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Abstract

Introduction Practice guidelines for adult BCVI patients have been implemented recently, but data for this devas-

tating injury pattern in children are still limited. An international multicenter analysis was performed to characterize

BCVI in the pediatric population.

Methods The TraumaRegister DGU�, a prospectively maintained database, was analyzed (01/2002–12/2015).

Pediatric patients (0–17 years) with major injuries [Injury Severity Score (ISS) C 9 points] were included. BCVI was

divided into carotid artery injury and vertebral artery injury (VAI). Data of demographics, injury, imaging, therapy,

and outcome characteristics were analyzed with SPSS (Version 25, IBM Inc., Armonk, NY).

Results The study cohort included 8128 pediatric trauma patients. We identified 48 BCVIs in 42 children, resulting

in an overall prevalence of 0.5%. Carotid injuries were diagnosed more frequently (n = 30; 0.4%) when compared to

VAIs (n = 12; 0.1%). The coincidence of head (p = 0.028), facial (p B 0.001), chest (p B 0.001), and spinal injuries

(p B 0.001) was higher in BCVI patients. The risk for thromboembolic complications (8.3% vs. 1%, p = 0.026) and

in-hospital mortality (38.1% vs. 7.7%, p B 0.001) was excessive in children with BCVI. We identified various

predictors for pediatric BCVI and quantified the cumulative impact of these risk factors.

Conclusion BCVI is more uncommon in pediatric than in adult trauma patients. Due to the considerable relevance of

this injury for both children and adults, special attention should be paid to this entity and associated complications in

the early treatment phase after severe pediatric trauma, especially in high-risk children.
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LOS Length of stay

MCA Motorcycle accident

mmHg Unit millimeters of mercury

MOF Multiple organ failure

MRA Magnetic resonance angiography

MVC Motor vehicle collision

OR Odds ratio

SCCM Society of Critical Care Medicine

SD Standard deviation

SOFA Sequential organ failure assessment score

TR-DGU TraumaRegister DGU�

VAI Vertebral artery injury

Introduction

In adult trauma patients, blunt cerebrovascular injuries

(BCVIs) have been identified as a rare but devastating

injury pattern affecting around 1–2.7% of multiply injured

patients [1, 2]. Furthermore, BCVIs were associated with a

substantial risk for major complications and poor outcome

[3, 4]. Based on advanced imaging techniques, an

increasing incidence of BCVI has been observed in adult

patients. Also, distinct pharmacotherapeutic and interven-

tional treatment algorithms have been implemented for the

adult trauma population to avoid devastating neurologic

sequelae. These algorithms also consider the specific

aspects in cases of concomitant injuries of solid organs or

the brain [5–7].

In contrast to adult patients, data on the relevance of

BCVI and optimal diagnostic and therapeutic management

in the pediatric trauma population remain sparse. However,

children might present specific age-related factors, which

can affect the characteristics of this entity in the pediatric

trauma population. Among these, anatomic particularities,

such as an increased head–body ratio, an immature neck

musculature, and higher ligamentous laxity can result in

increased forces on the cervical–thoracic junction in

hyperextension or rotational injury. These aspects might

increase the risk of BCVI. In contrast, a significantly lower

incidence of arteriosclerotic changes of the cerebrovascu-

lature may represent a potential protective factor [8].

Previous studies reported an incidence of pediatric

BCVI between 0.095 and 0.9%. However, all but one of

these studies included only a very limited number of

individuals [9]. The low incidence of BCVI reported in

these studies might be related to an underreporting due to

both the absence of current screening guidelines and the

use of inadequate imaging techniques [10–15].

Focusing on potential risk factors for BCVI, similar

predictors for the adult population were described [16].

Others found a trend toward an association with additional

injuries (e.g., basilar skull fractures, intracranial hemor-

rhage) and the presence of BCVI [17].

Due to the high number of included patients, registry

studies are a promising approach to increase knowledge

about epidemiologic and BCVI-related characteristics.

Therefore, we reviewed a large international trauma data-

bank to elucidate the following questions:

1. What is the incidence of carotid and vertebral artery

injury in pediatric trauma patients?

2. Do children feature BCVI specific risk factors?

3. Which major complications and outcomes are

observed in pediatric BCVI (e.g., thromboembolic

events, MOF, mortality)?

