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Blunt cerebrovascular injury (BCVI) can result in thromboembolic stroke. Many trauma centers selectively screen patients with
cervical computed tomographic angiography (CTA) based on clinical criteria. In 2016, our institution adopted universal screening
for BCVI for all blunt trauma patients. The aim of this study was to accurately determine the incidence of BCVI and to evaluate the
diagnostic performance of the Denver criteria (DC), expanded Denver criteria (¢eDC), and Memphis criteria (MC) in selecting pa-

Retrospective cohort study of adult (216 years) blunt trauma patients who presented to the Level I trauma center at University of
Alabama at Birmingham. We reviewed all CTA reports and selected CTA images to obtain the true incidence rate of BCVI. We

A total of 6,800 patients who had suffered blunt trauma were evaluated, of whom 6,287 (92.5%) had a neck CTA. Of these, 480
(7.6%) patients had CTA evidence of BCVI. The eDC identified the most BCVI cases (sensitivity 74.7%) but had the lowest pos-
itive predictive value (14.6%). The DC and MC had slightly greater positive predictive values (19.6% and 20.6%, respectively) and
had the highest diagnostic ability in terms of likelihood ratio (2.8 and 2.9) but had low sensitivity (57.5% and 47.3%). Conse-
quently, if relying on the traditional screening criteria, the DC, eDC, and MC would have respectively resulted in 42.5%,
25.3%, and 52.7% of patients with BCVI identified by universal screening not receiving a neck CTA to screen for BCVI.

Blunt cerebrovascular injury is even more common than previously thought. The diagnostic performance of selective clinical
screening criteria is poor. Consideration should be given to the implementation of universal screening for BCVI using neck
CTA in all blunt trauma patients. (J Trauma Acute Care Surg. 2021;90: 224-231. Copyright © 2020 American Association for

BACKGROUND:
tients for screening.
METHODS:
then evaluated the diagnostic performance of the DC, eDC, and MC.
RESULTS:
CONCLUSION:
the Surgery of Trauma.)
LEVEL OF EVIDENCE: Diagnostic, level III.
KEY WORDS: Blunt; trauma; cerebrovascular injury; universal screening.

lunt cerebrovascular injury (BCVI) has been reported in 1%
to 3% of patients admitted after blunt trauma and carries a
risk of thromboembolic stroke.'® Early diagnosis of BCVI and
treatment with antithrombotic medications may reduce the stroke
risk.” Prior to the advent of multislice computed tomography
(CT) scanners, digital subtraction angiography (DSA) was used
to diagnose (or rule out) BCVI. Digital subtraction angiography
is resource-intensive and associated with risks, and therefore sev-
eral groups developed sets of clinical screening criteria to select
patients who were at high risk for BCVI to undergo DSA. The
Denver criteria (DC)'® and Memphis criteria (MC)'! consist of
lists of injuries, as well as clinical signs, which are known to be
associated with BCVI (Table 1). However, the selective use of im-
aging techniques underestimates the true incidence of a disease,
and further study by both groups resulted in ever expanding
criteria for screening after demonstrating that up to 20% of pa-
tients with BCVI did not meet the initial criteria.'*'> Ex-
panded indications for screening and improvements in CT
technology have resulted in an increase in the perceived inci-
dence of BCVIL.
Computed tomographic angiography (CTA) of the neck is
now widely accepted as the primary modality for the diagnosis
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of BCVL'* However, the true incidence of BCVI continues to
be a matter of debate. In 2016, we changed our institutional pol-
icy for the investigation of suspected BCVI from selective to
universal screening such that all patients who had suffered blunt
trauma underwent a CTA of the neck in addition to CT scans of
the head, cervical spine, chest, abdomen, and pelvis. This
change was instituted following the failure to diagnose BCVI
in two patients who did not meet clinical screening criteria and
subsequently suffered strokes. Our widespread use of CTA pro-
vides an opportunity to determine the true incidence of BCVI
and to evaluate the diagnostic performance of commonly used
clinical screening criteria. We hypothesized that universal evalu-
ation with CTA neck would result in a higher incidence of BCVI
than reported in the literature and a lower diagnostic perfor-
mance of clinical screening criteria.

