED) arrival, examina-
tions (e.g., CT scan, angiography), treatments (e.g., blood transfusion,
intubation, surgical operation), trauma mechanism (e.g., car accident,
fall), diagnosed diseases (and AIS code in the case of trauma), and out-
comes. The JTDB was approved by the ethics committee of the Japanese
Association for the Surgery of Trauma, and the approval document is
available on the JTDB website. [17]

2.3. Study population

Among all the patients in the JTDB, we included patients aged
>13 years presenting to the ED with BCVI. Blunt cervical vascular injury
was defined as a blunt trauma to any of the following five vessels based
on the AIS code (version 1998): [18] common/internal carotid artery,
external carotid artery, vertebral artery, external jugular vein, and
internal jugular vein.

2.4. Data collection

For each enrolled patient, we collected patient demographics (age
and sex), triage vital signs (systolic blood pressure [SBP], heart rate
[HR], respiratory rate [RR], and Glasgow Coma Scale [GCS]), injured cer-
vical vessels and co-occurring injuries based on the AIS code, trauma
mechanisms of BCVI (e.g., car accident, fall from a height), severity
score of patients using the injury severity score (ISS), [20] information
oninitial treatment at the ED (e.g., intubation, blood transfusion ), angiog-
raphy of the cervical vessel and surgical operations of the neck performed
during their hospital stay, and dispositions (in-hospital mortality and
length of hospital stay). We categorized the trauma mechanisms as
follows: car accident (i.e., car driver or passenger), motorcycle/bicycle
accident, simple fall such as fall from stairs, fall from a height, and others.
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2.5. Statistical analysis

First, we categorized all patients with BCVI into three groups based
on the injured vessel as follows: common/internal carotid artery injury,
vertebral artery injury, and other cervical vascular (external carotid ar-
tery, external jugular vein, or internal jugular vein) injuries. Patients
with two or more injured vessel including common/internal carotid
artery (i.e., multiple BCVIs) were grouped into common/internal carotid
artery injuries, because carotid injury is more critical and the number of
patients with multiple BCVIs were small (e.g., carotid and vertebral,
n = 7). We then used summary statistics to delineate the patient
characteristics in each group.

Next, we conducted network analysis to investigate the patterns of
co-occurring injuries in patients with BCVI by trauma mechanism. Net-
work analysis is a statistical method for structurally representing groups
of objects or people and the relationships among them. [15,16] A net-
work structure consists of nodes and edges, where the nodes represent
the objects to be analyzed and the edges represent the relationships
among the objects. In this study, we applied network analysis to
patients stratified by four trauma mechanisms (car accident, motorcy-
cle/bicycle accident, simple fall, and fall from a height), with the injured
body regions as nodes and the frequencies of each injury co-occurrence
as edges, [21] The number of patients with co-occurring injuries were
counted, and percentages of the patients with co-occurrences out of
the full sample were visualized as thickness of the edges.

All analyses were conducted using Python version 3.8.8. Conti-
nuous variables were expressed as medians and interquartile ranges
(IQR). Categorical variables were summarized as counts (n) and
percentages (%).

3. Results
3.1. Patient characteristics, overall

Of the 338,744 patients in JTDB from 2004 to 2019, 311,692 patients
(98%) visited the ED for blunt trauma. Of these, we identified 454 (0.1%)
patients presenting to the ED with BCVI (Fig. 1). The demographic and
clinical characteristics of the patients are shown in Table 1 and informa-
tion on the missing values is shown in Supplemental Table 1. The
median (IQR) age was 61 (37-72) years, and 341 (75%) were male.
Patients tended to initially have mild altered mental status, though
the severity in vital signs differed across injured vessels groups. A total
of 110 (24%) patients were injured by car accidents, 100 (22%) by mo-
torcycle/bicycle accidents, 82 (18%) by simple falls, and 66 (14%) by
falls from a height (Supplemental Table 2). Of the 454 patients who pre-
sented to the ED with BCVI, 105 (23%) patients had common/internal
carotid artery injuries, 262 (58%) patients had vertebral artery injuries,
and 87 (19%) patients had other BCVIs. Of the 105 patients with
common/internal carotid artery injuries, 7 (7%) had co-occurring
vertebral artery injuries. After hospitalization, 111 (24%) patients died
in hospital.

