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Abstract
Blunt cerebrovascular injury (BCVI) is defined as blunt trauma to the head and neck leading to damage to
the vertebral and/or carotid arteries; debate exists regarding which children are considered at high risk for
BCVI and in need of angiographic/vessel imaging. We previously proposed a screening tool, the McGovern
score, to identify pediatric trauma patients at high risk for BCVI, and we aim to validate the McGovern score
by pooling data from multiple pediatric trauma centers. This is a multi-center, hospital-based, cohort study
from all prospectively registered pediatric (<16 years of age) trauma patients who presented to the emer-
gency department (ED) between 2003 and 2017 at six Level 1 pediatric trauma centers. The registry was
retrospectively queried for patients who received a computed tomography angiogram (CTA) as a screening
method for BCVI. Age, length of follow-up, mechanism of injury (MOI), arrival Glasgow Coma Scale (GCS)
score, and focal neurological deficit were recorded. Radiological variables queried were the presence of
a carotid canal fracture, petrous temporal bone fracture, and CT presence of infarction. Patients with
BCVI were queried for mode of treatment, type of intracranial injury, artery damaged, and BCVI injury
grade. The McGovern score was calculated for all patients who underwent CTA across all data groups.
A total of 1012 patients underwent CTA; 72 of these patients were found to have BCVI, 51 of which were
in the validation cohort. Across all data groups, the McGovern score has a >80% sensitivity (SN) and
>98% negative predictive value (NPV). The McGovern score for pediatric BCVI is an effective, generalizable
screening tool.
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Introduction
Blunt cerebrovascular injury (BCVI) is defined as blunt

trauma to the head and neck leading to damage to the ver-

tebral and/or carotid arteries. The incidence, risk factors,

and management of BCVI have been well described in

the adult population, but further investigation in children

is needed. The radiation dose for a typical computed to-

mography angiogram (CTA) of the head and neck is sub-

stantial and therefore appropriate screening tools are

especially important in the pediatric population. For

this reason, there has been a flurry of research in recent

years regarding BCVI in children, with an emphasis on

developing a screening tool geared toward identifying

which pediatric trauma patients are at high risk for devel-

oping BCVI and in need of vessel imaging.1–6

There is debate regarding the appropriate evaluation

and treatment of BCVI in the pediatric population, and

because the risk factors for pediatric BCVI have not

been clearly described, which pediatric patients are con-

sidered to be at high risk and in need of angiographic/

vessel imaging (CTA, etc.) is largely based on clinical

and institutional treatment patterns. Some have suggested

that the risk factors for the pediatric population may be

similar to those seen in adults7; however, when validated

adult BCVI screening scores such as the Denver8 and

modified Memphis criteria9 have been applied to pediat-

ric patients, less than 30% of symptomatic children with

BCVI were appropriately screened.10–11 Further, great

caution must be observed when advocating for the imple-

mentation of adult screening criteria in the pediatric

trauma population, as these criteria endorse a very liberal

angiographic screening protocol that could expose pedi-

atric patients to unnecessary radiation resulting in even-

tual cancer development.12

Recently, Ravindra and colleagues sought to retrospec-

tively design a score specifically tailored toward iden-

tifying high-risk BCVI patients in a large pediatric

trauma cohort.5 This was the first study, to our knowl-

edge, that designed a score based entirely on a pediatric

cohort. The score, titled the Utah score, was based on

the presence or absence of radiographic variables seen on

CT and other assessments obtained upon admission to

the emergency department (ED): Glasgow Coma Scale

(GCS) score, focal neurologic deficit, carotid canal frac-

ture, petrous temporal bone fracture, and cerebral infarc-

tion (Table 1). These variables were chosen based on

previously published adult screening criteria, as factors

the investigators believed to identify high risk for

BCVI in the pediatric trauma population as well. How-

ever, upon validating this score, they found that they

had missed 40.9% (9/22) of patients who were later

found to have BCVI and were incorrectly classified as

at low risk per their criteria.5 This study marked a pivotal

transition from trying to mold adult screening criteria to

a pediatric population to building a score designed to

identify children at high risk with a focus on eliminat-

ing unnecessary radiation exposure.

Our institution evaluated the previously proposed

BCVI screening criteria (Utah, Denver, modified Mem-

phis, and EAST) using a pediatric (<16 years of age)

trauma database (n = 12,614) of patients seen in the ED,

at an American College of Surgeons verified Level 1

pediatric trauma center, between 2005 and 2015.13

When the Utah score was applied to our pediatric trauma

cohort, the Utah score missed 10 out of 21 (47.6%) pati-

ents with BCVI (Table 2). To improve the sensitivity

(SN) of these scores, we built upon the Utah score by in-

corporating mechanism of injury (MOI) into the screen-

ing criteria, thus creating the McGovern score (Table 1).