METHODS

Design, Setting, and Data Sources

This is a retrospective cohort study. The University of
Alabama at Birmingham (UAB) hospital is an American Col-
lege of Surgeons verified Level I trauma center in Central
Alabama that evaluates over 5,000 trauma patients per year.
The hospital has a dedicated neurovascular service staffed by
neurovascular trained neurosurgeons. Adult (216 years) patients
who presented following blunt injury between August 2017 and
August 2019 were included. Data were from obtained from the
UAB trauma registry and from reviews of CT scan reports and
CT images (see below). The study was approved by our institu-
tional review board.

CT Scanner and Imaging Protocol

The emergency department at UAB Hospital is equipped
with a Philips iCT 256-slice CT scanner (Koninklijke Philips N.
V., Amsterdam). Contrast volume is administered based on pa-
tient weight, with patients under 200 Ibs receiving 120 mL of
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&) for Abbreviated Injury Scale (AIS) codes that corresponded to

the injuries included in each of the four sets of clinical screening
criteria: the original clinical screening criteria from the groups in
DC (6) and MC (7), as well as updated criteria published by both
groups, which we designated as the expanded DC (eDC) (8) and
the modified MC (mMC) (9). Table S1 (http://links.lww.com/
TA/B836) in the Supplementary Appendix lists the AIS codes
for injuries specified in the screening criteria. Patients recorded
as having the injuries listed were deemed to be clinical-screen
positive. Many of the signs and symptoms that are included in
the DC, MC, eDC, and mMC (also shown in Table S1, http://
links.lww.com/TA/B836) do not have a corresponding injury
code, and therefore, our analysis of the criteria represents an
evaluation of the objective data recorded in the trauma registry.
The diagnostic performance of the DC, MC, eDC, and mMC
were expressed in terms of the proportion of patients who were
clinical-screen positive, the false negative and false positive rate,
the sensitivity (ability of the clinical screening criteria to cor-
rectly identify patients with BCVI), specificity (ability of the

Closed head injury with diffuse axonal injury
and GCS score <6 Cervical subluxation or

ligamentous injury, transverse foramen
thoracic injuries Scalp degloving Thoracic

fracture, anybody fracture, any fracture C1-C3
Clothesline type injury or seat belt abrasion
with significant swelling, pain or altered
mental status Traumatic brain injury with
vascular injuries Blunt cardiac rupture

Complex skull fracture, basilar skull fracture,
Near hanging with anoxic brain injury

Displaced mid-face fracture (Lefort IT or III)
occipital condyle fracture

mouth Cervical bruit in patient <50 y
neurological deficit: TIA, hemiparesis,
vertebrobasilar symptoms, Horner’s syndrome
Neurologic examination inconsistent with
head CT Stroke on MRI or CT

Mandible fracture

eDC
Potential arterial hemorrhage from the neck/nose/
Expanding cervical hematoma Focal

TABLE 1. BCVI Screening Criteria for Denver, eDC, MC, and mMC
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6800 blunt trauma
patients

A 4

462 patients with isolated
extremity injuries excluded

\ 4

6287 blunt trauma had
CTA neck

A4

480 patients had a total
of 614 BCVIs

Figure 1. Derivation of study cohort.

for both sets of criteria are the same, we only report the data
once. The analysis was performed using SAS v9.4.

RESULTS

A total of 6,800 patients with blunt trauma were seen in the
emergency department over the study period. Of those, 6,287
(92.5%) had a neck CTA and 480 (7.6%) showed evidence of
BCVL. There were 5,841 eligible for entry into the trauma registry
and included in this analysis. Of the 513 patients that did not re-
ceive a screening neck CTA, the majority had isolated extremity
trauma. The derivation of the study cohort is shown in Figure 1.