3.2. Patient characteristics, by injured vascular cite

As shown in Table 1, among 105 patients with common/internal ca-
rotid artery injuries, the median (IQR) age was 51 (35-69), 74 (70%)
were male, and tended to have critical vital signs on triage (e.g., a me-
dian GCS level of 7). Approximately half of the injuries were due to
motor vehicle accidents (e.g., car/motorcycle accidents). After hospital-
ization, 13 (12%) of patients had cervical angiography, and 47 (45%)
died. As shown in Table 2, the frequently co-occurring injuries were as
follows: head injuries (e.g., skull fracture), 58 (55%); thoracic injuries
(e.g., rib fracture), 54 (51%); and spinal injuries, 43 (41%). Detailed in-
formation on initial treatment, angiography, and surgical operation is
shown in Supplemental Table 3. By contrast, among 262 patients with
a vertebral artery injury, the median (IQR) age was 64 (44-73), 203
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338,744 patients in Japan Trauma Data Bank
from 2004 to 2019

Total of 27,052 patients with other mechanisms
of injury with blunt trauma:

11,446 Penetrating

8,252 Burn
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6,273 Unknwon

311,692 patients with blunt trauma

&

460 patients with blunt cervical vascular injury

» 6 patients aged < 13

A

454 patients were enrolled
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105 patients with common/internal 262 patients with 87 patients with
carotid artery injury vertebral artery injury other blunt cervical vascular injury

Fig. 1. Flow chart of patient selection.

Legend: Others (n = 87) includes patients with blunt injuries in the carotid external artery, jugular external vein, or jugular internal vein. 7 patients with both common/internal carotid
artery and vertebral artery injuries were classified into the common/internal carotid artery injury group.

Table 1
Characteristics of patients with blunt cervical vascular injury.
Variables Overall (n = 454) Common/internal carotid artery (n = 105) Vertebral artery (n = 262) Others (n = 87)
Patient characteristic at ED visit
Age, median (IQR), year 61 (37-72) 51 (35-69) 64 (44-73) 59 (30-72)
Male, n (%) 341 (75%) 74 (70%) 203 (77%) 64 (74%)
Triage vital signs, median (IQR)
Systolic blood pressure, mmHg 118 (85-143) 107 (64-132) 121 (97-145) 119 (79-143)
Heart rate, /min 80 (67-101) 87 (66-111) 76 (64-93) 92 (73-110)
Respiratory rate, /min 20 (15-24) 20 (12-28) 20 (16-23) 20 (16-26)
Glasgow coma scale 13 (4-15) 7 (3-14) 14 (9-15) 14 (3-15)
Trauma mechanism, n (%)
Car accident 110 (24%) 32 (30%) 54 (21%) 24 (28%)
Motorcycle/Bicycle accident 100 (22%) 24 (23%) 52 (20%) 24 (28%)
Simple fall 82 (18%) 3 (3%) 71 (27%) 8 (9%)
Fall from a height 66 (14%) 10 (10%) 45 (17%) 11 (13%)
Others 96 (21%) 36 (35%) 40 (15%) 20 (23%)
Injury severity score, median (IQR) 22 (16-33) 26 (17-35) 20 (16-28) 20 (14-34)

In-hospital management
Initial treatment in the ED, n (%)

Intubation 157 (35%) 44 (42%) 76 (29%) 37 (43%)

Cardiopulmonary resuscitation 40 (9%) 13 (12%) 16 (6%) 11 (13%)

Chest drainage 43 (9%) 15 (14%) 13 (5%) 15 (17%)

Blood transfusion 86 (19%) 27 (26%) 32 (12%) 27 (31%)
Neck CT, n (%) 375 (83%) 85 (81%) 226 (86%) 64 (74%)
Neck angiography, n (%) 83 (18%) 13 (12%) 60 (23%) 10 (11%)
Neck surgical operation, n (%)

Vascular surgery or embolization 37 (8%) 9 (9%) 11 (4%) 17 (19%)

Cervical spine fixation 70 (15%) 2 (2%) 67 (26%) 1(1%)
Outcomes

In-hospital mortality, n (%) 111 (24%) 47 (45%) 41 (16%) 23 (26%)

Length of hospital stay, median (IQR), day 22 (6-46) 14 (1-48) 25 (13-47) 12 (2-34)