The McGovern score is unique in that patients invol-

ved in a high-speed collision were classified as higher

risk. MOI was considered because multiple institutions,

Table 1. Utah and McGovern Score Criteria

Variable No. of points

Utah score
GCS score £8 1
Focal neurological deficit 2
Carotid canal fracture 2
Petrous temporal bone fracture 3
Cerebral infarction on CT 3

McGovern score
GCS score £8 1
Focal neurological deficit 2
Carotid canal fracture 2
MOI 2
Petrous temporal bone fracture 3
Cerebral infarction on CT 3

A score ‡3 points on both scales signifies high risk for BCVI and
indicates that the patient should undergo angiography.

CT, computed tomography; GCS, Glasgow Coma Scale; MOI, mecha-
nism of injury.

Table 2. Comparison of the Utah Score and McGovern Score

Utah score

BCVI No BCVI

Utah test + 11 42 PPV: 22.4%
Utah test – 10 441 NPV: 97.6%

Sensitivity: 52.4% Specificity: 91.3%

McGovern score

BCVI No BCVI

McGovern test + 17 105 PPV: 9.4%
McGovern test – 4 262 NPV: 98.6%

Sensitivity: 81.0% Specificity: 71.4%

Compares the Utah and McGovern scores when applied to the Children’s
Memorial Hermann Hospital (CMHH) cohort. Utah + test refers to patients
who would have been considered at high risk for BCVI by the Utah score
and CTA would have been recommended. McGovern score + refers to
patients who would be considered at high risk for BCVI by the McGovern
score.

BCVI, blunt cerebrovascular injury; CTA, computed tomography angi-
ography; PPV, positive predictive value; NPV, negative predictive value.
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including our own, consistently demonstrated that the

majority of the patients diagnosed with pediatric BCVI

were involved in a motor vehicle collision or automobile-

pedestrian incident.14 In our pediatric trauma cohort, the

introduction of MOI into the criteria greatly improved

the screening score’s SN. With the incorporation of

MOI, the McGovern score identified 17 out of 21 of

our pediatric BCVI patients (81%; as compared with

the Utah score’s 52.4%) while continuing to have a

good specificity (SP; 71.4%). Importantly, it also identi-

fied all pediatric patients in our cohort who would later

have a focal neurological deficit or cerebral vascular

accident that was not present on admission. Further, the

only patients missed by our score suffered from low-

grade vascular injuries and were managed with obser-

vation or antiplatelet therapy alone.13

There is a lack of standardization in the treatment of

pediatric BCVI, with treatment protocols largely based

on clinical gestalt and varying widely by trauma cen-

ter.15–21 In our previous study for example, all but one

BCVI patient was managed with observation or anti-

platelet therapy. Treatment of that one patient with

anticoagulation was due to concurrent deep venous

thrombosis and not due to vascular injury. With conser-

vative management, none of our patients had deficits

attributable to their vascular injury on follow-up. Due

to the lack of consistency and variation between the pedi-

atric and adult population, it is imperative that a stan-

dardized method for screening and treating pediatric

BCVI be developed.

In this study we aimed to validate the McGovern

score by pooling data from multiple pediatric trauma

centers to standardize screening criteria for the evaluation

of BCVI in the pediatric trauma population. Currently,

there is no consistent methodology for evaluating pediat-

ric BCVI and consequently, no reliable determination of

pediatric BCVI incidence or treatment. Additionally,

given the rarity of pediatric BCVI, pooling institutional

data will provide for a more accurate evaluation of pedi-

atric BCVI risk factors, and with a bigger sample size,

allow for a more accurate evaluation of treatment options

(observation, antiplatelet therapy, anticoagulation, endo-

vascular stenting, or open surgery) for pediatric BCVI as

stratified by severity of injury. We hypothesized that the

McGovern score would accurately predict BCVI in a

multi-center patient population.

Methods
This was a multi-center retrospective cohort study

designed with the goals of evaluating the performance

of the McGovern score, and describing and comparing

BCVI incidence and management at multiple Level 1

pediatric trauma centers across the country. For each

institution, approval was obtained from the institutional

review board. All institutions signed a dual-data trans-

fer agreement and all information shared between the

institutions was de-identified. The RedCAP data collec-

tion tool was utilized to collect and share data between

institutions.