Patients and methods

Inclusion and exclusion criteria

All pediatric patients (aged 0–17 years) with severe inju-

ries (ISS C 9 points) after admission to a participating

trauma center in a German-speaking country (Germany,

Austria, Switzerland) between January 2002 and December

2015 were included in this study (Fig. 1). Patients trans-

ferred out to another center within 48 h after admission

were excluded due to missing outcome data and to exclude

the chance of double counting (n = 700). However, all

cases transferred in (n = 940) were included to prevent bias

in prevalence rates.

TraumaRegister DGU� and data acquisition

The TraumaRegister DGU� of the German Trauma Society

(Deutsche Gesellschaft für Unfallchirurgie, DGU) was

founded in 1993 [18]. The aim of this multicenter database

is pseudonymized and standardized documentation of

severely injured patients. Data are collected prospectively

in four consecutive time phases, from the site of the acci-

dent until discharge from hospital: (A) pre-hospital phase,

(B) emergency room and initial surgery, (C) intensive care

unit, and (D) discharge. The documentation includes

detailed information on demographics, injury patterns,

comorbidities, pre- and in-hospital management, a course

on the intensive care unit, and relevant laboratory findings

that include data on transfusions and outcomes for each

individual. The inclusion criterion is admission via emer-

gency room with subsequent ICU/ICM care, or admission

to the hospital with vital signs and early death before

admission to ICU. The infrastructure for documentation,

data management, and data analysis is provided by the

Academy for Trauma Surgery (AUC—Akademie der
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Unfallchirurgie GmbH), a company affiliated with the

German Trauma Society.

Scientific leadership is provided by the Committee on

Emergency Medicine, Intensive Care and Trauma Man-

agement (Sektion NIS) of the German Trauma Society. The

participating hospitals submit pseudonymized data into a

central database via a web-based application. Scientific

data analysis is approved according to a peer review pro-

cedure established by Sektion NIS.

The participating hospitals are primarily located in

Germany (90%), but a rising number of hospitals of other

countries contribute data as well. (At the moment, Austria,

Switzerland, Belgium, China, Finland, Luxemburg,

Slovenia, The Netherlands, and the United Arab Emirates

participate in this database.)

Currently, approximately 34,000 cases from more than

650 hospitals are entered into the database per year. Par-

ticipation in TraumaRegister DGU� is voluntary. For

hospitals associated with the TraumaNetzwerk DGU�,

Fig. 1 Description of the study

cohort recruitment with sample

sizes

World J Surg (2019) 43:2337–2347 2339

123



however, the entry of at least a basic data set is obligatory

for reasons of quality assurance. The present study is in line

with the publication guidelines of the TraumaRegister

DGU� and registered as TR-DGU Project ID 2017-007.

Definitions

Injury severity

Since 2009, coding has followed a uniform protocol, and

the data management has been previously described [18].

All injuries were coded according to the Abbreviated

Injury Scale (AIS; Version 2005/Update 2008, Association

for the Advancement of Automotive Medicine, Barrington,

IL). The severity of injuries was documented as 1 (minor),

2 (moderate), 3 (severe, not life-threatening), 4 (serious,

life-threatening), 5 (critical, survival uncertain), or 6

(maximum, currently untreatable) [19, 20].

BCVI

Identification according to AIS codes: carotid artery injury

(CAI) codes: 3202xx and 3204xx, and vertebral artery

injury (VAI) codes: 3210xx. Computed tomography

angiogram (CTA) was applied in primary BCVI screening

in the majority of cases. CTA imaging performed after

admission to the ICU or any other subsequent imaging

studies (e.g., conventional angiography, MRA, and Dop-

pler ultrasound) performed after the emergency phase for

BCVI confirmation or re-evaluation were not documented.

However, the trauma registry captures the definitive diag-

nosis (type/severity of BCVI) at the time of discharge or

death. Modifiers of the main AIS code for injury severity

allow differentiation between dissections (Biffl Grade II),

transections (Biffl Grade V), occlusions (Biffl Grade IV),

and bilateral injuries. While the AIS codes correspond to

the Biffl grading system in some ways, the comprehensive

Biffl classification (I–V) has not been implemented into the

registry during the study period.

Thromboembolic events

The registry captures thromboembolic complications in the

further hospital course. An acute post-traumatic infarction

coded as AIS 140676.3 was considered as a stroke in this

study. Stroke was diagnosed according to the current

World Health Organization (WHO) definition [21].