Legend: Others (n = 87) includes patients with blunt injuries in the carotid external artery, jugular external vein, or jugular internal vein.
Abbreviations: ED, emergency department; IQR, interquartile range.
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Table 2
Co-occurring injuries among patients with blunt cervical vascular injury.
Variables, n (%) Overall (n = 454) Common/internal carotid artery (n = 105) Vertebral artery (n = 262) Others (n = 87)
Injured body regions
Head 216 (48%) 58 (55%) 117 (45%) 41 (47%)
Face 101 (22%) 25 (24%) 48 (18%) 28 (32%)
Neck (other than BCVI) 42 (9%) 15 (14%) 5(2%) 22 (25%)
Thorax 184 (41%) 54 (51%) 77 (29%) 53 (61%)
Abdomen 55 (12%) 19 (18%) 19 (7%) 17 (20%)
Spine 305 (67%) 43 (41%) 241 (92%) 21 (24%)
Upper extremity 109 (24%) 23 (22%) 53 (20%) 33 (38%)
Lower extremity 134 (30%) 41 (39%) 61 (23%) 32 (37%)
Unspecified 22 (5%) 6 (6%) 12 (5%) 4 (5%)
Skull fracture 63 (13%) 26 (25%) 21 (8%) 16 (18%)
Facial bone fracture 60 (13%) 16 (15%) 25 (10%) 19 (22%)
Thoracic vascular injury 18 (4%) 8 (8%) 6 (2%) 4 (5%)
Thoracic aorta 4 (3%) 4 (4%) 2 (1%) 1(1%)
Rib fracture 110 (23%) 36 (34%) 43 (16%) 31 (36%)
Spine injury - cervical 282 (59%) 30 (29%) 240 (92%) 12 (14%)
Fracture without spinal cord injury 175 (37%) 22 (21%) 144 (55%) 9 (10%)
Spinal cord injury 150 (32%) 11 (10%) 137 (52%) 2 (2%)
Spine injury - thorax 8 (8%) 8 (8%) 24 (9%) 6 (7%)
Fracture without spinal cord injury 7 (8%) 8 (8%) 24 (9%) 5 (6%)
Spinal cord injury 1(2%) 1(1%) 8 (3%) 2 (2%)
Spine injury - lumbar, n (%) 6 (8%) 14 (13%) 16 (6%) 6 (7%)
Fracture without spinal cord injury 36 (8%) 14 (13%) 16 (6%) 6 (7%)
Spinal cord injury 4(1%) 1(1%) 3(1%) 0 (0%)
Legend: Each injury is based on the Abbreviated Injury Scale (1998 version).
Abbreviations: BCVI, blunt cervical vascular injury.
(77%) were male, and triage vital signs were relatively stable. Of these, 3.3. Patterns of co-occurring injuries in patients with BCVI through network
116 (44%) of injuries were fall-related, 60 (23%) had in-hospital cervical analysis
angiography, and 41 (16%) died in hospital. Regarding co-occurring in-
juries, cervical spine injury was prominent (240 [92%]), 144 (55%) had Fig. 2 shows the pattern of injuries by trauma mechanism among pa-
vertebral fractures without spinal cord injury, and 137 (52%) had spinal tients with BCVI through network analysis. Although co-occurring
cord injury (with or without vertebral fractures). head-vertebral-cervical injuries were common across all trauma
(A) Car accident (B) Motorcycle/Bicycle accident (C) Simple fall (D) Fall from a height

@

S

Fig. 2. Patterns of injuries in patients with blunt cervical vascular injuries by trauma mechanism.

Legend: Shown are patterns of injuries in patients with blunt cervical vascular injury, where the node represents the injury to each body region (e.g., head, face) and the edge represents
the co-occurrence of injuries. The thickness of the edges reflects the percentage of the co-occurrence. Each figure represents the patterns of injuries by (A) car accidents, (B) Motorcycle/
bicycle accidents, simple falls, and (D) falls from a height. A, B, and D show the top 10 most frequent patterns, while C shows the top 5 most frequent patterns. Body parts shown in red are
injury sites that are distinct of each trauma mechanism based on the Supplemental Table4.

Abbreviations: C/I carotid A., common/internal carotid artery; vertebral A, vertebral artery; Cervical s., cervical spine; Thoracic s., thoracic spine; Lumbar s., lumbar spine; Upper e., upper
extremities; Lower e., lower extremities.
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mechanisms, the following unique patterns were found: (A) car
accident: patients were more likely to have co-occurring thoracic
and abdominal injuries rather than extremity injuries; (B) motorcycle/
bicycle accident: patients were likely to have upper/lower extremity
injuries; (C) simple fall: patients were likely to have vertebral artery
injuries with cervical spine injuries and/or upper extremity injuries;
(D) fall from a height: patients had various injuries including extremi-
ties, whose pattern was similar to the pattern of injury by motorcycle/
bicycle accidents. The number of injured body parts for each trauma
mechanism is shown in Supplemental Table 4 and the frequencies of
combinations of injuries in Supplemental Table 5.