Patient population
This multi-center, retrospective, hospital-based, cohort

study involved data collected from six Level 1 pediatric

trauma centers. A trauma registry was compiled at each

institution containing all pediatric trauma patients who

presented to the ED between 2003 and 2017. The trauma

registries used as inclusion criteria the National Trauma

Data Standard (NTDS) Data Dictionary, which includes

presence of International Classification of Diseases, 9th

Revision (ICD9)/ICD10 codable injury presenting within

14 days of the injury (and excludes patients whose inju-

ries were only isolated superficial, such as abrasions

and soft-tissue contusions). In addition, patients had

to meet one of the following criteria: admitted patients

(observation or inpatient), dead on arrival/died in the

ED, transferred out of the ED for higher level of care,

or transferred in from an acute care ED/hospital regard-

less of whether they were discharged from the ED or

admitted to the hospital.

This trauma registry was then queried for patients

who received a CTA as a screening method for BCVI.

Any patients with penetrating injuries (i.e., gunshot or

stab wounds) to the head or neck were excluded from

this study.

Data collection
Among the patients who underwent CTA (n = 1012), pati-

ent age, arrival date, length of follow-up, and MOI were

recorded. The MOI was categorized as either blunt high

energy (motor vehicle accident, automobile-pedestrian

accident, bicycle accident, or fall >1 story), or low energy

(fall <1 story, struck with object, etc.). The clinical infor-

mation recorded for each patient who underwent CTA

included GCS score on arrival and the presence or

absence of a focal neurological deficit. The obtained ra-

diological variables included the presence or absence of

a carotid canal fracture, petrous temporal bone fracture,

and cerebral infarction as determined on CT scanning.

Patients who underwent CTA were then individually

evaluated. Records of those found to have BCVI (n = 72)

were queried for mode of treatment, type of intracranial

injury, artery damaged, and BCVI injury grade, in addi-

tion to the aforementioned clinical and radiological vari-

ables. Additionally, Le Fort fractures, cervical spine

fractures, cervical spine subluxation, and neck soft-tissue

injuries (e.g., seatbelt sign, hanging, hematoma) were

noted in the BCVI cohort.

The mode of treatment was characterized as obser-

vation, antiplatelet therapy, anticoagulation therapy,

endovascular stenting, or open surgery. The type of
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intracranial injury was characterized as epidural, sub-

dural, subarachnoid, or contusion. The artery damaged

was characterized as intracranial carotid, extracranial ca-

rotid, intracranial vertebral, or extracranial vertebral.

Lastly, the BCVI injury grade was classified according

to the Biffl grading scale1–2 as follows: a grade 1 injury

involved intimal irregularity with <25% narrowing;

grade 2 injury involved dissection of a vessel or the pres-

ence of an intramural hematoma with >25% narrowing;

grade 3 injury involved the presence of pseudoaneurysm;

grade 4 injury was characterized by complete occlu-

sion; and a grade 5 injury involved the transection of

the vessel with extravasation.

Statistical analysis
The data collected were summarized using the means and

standard deviations for continuous variables and counts

and frequencies for categorical variables. The recorded

categorical variables were compared using Fisher’s exact

test or chi-square test.

To assess the McGovern score’s ability to predict

BCVI incidence in this study’s multi-center cohort, the

McGovern score was calculated for all patients who

underwent CTA (n = 1012). The variables involved in

the McGovern score included the Utah score variables

with the addition of MOI: GCS score £8, focal neurolog-

ical deficit, carotid canal fracture as seen on CT, petrous

temporal bone fracture as seen on CT, and cerebral

infarction as seen on CT as well as a high-speed MOI.

Each of the variables was weighted as 1, 2, 2, 3, 3,

and 2 points, respectively (Table 1). A cumulative

score of 3 classified patients as high risk according to

the McGovern score and merited the need for vessel

imaging (CTA) to confirm or rule out a diagnosis of

BCVI. Once these six variables were evaluated in the

imaging cohort (n = 1012), patients were categorized

into a 2 · 2 table (positive/negative McGovern test vs.

the presence/absence of BCVI) and the SN, SP, posi-

tive predictive value (PPV), and negative predictive

value (NPV)were then calculated and the results were

compared for the patient population at Children’s Memo-

rial Hermann Hospital (CMHH) as compared with those

at other institutions (Table 3). Additionally, in the cohort

of patients with BCVI (n = 72), MOI, injury severity, and

injury location were included (Table 4). Lastly, those

patients with BCVI were evaluated for treatment (obser-

vation, antiplatelet agent, anticoagulation, endovascular

intervention, or open surgery) relative to severity/grade

of injury (Table 5). Results obtained from CMHH were

compared with the results obtained from the other insti-

tutions. All statistical testing was performed with the R

software package (v3.1.2) (MASS).