This type of documentation was available in the standard

documentation protocol, which is used in the majority of

trauma centers that manage BCVI patients. No imputation or

missing data treatment was performed. A mismatch analysis

excluded cases with duplicate documentation.

Multiple organ failure (MOF)

Organ failure was defined as 3 or 4 points in the SOFA

score [22]. MOF was present if two or more organ systems

failed [23]. These data were available only in patients with

standard documentation.

Mortality

Mortality was defined as in-hospital death from any cause.

Statistical analysis

Categorical data were presented as frequencies and per-

centages. Metric variables were reported as means and

standard deviation (SD). In case of a skewed distribution,

the median was also given. The Chi-square test was used

for comparison of categorical variables, and the Mann–

Whitney U test was applied for metric variables. Bivariate

logistic regression analyses were performed to elucidate

the possible impact of various risk factors on the devel-

opment of BCVI. Results are considered statistically sig-

nificant if p\ 0.05. The analysis was performed with SPSS

for Windows (Version 25, IBM Inc., NY, USA).

Results

During the study period, 8128 pediatric trauma patients

fulfilled the inclusion criteria. Of these, a total of 42 chil-

dren suffered from BCVI (0.5% overall incidence), and

8086 pediatric trauma patients were included as the control

group. The detailed selection of the study patient popula-

tion is described in Fig. 1.

Blunt cerebrovascular injuries

In the BCVI cohort, 30 children suffered from 35 carotid

artery injuries, and 12 individuals sustained 13 vertebral

artery injuries. There was no individual with combined

CAI and VAI. The CAIs involved 20 dissections, 5 rup-

tures/pseudoaneurysm, and 5 bilateral injuries. VAIs

included 5 dissections, 2 transections, 4 occlusions, and 1

bilateral injury (Fig. 2).

Demographics

Mean age and sex were comparable for both patient groups.

The age distribution of affected children is presented in

Fig. 3. The majority of patients were of male gender

(n = 5441) in both groups (Table 1). BCVI patients pre-

sented with a significantly higher mean ISS when
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compared to the control group (ISS 39 vs. 21 points;

p B 0.001).

High-energy mechanisms and road traffic accidents

were common underlying injury mechanisms (Table 1; in

particular, motor vehicle crashes (MVC) were more fre-

quently observed in the pediatric BCVI population (85.4%

vs. 70.4%, p = 0.039). CAI patients had a mean age of

13.3 years and VAI patients had a mean age of 14.5 years.

A separate breakdown of CAI- and VAI-associated

mechanisms of injury is presented in Fig. 4.

Concomitant injuries and early physiology

BCVI patients more frequently presented with head inju-

ries (73.8% vs. 56.2%; p = 0.028) and basilar skull frac-

tures (31.0% vs. 16.6%; p = 0.020). Also, facial

(p B 0.001), chest (p B 0.001), and spinal injuries (p

B 0.001) were observed more frequently. A significant

difference was found in the rate of cervical spine injuries

(31.0% vs. 2.9%; p B 0.001). Further details of the ana-

tomic injury distribution are described in Table 2.

Regarding physiologic parameters, a regular pupil reaction

was less frequently documented in BCVI patients (48.1%

vs. 82.9%, p B 0.001). Both a loss of consciousness (LOC;

GCS B 8 points; 71.3% vs. 26.4%, p B 0.001) and a

higher incidence of pre-hospital intubation (83.3% vs.

38.8%, p B 0.001) were more frequently reported in

pediatric BCVI patients. The incidence of shock at the

scene and at ER admission was increased in patients with

BCVI, resulting in a higher requirement for blood trans-

fusions (45.7% vs. 10.6%, p B 0.001). A coagulopathy was

more frequently observed in children with BCVI (74.7%)

when compared to the control group (29.6%).

Imaging, management, and complications

Independently of the presence of BCVI, the majority of

children in the control and BCVI groups underwent

immediate head/neck computerized tomography (CT)

(85.3% vs. 94.4%, p = 0.16) or whole-body CT (64.6% vs.