Characteristics of Study Population

Patients with BCVI had a mean age of 47.3 + 19.9 years
and a median Injury Severity Score of 17 (interquartile range,
11-27). The most common causes of injury were motor vehicle

TABLE 2. Distribution of Injuries, by Biffl Grade, All Injuries
(n=614)

51 patients not screened at
discretion of attending
trauma surgeon

collisions (MVCs) (63.6%), falls (19.3%), motorcycle collisions
(7.9%), and pedestrian being struck by vehicles (4.9%). A total
of 251 (52.3%) patients had a carotid artery injury, and 258
(53.8%) had a vertebral artery injury. In total, there were 317 ca-
rotid artery injuries and 297 vertebral artery injuries. The distribu-
tion by Biffl grade is shown in Table 2. Grade 1 injuries were the
most common (54.9% of carotid artery injuries, 44.8% of vertebral
artery injuries). Grade 2 injuries accounted for around one quarter
of injuries. Table 3 shows the distribution by highest grade of injury
for all 480 patients. In 44.2% of patients, the highest grade of injury
was a Biffl Grade 1 and in 40.2% a Biffl Grade 2. More patients
had injury to bilateral carotid arteries (69 [14.4%)]) than bilateral
vertebral arteries (40 [8.3%]). The majority of patients had an in-
jury to one vessel (75.4%) or two vessels (21.9%).

Diagnostic Performance of Clinical Screening
Criteria

Table 4 shows how the various clinical screening criteria
performed in our blunt trauma population when compared with

TABLE 3. Distribution by Highest Grade of Injury, by Biffl Grade,

Carotid Artery Vertebral . _
Injuries Artery Injuries Any Vessel, All Patients (n = 480)
Biffl Grade n (%) n (%) Patients
T 0,

1 Luminal irregularity or dissection 174 (54.9) 133 (44.8) Biffl Grade n (%)

<25% luminal narrowing 1 Luminal irregularity or dissection <25% 212 (44.2)
2 Dissection or intramural 92 (29.0) 79 (26.6) luminal narrowing

hematoma 225% luminal narrowing 2 Dissection or intramural hematoma 225% 145 (30.2)
3 Pseudoaneurysm 38 (12.0) 13 (4.4) luminal narrowing

Vessel occlusion 13 (4.1) 71 (23.9) 3 Pseudoaneurysm 46 (9.6)

5 Transection with free extravasation 0 (0.0) 1(0.3) 4 Vessel occlusion 76 (15.8)
All 317 297 5 Transection with free extravasation 1(0.2)
© 2020 American Association for the Surgery of Trauma. 227
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TABLE 4. Diagnostic Performance of Clinical Screening Criteria
(n=5,841)

Criteria DC eDC MC
No. (and %) patients 1,122 (19.2%) 2,066 (35.4%) 864 (14.8%)
meeting criteria
No. patients with BCVI 271 352 223
False negative rate 42.5% 25.3% 52.7%
False positive rate 20.9% 38.5% 16.1%
Sensitivity 57.5% 74.7% 47.3%
Specificity 79.1% 61.5% 83.9%
PPV 19.6% 14.6% 20.6%
NPV 95.5% 96.5% 94.7%
LR positive 2.8 1.9 29

universal screening. The eDC identified the most BCVI cases
(sensitivity 74.7%) but had the lowest PPV (14.6%). The DC
and MC had slightly greater PPVs (19.6% and 20.6%, respec-
tively) and had the highest diagnostic ability in terms of LR
(LR+, 2.8 and 2.9), but had lower sensitivity (57.5% and
47.3%, respectively) than the eDC. Consequently, if relying on
the traditional screening criteria, the DC, ¢eDC, and MC would
have, respectively, resulted in up to 42.5%, 25.3%, and 52.7%
of patients with BCVI identified by universal screening not re-
ceiving a neck CTA to screen for BCVI.

DISCUSSION

Blunt cerebrovascular injuries are important because they
carry with them a risk of stroke. Some of these strokes may be
preventable—but only if BCVIs are identified and appropriate
prevention strategies are instigated.

Our study shows that the incidence of BCVI, as deter-
mined by universal screening of all blunt multiple-trauma pa-
tients with CTA of the neck, is 7.6%, which is more than twice
the rate previously reported.**® This finding is not related to
the detection of increasing numbers of clinically insignificant le-
sions. The proportions of patients with Grades 1 to 4 injuries in
our cohort were 44.2%, 30.2%, 9.6%, and 15.8%, respectively,
which is similar to the findings of the Denver and Memphis
groups.*'* The discrepancy between our results and those re-
ported previously, therefore, is most likely because of patients
who do not meet the criteria currently used to select patients
for investigation. Our evaluation of the diagnostic performance
of the commonly used clinical screening criteria, using the re-
sults of universal screening as the “gold standard,” confirms
these findings. Reliance on clinical screening criteria will result
in patients with blunt cerebrovascular injuries remaining undiag-
nosed, with potentially serious consequences.