It should also be noted that in our previous publica-

tion (Herbert and associates13), receiver operator curves

(ROCs) were generated to evaluate the SN and SP of

Table 3. Calculation of the Validity of the McGovern Score

No. of patients

Data set BCVI No BCVI PPV/NPV
Sensitivity/
Specificity

Children’s Memorial
Hermann Hospital
Positive McGovern

test
17 105 13.9%/98.5% 81.0%/71.4%

Negative McGovern
test

4 262

Not Including Hermann
Data Set
Positive McGovern

test
47 206 18.6%/98.9% 92.2%/64.0%

Negative McGovern
test

4 367

All Data Sets
Positive McGovern

test
64 311 17.1%/98.7% 88.9%/66.9%

Negative McGovern
test

8 629

Summarizes the PPV, NPV, sensitivity, and specificity for three different
data sets. The first data set, Children’s Memorial Hermann Hospital
(CMHH), includes only the data set of those patients who presented to
CMHH, that is, this initial data set upon which the McGovern score was
based. The second data set, Not Including the Hermann data set, includes
all other patients included in this study, that is, those from Primary Child-
ren’s Hospital, Vanderbilt Children’s Hospital, Texas Children’s Hospital,
St. Louis Children’s Hospital, and the University of Florida in
Jacksonville—excluding CMHH. The third data set, All Data Sets, includes
all patients evaluated from all hospitals combining data sets 1 and 2.

BCVI, blunt cerebrovascular injury; NPV, negative predictive value;
PPV, positive predictive value.

Table 4. Clinical and Imaging Characteristics in Patients
Diagnosed With BCVI

Variables
CMHH

values (%)
All other

institutions (%) P-value

Patient characteristics
Cohort size 21 51
Mean age (SD) 10.4 (5.0) 9.0 (5.2)
Male 12 (57.1) 32 (62.7) 0.79

Mechanism of injury
Motor vehicle accident 11 (52.4) 18 (35.3) 0.36
Automobile-Pedestrian 5 (23.8) 10 (19.6)
Fall 2 (9.5) 6 (11.8)
Other 3 (14.3) 17 (33.3)

Intracranial injury
Epidural hematoma 1 (4.8) 8 (15.7) 0.11
Subdural hematoma 7 (33.3) 14 (27.5)
Subarachnoid hemorrhage 11 (52.4) 13 (25.4)
Contusion 4 (19.0) 18 (35.3)

Injury grade
1 4 (19.0) 30 (58.8) 0.30
2 7 (33.3) 12 (23.5)
3 5 (23.8) 5 (9.8)
4 4 (19.0) 3 (5.9)
5 1 (4.8) 1 (2.0)

Compares imaging and clinical characteristics of the 21 patients diag-
nosed with BCVI in the Children’s Memorial Hermann Hospital
(CMHH) cohort with the remaining 51 patients diagnosed with BCVI
from the other institutions included in this study.

BCVI, blunt cerebrovascular injury; SD, standard deviation.
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the McGovern score at varying thresholds as well as to

determine which discrimination point would be most

appropriate. The most predictive threshold was deter-

mined by calculating the area under the curve. A sample

ROC was published in our previous publication.13 Based

on this statistical analysis, we assigned MOI a point

value of 2 and determined a threshold of 3 as high risk

for BCVI, warranting angiographic imaging (such as

CTA). We kept a dichotomous score (high or low risk)

to facilitate ease of use and more streamlined clinical

decision-making.

Results
Patient population characteristics
In total, 1012 pediatric trauma patients were identified

who underwent angiographic screening with CTA: 388

patients from Children’s Memorial Hermann Hospital

(CMHH), 308 patients from Vanderbilt Children’s Hos-

pital (VCH), 223 patients from Primary Children’s Hos-

pital (PCH), 42 patients from St. Louis Children’s

Hospital (SLCH), 46 patients from Texas Children’s

Hospital (TCH), and 5 patients from University of Flor-

ida Jacksonville (UFJ). Of those who underwent angio-

graphic imaging, 72 patients were identified as having

BCVI: 21 from CMHH, 34 from PCH, 6 from VCH, 4

from SLCH, 6 from TCH, and 1 from UFJ. CTA was per-

formed in all patients within 24 h of admission, often

in the ED. Mean age of patients found to have BCVI

was 9.0 years as compared with 10.4 years in the

CMHH cohort, although this difference was not statis-

tically significant (Table 4). In this cohort of patients,

18 (35.3%), were involved in a motor vehicle accident,

10 (19.6%) were involved in an automobile-pedestrian

accident, 6 (11.8%) were involved in a fall, and 17

(33.3%) were injured due to some other cause of trauma

(Table 4).