86.1%, p = 0.008). Two BCVI cases did not undergo CT

Fig. 2 Flow diagram of study population

Fig. 3 Age distribution of

pediatric BCVI patients
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Table 1 Patient characteristics

Non-BCVI BCVI p

Male sex: % (n) 67.1% (5414) 64.3% (27) 0.74

Age: mean (SD), years 12 (5) 14 (4) 0.08

ISS: mean (SD), points 21 (12) 39 (15) B0.001

Motor vehicle crash (MVC) 70.4% (5440) 85.4% (35) 0.039

Regular pupillary reaction, % (n)b 82.9% (4315) 48.1% (13) B0.001

Glasgow Coma Scale, B8 points, % (n) 26.4% (1764) 71.4% (25) B0.001

Shock at scene (SBP B 90 mmHg), % (n) 17.5% (1062) 41.4% (12) 0.002

Shock at ER admission, % (n)a 12.1% (779) 33.3% (11) B0.001

Coagulopathy at admissionab 29.6% (2129) 74.4% (29) B0.001

ER emergency room, SBP systolic blood pressure
aOnly primary admitted cases (b) available for cases with standard documentation
bDefinition: INR[ 1.2, Quick\ 70, Thrombocytes\ 100,000 or PTT[ 40 s

18 2

27 3

18 2

9 1

18 2

9 1

23 3

23 3
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Motorcycle crash 
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Other
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Fig. 4 Mechanisms of injury

stratified for vertebral versus

carotid artery lesions

Table 2 Patterns of injury

Non-BCVI BCVI p

Head injury (AIS C 2) 56.2% (4542) 73.8% (31) 0.028

Basilar skull fracture 16.6% (1340) 31.0% (13) 0.020

Facial injury (AIS C 2) 11.9% (965) 42.9% (18) B0.001

Cervical spine (AIS C 3) 2.9% (232) 31.0% (13) B0.001

Chest injury (AIS C 2) 42.1% (3405) 78.6% (33) B0.001

Spinal injury (AIS C 2) 19.1% (1544) 47.6% (20) B0.001

Upper extremity injury (AIS C 2) 27.1% (2191) 38.1% (16) 0.12

Abdominal injury (AIS C 2) 24.1% (1949) 28.6% (12) 0.47

Lower extremity injury (AIS C 2) 34.7% (2804) 26.2% (11) 0.33
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screening, as both died soon after emergency room

admission. Further interventions and outcome parameters

are presented in Table 3.

There was an excessive risk for thromboembolic com-

plications in children with BCVI (8.3% vs. 1%; p = 0.026),

MOF (72.0% vs. 17.4%; p B 0.001) and in-hospital mor-

tality (7.7% vs. 38.1%, p B 0.001).

The majority of children with BCVI were admitted to a

Level 1 trauma center (81%). Primary admission was

documented for 85.7%, while 14.3% were transferred

secondarily to a Level 1 trauma center.

Predictors for BCVI

In a logistic regression analysis model (Table 4), we

identified the following variables associated with an

increased risk of BCVI in pediatric patients: (1) cervical

spine injury (OR 8.2, 95% CI: 3.3–20.3 p B 0.001); (2)

facial injury (OR 4.4, 95% CI 2.2–9.2, p B 0.001); 3)

basilar skull fracture (OR 2.4, 95% CI 1.0–5.5, p = 0.039);

and 4) ISS (OR 1.05 [per point], 95% CI 1.03–1.07, p

B 0.001). Road traffic accidents, major head injury (AIS

C 3 points), and age ([ 12 years) were not significantly

associated with BCVI, but the insignificance of age (OR

1.8) may be related to the small number of young children.

We analyzed the cumulative risk for BCVI based on the

number of five proposed risk factors (cervical spine injury,

facial injury, BSF, age C 12 years, GCS B 8 points).

All 42 BCVI patients had at least on risk factor (Fig. 5).

There were two patients with one risk factor (BCVI risk

0.1%), 12 patients with two risk factors (BCVI risk 0.4%),

22 patients with three risk factors (BCVI risk 2.2%), five

patients with four risk factors (BCVI risk 2.8%), and one

patient with five risk factors (BCVI risk 25%).