In the National Trauma Data Bank 2016 Annual Report
published by the American College of Surgeons,'¢ falls com-
prised 44.2% of blunt traumatic injuries, followed by MVCs at
26.0%. Our blunt trauma population was 63.6% MVC followed
by falls at 19.3%. Despite this difference, we believe our find-
ings still have broad applicability. This study found a high inci-
dence of BCVI in all types of blunt trauma, and our lowest
incidence category, blunt strike, had a BCVI rate of 3.5%, which
is still higher than any previously reported study.

228

Multislice CT scanners are now widely available, simpli-
fying the process of evaluating the cerebrovascular injury. Fur-
thermore, the addition of a cervical CTA to other routine blunt
trauma CT scans does not increase the amount of contrast agent
and thus adds little risk to the patient.!” However, the trauma
community has been slow to embrace universal screening for
BCVI, and U.S. and international guidelines continue to recom-
mend selective evaluation."'®!” To our knowledge, only one
other institution, Virginia Commonwealth University (VCU),
has published data after adopting universal screening for
BCVIL.?’ In the VCU study, the incidence of BCVI detection
with universal screening was 2.7%—lower than that reported
by institutions which have not adopted universal screening.
The VCU patients had a median Injury Severity Score virtually
identical to ours, so the populations appear to be similar. It is
therefore unclear why the incidence of BCVI in the VCU popu-
lation is so low, since increased screening usually leads to in-
creased detection. Despite this difference, the VCU authors
call for universal screening and appropriately note that with an
ever-expanding list of BCVI risk factors, it is questionable
whether practitioners in busy trauma centers can consistently re-
member and apply the screening guidelines. We assert that if the
guidelines are too complicated to be followed in busy trauma
centers, they need to be simplified for everyone. We believe that
the time has come to adopt universal screening as the standard of
care for the evaluation of patients who have suffered blunt mul-
tiple trauma.

Our study has limitations. The most important is its retro-
spective, single-center design. Although all CTA reports and
many of the CTA images were reviewed, the study relied on ac-
curate trauma registry data, particularly for the evaluation of di-
agnostic performance. We used a “crosswalk™ to create lists of
AIS codes that represent the injuries included in the DC and
MC. There are no such codes for the more subjective criteria,
which could partly explain the low performance of the clinical
screening criteria. In addition, although we aim to obtain cervi-
cal CTAs on all blunt trauma patients, 7.5% of patients entered
into our trauma registry did not receive a CTA of the neck. On
review of these patients, most had low-energy traumatic mecha-
nisms resulting in isolated extremity trauma. Not requesting cer-
vical CTAs in these patients, therefore, seems appropriate.

CONCLUSION

Despite these limitations, our study adds to the body of lit-
erature on BCVI. Our results demonstrate that when all patients
undergo cervical CTA, BCVI is even more common than pre-
viously thought. When evaluated against this gold standard,
the diagnostic performance of clinical screening criteria is
poor. Consideration should be given to the implementation
of universal screening for BCVI using cervical CTA in all
blunt trauma patients.
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DISCUSSION

WALTER L. BIFFL, M.D. (San Diego, California): Thank
you, Dr. Burlew. And I’d like to thank the AAST for the privilege
of the podium and the opportunity to discuss this paper.

Since the introduction of screening for blunt cerebrovas-
cular injuries in the mid-1990s the “who,” “how,” and “why”
have been debated. At this point the “why,” to prevent strokes,
and the “how,” with CTA, have been pretty well accepted. But
the question of “who” continues to be discussed.

Numerous studies continue to try to identify the highest-
risk injury patterns to focus screening efforts. On the other hand,
studies like the recent EAST Practice Management Guideline by
Dr. Kim and colleagues concluded that even lower-risk injuries
warrant consideration for screening.

We’ve known for over 20 years that “the more you look,
the more you find.” But where do you draw the line?

At the AAST meeting ten years ago Cook and colleagues
presented an analysis of NTDB data concluding that to identify
all BCVI using a model based on a pattern of injuries, “an unre-
alistic 96 percent of the cohort would require screening.”