Additionally, 33 patients (64.7%) had one or more

intracranial injuries (similar to the CMHH cohort in

which 66.7% of patients had an intracranial injury),

including 8 with an epidural hematoma, 14 with sub-

dural hematomas, 13 with subarachnoid hemorrhage,

and 18 with cerebral contusions. Eight (15.7%) as com-

pared with 6 (28.6%) in the CMHH cohort had a stroke

seen on imaging ( p = 0.22).

Of the 51 patients in the external cohort who sustained

a BCVI, 30 (58.8%) suffered a grade 1 vessel injury,

12 (23.5%) sustained a grade 2 vessel injury, 5 (9.8%)

suffered a grade 3 vessel injury, 3 (5.9%) suffered a

grade 4 vessel injury, and 1 (2.0%) suffered a grade 5

vessel injury. This is significantly different ( p = 0.012)

than the distribution of injury grades seen in the CMHH

cohort in which there were 4 (19.0%) grade 1 injuries,

7 (33.3%) grade 2 injuries, 5 (23.8%) grade 3 inju-

ries, 4 (19.0%) grade 4 injuries, and 1 (4.8%) grade 5

injury, respectively (Table 4). Of those with arterial inju-

ries, 25 of 51 patients (49.0%) received no treatment (ob-

servation alone) as compared with 8 of 21 (38%) patients

in the CMHH cohort. At all institutions in this cohort, of

those who did receive treatment, the majority of grade 1–

3 vessel injuries were treated with antiplatelet therapy.

In the CMHH cohort, grade 4 injuries were treated

primarily with antiplatelet agents and the only grade 5

injury was treated with observation (due to concomi-

tant intracranial hemorrhage). In the external cohort

(n = 51), 1 grade 4 injury was treated with observation

alone due to devastating concomitant intracranial hem-

orrhage and the remaining 2 grade 4 injuries were

treated with anticoagulation. The only grade 5 injury

was treated with endovascular intervention (Table 5). It

should be noted, however, that of the grade 1 injuries,

antiplatelet/anticoagulant agents were contraindicated

in 4 patients, of the grade 2 injuries, all 4 patients who

were observed had concomitant intracranial hemorrhage

and 1 underwent anticoagulation due to concomitant

venous sinus thrombosis, and of the grade 3 injuries,

the treatment of the patient with observation was due to

concomitant intracranial hemorrhage (Table 5).

Assessment of McGovern score
Table 3 summarizes the application of the McGovern

test in three different cohorts: CMHH, Not Including

Table 5. BCVI Treatment Based on Injury Grade

Treatment

CMHH: Grade of vascular injurya

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Observation 2 2 2 1 1
Antiplatelet therapy 1 5 3 3 0
Anticoagulant therapy 1b 0 0 0 0
Endovascular 0 0 0 0 0
Open surgery 0 0 0 0 0

Treatment

Other institutions: Grade of vascular injurya

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Observation 19 4 1 1 0
Antiplatelet therapy 8 5 1 0 0
Anticoagulant therapy 3 2 1 2 0
Endovascular 0 1 1 0 1
Open surgery 0 0 1 0 0

aThe grade of vascular injury was determined using the Biffl grading
scale.

bThis patient was managed with anticoagulation therapy for deep venous
sinus thrombosis and not BCVI.

Values are presented as the number of patients.
Summarizes the treatment received by each patient in the cohort of

patients diagnosed with BCVI for each grade of vascular injury at Child-
ren’s Memorial Hermann Hospital (CMHH) compared with the other insti-
tutions combined. At CMHH, in grade 1 injuries, blood thinners were
contraindicated in 4 patients (treated with observation) and 1 patient was
started on ASA for venous sinus thrombosis. In grade 2 injuries, blood thin-
ners were contraindicated in 4 patients (treated with observation) and 1 pati-
ent was anticoagulated for concurrent venous sinus thrombosis. In grade 3
injuries, blood thinners were contraindicated in 1 patient. In grade 5 inju-
ries, blood thinners were contraindicated in 1 patient due to concurrent,
large intracranial hemorrhage.