Table 3 Interventions and outcome parameters

Non-BCVI BCVI p

Intubation at scene, % (n)a 38.8% (2711) 83.3% (30) \0.001

Immediate head/neck CT 85.3% (6100) 94.4% (34) 0.16

Immediate whole-body CT 64.6% (4581) 86.1% (31) 0.008

Any blood transfusion 10.6% (754) 45.7% (16) \0.001

Ventilator days, mean (SD) median b 3 (7) 0 15 (22)10 \0.001

ICU stay, mean (SD) median b 6 (9) 3 20 (22) 14 \0.001

Length of stay, mean (SD) median 17 (17)12 30 (24)25 0.19

Multiple organ failure, % (n) b 17.4% (830) 72.0% (18) \0.001

Thromboembolic event, % (n) b 1.0% (43) 8.3% (2) 0.026

Mortality within 24 h after admission 4.7% (384) 26.2% (11) \0.001

In-hospital mortality 7.7% (619) 38.1% (16) \0.001

aOnly primary admitted cases (b) available for cases with standard documentation

Table 4 Logistic regression analysis: independent predictors for

pediatric BCVI

Risk factors for BCVI Odds ratio

(OR)

95% confidence

interval (CI)

p value

Cervical spine injury

(AIS[ 3)

8.2 3.3–20.3 \0.001

Facial injury

(AIS[ 2)

4.4 2.13–9.20 \0.001

Basilar skull fracture

(BSF)

2.4 1.04–5.45 0.039

Injury Severity Score

(per point)

1.05 1.03–1.07 \0.001

Age ([12 years) 1.8 0.81–4.05 0.147

Head injury (AIS[ 3) 1.5 0.54–4.05 0.455

Road traffic accident 0.86 0.42–1.8 0.692
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Fig. 5 Cumulative impact of multiple BCVI risk factors
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Discussion

BCVIs are a potentially devastating injury pattern in both

adult and pediatric trauma patients. Based on the expand-

ing knowledge about adult BCVI, recent studies have

suggested concise screening and management strategies for

adult trauma patients [2, 24, 25]. For pediatric patients,

these protocols have not yet been established. In this multi-

institutional study, we included a total of 8128 pediatric

trauma patients and identified 42 patients with BCVI. This

data thereby represents the largest cohort of pediatric BCVI

patients outside of North America. The main findings of the

current study can be summarized as follows:

1. The overall BCVI incidence is 0.5% for children

between 0 and 17 years.

2. No association with a specific age group was found.

3. The incidence of BCVI is associated with higher injury

severity and high-energy trauma. Cervical spine

injuries, facial injuries, and basilar skull fractures are

predictive factors for the presence of BCVI.

4. CT of the head/neck or whole-body CT scan is part of

the diagnostic setup in the vast majority of the

pediatric trauma population.

BCVI incidence

In the only trial with a comparable number of included

patients presented in this study, Azarakhsk et al. [26]

reported an equal overall incidence of 0.4% in their multi-

institutional ATOMAC study, based on 23 BCVI cases

(\15 years). In contrast, Rossidis et al. [16] previously

found a far lower incidence rate of 0.095%, based on 11

patients (age: 0–18 years) who underwent angiographic

evaluation, whereas Kopelman et al. [9] observed a higher

overall incidence of 0.9%, based on 11 patients between 0

and 14 . These variations of overall incidences might be

related to different factors. First, many of the previously

conducted studies included only a very limited number of

patients. Second, the proportion of children undergoing

BCVI screening seems to be different in many trauma

centers, which might result in missed injuries under certain

conditions.

Carotid and vertebral artery injuries

In more detail, we found that CAIs (71.4%) were more

common than VAIs (28.6%). This finding is in line with

Dewan et al., who also reported a higher rate for CAI

(82%) when compared to VAIs (18%) in children between

0 and 18 years of age. It is possible that the higher

prevalence of carotid injuries is caused by a higher

vulnerability related to the anatomic exposure. In our

study, we did not observe a special predisposition for BCVI

in a specific age group. However, high-energy mechanisms

were more often observed in children sustaining BCVI

(70.4% vs. 85.4%, p = 0.039). In accordance, overall

injury severity was also significantly higher in these

patients. These associations might explain the increased

incidence of BCVI in adults compared to the pediatric

population since adults are more often involved in high-

energy trauma, such as severe road traffic accidents.

Imaging

The vast majority of patients included in this study

underwent head/neck (94.4%) or whole-body CT (86.1%),

independent of the presence of BCVI. Therefore, no

specific reticence or restricted use for CT scans was

observed in the current pediatric study population. In fact,

we observed very comparable rates for CT of the head/neck

region (92.5%) or whole-body CT (87.1%) in a recently

published adult BCVI patient series [1]. Only two children

were identified who did not undergo CT-based screening,

as both died early in the emergency room phase. We

consider the high proportion of imaged patients as strength

of the study since the under-recognition of BCVI is a well-

anticipated phenomenon. However, we are unable to

comment on diagnostic modalities other than CT, since

conventional angiography, MRA, Doppler, and delayed

CTAs are not captured within the trauma registry.