4. Discussion

In this retrospective study using a nationwide trauma registry, we
identified 454 patients (0.1%) with BCVI among 311,692 patients who
visited the ED with blunt trauma. We found that patients with com-
mon/internal carotid artery injuries presented to the ED with severe
symptoms, while patients with vertebral artery injuries had relatively
stable vital signs. In the network analysis, we delineated and visualized
patterns of co-occurring injuries by four trauma mechanisms. Co-
occurring head-vertebral-cervical injuries was common across all
trauma mechanisms, with co-occurring injuries of the cervical spine
and vertebral artery being the most common injuries due to falls. Each
trauma mechanism has distinct injury patterns (e.g., thoracic or abdom-
inal co-occurring in car accidents). These characterizations could
support management for patients with blunt trauma.

Previous studies have reported that BCVI is found in approximately
1% of patients with blunt traumas, [7-13] but in our study, the BCVI
rate was at about 0.1%, despite that our study was conducted using a na-
tionwide registry. Such differences in the incident rate might be likely
attributable to the differences in the study population and regional
characteristics. While the incidence of BCVI in patients with blunt
trauma was relatively small, we should not overlook the fact that BCVI
can lead to fatal complications such as secondary stroke or arterial dis-
section. [22-29] Furthermore, patients with common/internal carotid
artery injuries presented to the ED in severe states, and thus may have
higher rates of neurological sequelae and mortality. [8,22,30-32]

In addition to these findings, we also elucidated the patterns of BCVI-
related injury by common blunt trauma mechanisms. In our study, ap-
proximately 30% of common/internal carotid artery injuries were due
to car accidents, and these patients were likely to have a co-occurring
thoracoabdominal injury. The underlying mechanisms could be the
following, according to earlier studies: [33-36] 1) direct external force
from impact with the steering wheel or seat (e.g., steering wheel
injury), 2) deceleration due to an external force, and 3) being caught
between the steering wheel and the thoracic spine. While a trunk or
large vessel injury might attract the physician's attention, BCVI may
also concurrently occur due to the above injury mechanisms (i.e., neck
overstretching). By contrast, almost half of vertebral vessel injuries
were fall-related, including simple falls in our study. Falling forward
from a standing height may have caused cervical spine injuries due to
the energy applied to the head and neck in a short time. [37-40] In ad-
dition, cervical spine injuries were associated with vertebral artery inju-
ries in all trauma mechanisms, even in simple falls, suggesting that
patients with head injuries and upper extremity injuries may also
have a risk of BCVI because these injuries could lead to neck
overstretching. As simple falls are a major problem for the aging popu-
lation, these injury patterns may be beneficial for future research for
appropriate decision-making at the initial evaluation.

Although the Denver criteria, [41] one of the current major screening
indexes for BCVI, includes several items for comorbid injuries
(e.g., complex skull fracture, thoracic vascular injuries), it is not de-
signed to evaluate patients from the perspective of injury mechanisms
as presented in our study. [42] We found that considering injury mech-
anisms can provide important information for clinicians upon initial
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triage. Taken together, the patterns of injury mechanisms and comorbid
injuries elucidated in our study could serve as an important basis for fu-
ture studies aiming to improve the diagnosis rate of BCVI by assessing
the association of patterns of injuries co-occurring with BCVI.

5. Limitations

Our study has several limitations. First, since facilities participating
in JTDB mainly register high-severity injuries (AIS score > 3), [17] our
study might not fully include BCVI with less severe injuries. Second,
the JTDB does not include patients who actually had BCVI but were
not diagnosed, which is a potential source of selection bias. Third,
some facilities do not input information on imaging tests (e.g., neck
CT, angiography), which are generally considered essential for the diag-
nosis of BCVI, into JTDB, which could lead to underestimation of the ac-
tual rate of BCVIL Forth, while the JTDB can ascertain the broad
classification of the trauma mechanisms (e.g., car accident, fall from a
height), there was detailed information on the mechanisms of the injury
was not available (e.g., for a car accident, how fast and how the collision
occurred). In addition, data on fatal complications, such as secondary
strokes, and follow-up information after patients were discharged
from the hospital could not be obtained. Such information could have
given more depth to the findings of this study. Lastly, the results of
our study regarding the frequencies of injury mechanisms and patterns
for patients with BCVI may differ in countries and regions other than
Japan. For example, in Japan, blunt trauma accounts for most of the
trauma (>90% of all traumatic injuries in JTDB [19]), and the legal
speed limit is lower than in other countries (80 km/h on local roads
and 100 km/h on highways). Yet, since the structure of the human
body and the mechanisms of trauma themselves are similar, our
findings is interpretable in the context of other countries. Yet, since
the structure of the human body and the mechanisms of trauma itself
are similar, our findings could be interpreted in the context of other
countries.

6. Conclusions

Among patients with BCVI registered in a nationwide trauma data-
base, there were distinct patterns of co-occurring injuries by four
trauma mechanisms. Further research to assess the association between
trauma mechanism and patterns of injury co-occurring with BCVI is
encouraged.
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