ASA, aspirin; BCVI, blunt cerebrovascular injury.
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Hermann Data Set (includes the other institutions but

excludes CMHH), and All Data Sets (includes CMHH

and the other institutions). A 2 · 2 matrix was created

comparing a positive McGovern test (classified as a

score ‡3) with a negative McGovern test in patients

with and without BCVI. Table 3 demonstrates the PPV

and NPV as well as SN and SP for all three data sets.

Note that the PPV, NPV, SN, and SP were similar for all

three. Additionally, across all data groups, the McGovern

score has a >80% SN and >98% NPV (Table 3).

Discussion
Predicting BCVI in children
Over the last decade, numerous studies have been pub-

lished in an effort to determine which pediatric trauma

patients are at high risk for BCVI and in need of angio-

graphic imaging. In the adult population, many institu-

tions have adopted a fairly liberal screening criteria;

however, applying this to the pediatric population raises

concern for unnecessary radiation exposure. Further,

the pathophysiology of BCVI in children is thought to

be different as a result of less calcified, more elastic

arteries and ligaments, and there is mounting evidence

that many children present with delayed neurological

decline/stroke as compared with the adult population.

Weber and colleagues looked at more than 8000 pediatric

trauma patients between 2002 and 2015 from hospitals

in Germany, Austria, and Switzerland and identified 42

children with BCVI (prevalence of 0.5%), with 30 pati-

ents having carotid injuries and 12 having vertebral

injuries.22 Importantly, they noted the risk for thrombo-

embolic events and in-hospital mortality to be 8.3%

and 38.1%, respectively, both significantly higher than

the incidence in pediatric trauma patients without BCVI,

stressing the importance of identifying this injury.22

Initially, there had been attempts to apply the pre-

viously published adult screening criteria (Denver, mod-

ified Memphis, EAST) to the pediatric population, but

these faired poorly.10 The Utah score built on these

adult screening scores and emerged as a specific pediatric

BCVI screening tool. It was designed using the pediatric

trauma cohort at PCH in the hope of creating a pediat-

ric BCVI screening tool specifically designed for chil-

dren. The designers selected risk factors that they

observed in their pediatric cohort, namely GCS score

£8, focal neurological deficit, carotid canal fracture as

seen on CT, petrous temporal bone fracture as seen

on CT, and cerebral infarction as seen on CT. Each of

the variables was weighted as 1, 2, 2, 3, and 3 to create

a dichotomous score with a cutoff of 3 points being

high risk and warranting a CTA (Table 1).

The development of the Utah score marked a paradigm

shift in which clinicians were recognizing that pediatric

BCVI risk factors differed from adults. However, the

Utah score missed many pediatric trauma patients in

Utah’s validation cohort, with only a 59% SN.4 When

the Utah score was applied to the CMHH cohort, the

SN was again poor at only 52% and missed 2 patients

who went on to have strokes secondary to BCVI

(Table 2). The challenge was that of the 21 BCVI patients

in the CMHH cohort, 7 (33%), upon initial presenta-

tion, had no focal neurological deficit and no fractures

or soft-tissue signs that could be appreciated on initial

imaging, making a high risk for BCVI in these patients

difficult to identify. Nearly all of these patients were

missed by the Utah score and previous adult screening

scores.

Thus, we sought to improve the SN of existing BCVI

screening criteria in the pediatric trauma population

by incorporating MOI as an independent risk factor for

BCVI. This variable was utilized because many prior

studies had noted that high-velocity injuries (and motor

vehicle collisions in particular) were common underly-

ing MOIs.22 By incorporating MOI, the SN of the score

was dramatically improved. Further, the McGovern

score correctly identified two patients who would have

delayed neurological decline/stroke that was missed

by the other screening criteria, and all four patients

who were missed by the McGovern score were managed

conservatively.

These findings highlight the huge advantage the

McGovern score offers over the previous screening crite-

ria with potential to alter management and treatment rec-

ommendations for pediatric trauma patients. However,

this study was limited by being a single institution study.

The purpose of this study was to validate the

McGovern score at multiple, large, pediatric trauma cen-

ters across the country. Pediatric trauma patients from

six different institutions were evaluated. The results of

use of the McGovern score in these institutions are sum-

marized in Table 3. The McGovern score maintained an

excellent 92.2% SN and 64.0% SP. Incorporating MOI

into the screening criteria increases the SN and identi-

fies patients missed by other screening criteria. Our

data strongly support the McGovern score as being an

effective, generalizable, and sensitive screening tool for

pediatric BCVI across a variety of trauma centers in the

United States.