In this paper the authors make an argument for doing just
that, screening 93 percent of their patients. The authors found an
unprecedented number of injuries and reported that the most lib-
eral screening criteria they reviewed, the Expanded Denver
Criteria, missed a quarter of the injuries.

I have a couple of questions about the yield of this screen-
ing as well as the consequences of universal whole body CT.

You found injuries in 7.6 percent of patients, way beyond
anything previously reported. If you had only screened based
upon the Expanded Denver Criteria you’d have found 360 (in-
distinguishable), still have over 5 percent of your blunt trauma
admissions.

At this year’s WTA meeting there was a similar paper
from Virginia Commonwealth performing universal screening.
The incidence of BCVI in their paper was only 2.7 percent,
about a third of yours.

Why do you think yours was so much higher? Do you
think there was a high false-negative rate at other institutions?
A higher false-positive rate in your center?

I noticed 44 percent of yours are Grade 1 injuries. How
many of those were healed or resolved on follow-up imaging?
Or maybe it’s your patient population.

And to paraphrase Dr. Feliciano when he discussed Dr.
Fabian’s landmark paper in 1996, the only alternative hypothesis
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would be that the carotid arteries of the residents of Birmingham
are particularly stiff. Please comment on the incidence in
your series.

In the VCU paper 51 percent of patients met screening
criteria and they had 83 percent of the injuries. The other 17 per-
cent didn’t meet screening criteria but every single one of them
was in a motor vehicle crash. How many of your six-thousand-
plus patients met the Expanded Denver Criteria?

And you had nearly two-thirds of your patients involved
in motor vehicle crashes. Is that a risk factor? And how gener-
alizable are these findings given that in the NTDB only a quarter
of patients are motor vehicle crash victims?

I’d also like to ask the authors to comment on the whole
body CT scanning — you did make mention of this — adding
the CTA head and neck onto that. As you know, whole body
CT is debated on its merits and the additional contrast and radi-
ation are considered potential harms.

You mentioned that there is no additional contrast given
for this. What about the additional radiation given that they’ve
already had a non-com head and neck? And what’s the added
cost to the patient?

I’d like to congratulate the authors on their work and look
forward to following the evolution of this practice.

JONATHAN A. BLACK M.D. (Birmingham, Alabama):
So thank you, Dr. Biffl, for taking the time to review our paper.
Let me just take your questions in the order they were given.

Starting with the question about the work VCU had done,
I will say that we certainly read VCU’s paper with great interest.
And we’ve asked ourselves a lot of the same questions you are
asking.

Let me start by saying I don’t think the carotid arteries in
Birmingham are any stiffer than anywhere else, although we did
ask ourselves that.

I will note that our injury severity score was similar to
theirs, almost identical so I don’t think the patient populations
are that different. But honestly we were a little surprised by
their numbers.

As you said, and, you know, as is typical in medicine, the
more you screen, the more you find. That’s true in breast cancer
or colon cancer. That’s true in venous thromboembolic disease.
We think it’s probably true in BCVI.

But their incidence of 2.7 percent is lower even than the
data that your group in Denver published when you examined
your expanded screening criteria. I think you guys had 2.99 per-
cent. So, honestly, we thought their number would be a little bit
higher. And we’re at a little bit of a loss to explain the difference.

There are some subtle things. They used 128-slice scan-
ners. We used a 256-slice scanner. That may help us pick up a
couple extra subtle findings although, as I note, we’re not just
finding a lot of Grade 1 injuries so I don’t think that explains
all of it.

And then you asked about follow-up imaging. We don’t
routinely obtain follow-up imaging. Typically when we establish
a diagnosis we will confirm it with our neurosurgery colleagues
and then we will just treat. So, unfortunately, I don’t have follow-
up numbers.

Moving on to your second question, 41.8 percent of our
patients met the Expanded Denver Criteria. And MVCs were a
slightly higher rate of BCVI than falls. MVCs in our group were
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about 9 percent, so a pretty high proportion. Almost one in ten of
our MVCs have a BCVI.

But, at the same time, falls were 7.6 percent. So our data
for falls — even though less common than MVCs, and MVCs
do seem to be a predictor of BCVI — our rate for falls is still more
than double anything previously published. So in light of thatwe
do think that our data is generalizable across both a wide range
of patients and a variety of trauma centers.