While the CTA is currently the procedure of choice for

severely injured patients and pediatric BCVI screening in

many centers, no evidence-based standard has been

implemented yet. However, in order to reduce missed

BCVI and to limit the radiation exposure particularly in our

very young patients at the same time, our data may help

clinicians in weighting up radiation exposure and the

expected risk for BCVI based on the number of risk factors.

BCVI risk factors

Rossidis et al. [16] already suggested that each pediatric

BCVI patients sustained at least one risk factor. In our

series, the risk increased from 0% (no risk factor) up to

25% in five risk factors (Fig. 5). The presence of cervical,

basilar skull, and facial fractures represent predictive fac-

tors for BCVI, whereas severe TBI per se is not an inde-

pendent risk factor. Age was not a significant risk factor,

but this might be related to the small number of very young

children (OR 1.8). We found the most evident differences

in cervical spine injuries (31% vs. 2.9%, p B 0.001).

Kopelman et al. [9] reported that 17% of pediatric BCVI

patients suffered from a basilar skull fracture (BSF); at

31%, we observed an even higher incidence. The number
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of children with a loss of consciousness (LOC; 71.4%) in

our study was comparable to a study by Ravindra et al.,

who described a similar risk for LOC (72.2%) [27].

While some studies provide lower or no mean ISS val-

ues, ranging from 22.4 [26] to 26.7 points [16], the mean

ISS in our series is one of the highest ever published in the

context of pediatric BCVI. Despite this high ISS, the

incidence of BCVI was significantly lower compared to

studies that investigated adult trauma patients [1, 2]. This

might suggest that children are potentially less susceptible

to cerebrovascular injuries when compared to adults and

that the proposed theoretical risk factors (e.g., head–body

ratio, weak neck musculature) do not actually result in

increased BCVI rates in children. The high injury severity

in our study might be related to the nature of the trauma

registry, which was specifically designed to capture major

trauma victims. In this context, we also feel the observed

differences in injury severity and the rate of head injuries

have contributed to higher mortality (38.1%) in our data

when compared to studies that reported a lower range,

between 13.9 and 27% [9, 16].

Level of care

Dewan et al. [28] analyzed whether various trauma centers

(four academic pediatric trauma centers) correlated with

the rate of mortality, and found no impact. In the current

study, we observed that the majority of pediatric BCVI

patients were managed in Level 1 centers, but 19% were

admitted to Level 2 trauma centers. In pediatric trauma

patients without BCVI, more patients were managed out-

side Level 1 centers (24.7%, n = 1999). This can be

explained by the higher overall injury severity of patients

with BCVI, which might be associated with an increased

frequency of admission to a Level I trauma center. How-

ever, in Germany, no coverage by dedicated pediatric

trauma centers has been established, so the comparison of

these findings may be limited.

Limitations and strengths

We acknowledge further specific limitations associated with

our study. First, the TraumaRegister DGU� cannot give

detailed insights into the onset and course of neurologic

symptoms, other than pupil reaction and GCS values. Fur-

thermore, confounders of the neurologic outcome, including

severe head and spinal cord injuries, could not be excluded

due to a severely injured patient cohort. Another limiting

factor was the use of AIS values to differentiate the severity

of BCVI, instead of the Biffl system. Currently, the Biffl

grading system is widely appreciated [4, 29–33], but par-

ticipating trauma centers in Germany, Switzerland, and

Austria are more familiar with the uniform AIS classification

since it is the single most popular system used throughout the

study period within the trauma registry. Furthermore, par-

ticipating trauma centers use different CT scanners and have

established various CT protocols. Therefore, we are unable

to comment on center-specific diagnostic accuracy.

However, we feel that the high number of evaluated

pediatric patients, consistent injury scoring, and the high

rate of CT-based screening due to multiple injuries in

children as a strength of the study allow us to draw the

following conclusion.

Conclusion

Pediatric BCVI is less frequent when compared to adult

trauma patients, despite an aggressive utilization of CT

imaging techniques. In this context, CAI is observed more

often compared to VAI. The risk factors for BCVI in

children seem to mimic those reported for adult trauma

patients and include cervical spine and facial injuries,

basilar skull fractures, and general injury severity. Pediatric

BCVI is associated with a significant burden of compli-

cations and excessive mortality; therefore, further studies

are required to improve clinical pathways.
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