MRA versus CTA
It is important to note that only CTA neck was used

to evaluate BCVI in this study. Although our institution

also included patients who obtained magnetic resonance

angiography (MRA) and digital subtraction angiography

(DSA) to evaluate for BCVI, this was not done at the

other institutions involved in this study, and so patients

with BCVI identified with MRA or DSA alone were

not included in this study. In our institution, 40 patients

who had MRA were excluded from analysis in the pres-

ent study. None of these patients had BCVI identified. No
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head-to-head comparison of the SN and SP of MRA and

CTA for BCVI has been published to our knowledge. The

lack of radiation exposure associated with MRA makes it

an attractive alternative to CTA for use as a screening

tool; however, more research is needed to compare

these imaging modalities.

BCVI risk factors
The primary improvement of the McGovern score over

previously published scores was the emphasis on the

importance of MOI. Applied to our institution, the

McGovern score had a SN of 81% and SP of 71.3%,

much higher than the Utah score alone (*50% SN).

Additionally, when the McGovern score was applied to

the other five institutions, the SN was 89% and SP was

67%, making the McGovern score a sensitive indicator

of pediatric BCVI (Table 3). Of note, the McGovern

score is sensitive in the external data set even when the

distribution of BCVI grades was significantly different

(Table 3), suggesting generalizability of the score.

The inclusion of MOI in a pediatric BCVI screening

score mirrors the experience of the improvement repre-

sented by the Canadian C-Spine (cervical-spine) Rule

(CCR), which includes MOI, over the previous National

Emergency X-Radiography Utilization Study (NEXUS)

Low-Risk Criteria (NLC), which did not.23

BCVI treatment
BCVI treatment in the pediatric population is not well

established and varies based on institution as demonstra-

ted by the variety of treatment strategies employed by

the six institutions in this study (Table 5). Our data over-

all suggest that the majority of grade 1 injuries are treated

with observation alone, higher-grade injuries (grades

2–4) with antiplatelet/anticoagulant therapy as able, and

grade 5 injuries (n = 1) with endovascular intervention.

Future prospective studies will help determine the opti-

mal treatment strategy for these injuries, which, although

rare, can lead to significant neurological sequelae.

Limitations
As with all retrospective cohort studies, our present study

is limited by the availability and accuracy of the medical

record. The primary limitation of this study lies in the

difficulty of retrospectively applying a screening score

to a patient population with a rare injury with a high

degree of heterogeneity of clinical decision-making reg-

arding screening criteria. The true incidence of BCVI

among the pediatric trauma patients of the participating

institutions is thus unknown, as only patients who under-

went CTA for screening were included.

Conclusions
To our knowledge, this study represents the largest retro-

spective study of pediatric BCVI patients to date. It

supports the McGovern score as being an effective, gen-

eralizable, and sensitive screening tool for pediatric

BCVI across a variety of trauma centers in the United

States. Further validation of the McGovern score in a

prospective patient cohort is needed.

Acknowledgments
The authors thank their practice partners, institutions, and

hospitals for the support of this study.

Authors’ Contributions
All authors contributed substantively and approve of the

conception of the study, data collection, data analysis,

and critical review of the manuscript. MNS provided

material support for the study.

Funding Information
Research work reported in this article was supported

by the National Institutes of Health (NIH) National Ins-

titute of Neurological Disorders and Stroke (NINDS)

R21NS120085 and R01NS126437 (MNS).

Author Disclosure Statement
No competing financial interests exist.

References
1. Biffl WL, Moore EE, Offner PJ, et al. Optimizing screening for blunt

cerebrovascular injuries. Am J Surg 1999a;178(6):517–522.
2. Biffl WL, Moore EE, Offner PJ, et al. Blunt carotid arterial injuries:

implications of a new grading scale. J Trauma 1999b;47:845–853.
3. Malhotra A, Wu X, Kalra VB, et al. Screening for pediatric blunt

cerebrovascular injury: review of literature and a cost-effectiveness
analysis. J Pediatr Surg 2015;Oct;50(10):1751–1757.

4. Ravindra VM, Riva-Cambrin J, Sivakumar W, et al. Risk factors for traumatic
blunt cerebrovascular injury diagnosed by computed tomography
angiography in the pediatric population: a retrospective cohort study.
J Neurosurg Pediatr 2015;15(6):599–606.