And then your last question was about whole body CT
scanning and risks to the patient and IV contrast. Prior to our im-
plementation of our universal screening for BCVI our “trauma
scans” were CT scans of the head, neck, or head, C-spine, chest,
abdomen, and pelvis.

When we added a CTA of the neck, essentially the CTA of
the neck replaces the CT of the C-spine. And then we pulled the
bony images from the CTA of the neck.

Prior to adding a CTA of the neck our contrast load was
governed by the CT of the abdomen. For patients less than 200
pounds, we give 120 milliliters of IV contrast; for patients over
200 pounds we give 150.

After implementation or after adding the CTA of the
neck routinely we still give the same contrast loads. So it is
still based on the CTA scan of the abdomen which is governed
by patient weight. So that’s why we say that we didn’t change
the contrast loads.

For radiation dosing, published data indicates that a
whole body CT is somewhere in the neighborhood of about
24 millisieverts.

Adding a CTA of the neck and subtracting a CT of the
C-spine is an addition of about an additional 1.5 millisieverts
which is about 6 percent. So it’s about a 6 percent increase in
the total body radiation to the patient. I hope I answered those
questions sufficiently.

NICOLE A. STASSEN, M.D. (Rochester, New York):
After finding the BCVI what treatment, antiplatelet agents,
anticoagulation, was used for the injures? What percentage
of patients were unable to be treated secondary to other
injuries?

JONATHAN A. BLACK M.D. (Birmingham, Alabama):
Sure. Yes. So our typical treatment algorithm is aspirin, for the
most part. For every injury we consult our neuro-endovascular
colleagues and they review the images to confirm that they be-
lieve them to be real injuries.

Most of the time we treat with 81 milligrams of aspirin.
For injuries that they believe are more severe then we sometimes
load with 325. But that’s our typical treatment algorithm.

There are times where we cannot treat, so significant head
bleeds or hemorrhagic shock or other indications like that would
be reasons why we would not treat.

SAMIR FAKHRY, M.D. (Nashville, Tennessee): The
practice we implemented at the Level 1 centers I have practiced
at was to use neck CTA for all our full activations in blunt pa-
tients and only selected partial activation patients. This simpli-
fied screening. Can you provide the BCVI detection rates in
your study for full activations as compared to partial activations?

JONATHAN A. BLACK M.D. (Birmingham, Alabama):
Off the top of my head I don’t. I'm sorry. I probably could have
dove back into our data and pulled it out but I don’t know it off
the top of my head.
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D’ANDREA K. JOSEPH, M.D. (Roslyn, New York):
With your protocol for universal screening you did not add addi-
tional contrast. How comfortable are you that you did not miss
even more patients?

BRANDON BRUNS, M.D. (Annapolis, Maryland): Do
you have a guideline for follow-up of imaging of injury identi-
fied on your initial scan? Do you treat based on the screening
exam alone?

We have noted that many of the BCVIs noted on initial
screen either resolve by the 24-28 hour dedicated neck CTA
or change grades, leading to possible changes in management.

JONATHAN A. BLACK M.D. (Birmingham, Alabama):
Yes, it’s a good question and it’s a valid point. Like I said, we don’t
routinely screen again or we don’t routinely image again.

Our practice is typically just to treat with aspirin, even for
injuries that we think are, you know, “questionable Grade 1.” We
do run or we consult our neuro-endovascular colleagues and have
them evaluate every scan so it’s not just a neuro-radiologist, there
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is a treating practitioner who is also involved in the discussion of
whether or not to treat.

But when in doubt we tend to give aspirin, especially if
there aren’t other contraindications. I guess, you know, big pic-
ture, we think that the risk of aspirin is low when compared to
the risk of a potential stroke.

DAVID H. LIVINGSTON, M.D. (Newark, New Jersey):
Are we finally simply using presence of a neck as an entry
criteria? Is there any other down such as MVC or pedestrian
struck?

DEBORAH M. STEIN, M.D., M.P.H. (San Francisco,
California): Are these injuries clinically relevant? With the ad-
vances in CT technology are we just detecting a bunch of inju-
ries that are not likely to cause clinically relevant complication.

We are certainly seeing this with other vascular injuries in
the rest of the body. What was the rate of stroke detection
followed by the detection of a BCVI prior to implementation
of this imaging protocol?
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