5. Ravindra VM, Bollo RJ, Sivakumar W, et al. Predicting blunt
cerebrovascular injury in pediatric trauma: validation of the ‘‘Utah
score.’’ J Neurotrauma 2017;34(2):391–399.

6. Dewan MC, Ravindra VM, Gannon S, et al. Treatment practices and
outcomes after blunt cerebrovascular injury in children. Neurosurgery
2016;79(6):872–878.

7. Kopelman TR, Berardoni NE, O’Neill PJ, et al. Risk factors for blunt
cerebrovascular injury in children: do they mimic those seen in adults?
J Trauma 2011;71:559–564.

8. Cothren CC, Moore EE. Blunt cerebrovascular injuries. Clinics 2005;60(6):
489–496.

9. Ciapetti M, Circelli A, Zagli G, et al. Diagnosis of carotid arterial injury in
major trauma using a modification of Memphis criteria. Scand J Trauma
Resusc Emerg Med 2010;18(1):6.

10. Franz RW, Willette PA, Wood MJ, et al. A systematic review and
meta-analysis of diagnostic screening criteria for blunt cerebrovascular
injuries. J Am Coll Surg 2012;214(3):313–327.

11. Jones TS, Burlew CC, Kornblith LZ, et al. Blunt cerebrovascular injuries in
the child. Am J Surg 2012;204(1):7–10.

12. Mallicote MU, Isani MA, Golden J, et al. Screening for blunt cerebrovas-
cular injuries in pediatric trauma patients. J Pediatr Surg 2019;54(9):
1861–1865.

13. Herbert JP, Venkataraman SS, Turkmani AH, et al. Pediatric blunt
cerebrovascular injury: the McGovern screening score. J Neurosurg
Pediatr 2018:21(6):639–649.

14. Malhotra A, Wu X, Kalra VB, et al. Screening for pediatric blunt
cerebrovascular injury: review of literature and a cost-effectiveness
analysis. J Pediatr Surg 2015;50(10):1751–1757.

15. Bromberg WJ, Collier BC, Diebel LN, et al. Blunt cerebrovascular injury
practice management guidelines: the Eastern Association for the
Surgery of Trauma. J Trauma 2010;68(2):471–477.

MULTI-CENTER VALIDATION MCGOVERN BCVI SCREENING SCORE 1457

D
ow

nl
oa

de
d 

by
 V

an
de

rb
ilt

 U
ni

ve
rs

ity
 f

ro
m

 w
w

w
.li

eb
er

tp
ub

.c
om

 a
t 0

7/
07

/2
3.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



16. Bruns BR, Tesoriero R, Kufera J, et al. Blunt cerebrovascular injury
screening guidelines: what are we willing to miss? J Trauma Acute Care
Surg 2014;l76(3):691–695.

17. Burlew CC, Biffl WL, Moore EE, et al. Endovascular stenting is rarely
necessary for the management of blunt cerebrovascular injuries. J Am
Coll Surg 2014;218(5):1012–1017.

18. Cothren CC, Biffl WL, Moore EE, et al. Treatment for blunt cerebrovascular
injuries: equivalence of anticoagulation and antiplatelet agents. Arch
Surg 2009;144:685–690.

19. Cothren CC, Moore EE, Biffl WL, et al. Anticoagulation is the gold standard
therapy for blunt carotid injuries to reduce stroke rate. Arch Surg 2004;
139(5):540–545, discussion 545–546.

20. DiCocco JM, Fabian TC, Emmett KP, et al. Optimal outcomes for patients
with blunt cerebrovascular injury (BCVI). J Am Coll Surg 2011;212(4):
549–557.

21. Li W, D’Ayala M, Hirshberg A, et al. Comparison of conservative and
operative treatment for blunt carotid injuries: analysis of the National
Trauma Data Bank. J Vasc Surg 2010;51(3):593–599.

22. Weber CD, Lefering R, Weber MS. et al. Predictors for pediatric blunt
cerebrovascular injury (BCVI): an international multicenter analysis.
World J Surg 2019;43:2337–2347.

23. Stiell IG, Clement CM, McKnight RD, et al. The Canadian C-spine rule
versus the NEXUS low-risk criteria in patients with trauma. N Engl J Med
2003;349(26):2510–2518.

1458 VENKATARAMAN ET AL.

D
ow

nl
oa

de
d 

by
 V

an
de

rb
ilt

 U
ni

ve
rs

ity
 f

ro
m

 w
w

w
.li

eb
er

tp
ub

.c
om

 a
t 0

7/
07

/2
3.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 


