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Abstract

section of a Brazilian quaternary care hospital.

Background: Blunt carotid and vertebral artery injury (BCVI) occur infrequently. The incidence of this type of injury is
difficult to determine as many emergency room patients are neurologically asymptomatic. The statistics have not been
reported in Brazil. The objectives of the current study were: To evaluate the accuracy of criteria used to recommend
angiotomography in the diagnosis of cervical BCVIin 100 patients with blunt cervical trauma in the trauma services

Methods: During a 30-month (2006-2008), all patients admitted to the emergency room of Hospital das Clinicas da
Faculdade de Medicina da Universidade de Sao Paulo with blunt cervical trauma and potential risk of cervical vessel
injury, were subjected to cervical angiotomography to diagnose BCVI. The data analyzed are presented as mean +

standard deviation, and statistical analyses included Chi-square and Fisher's exact tests, and the Mann-Whitney test.

Results: During the study period 2467 blunt trauma patients were admitted. In 100 patients that met the criteria for
inclusion in the study, angiotomography identified 23 with BCVI, including 17 males and six females. The mean patient
age was 34.81 £ 14.84 years. Car crash (49%) and car-pedestrian accidents (24%) were the most frequent causes of
injury. Ten patients had internal carotid artery injuries, two patients had common carotid artery injuries, and 11 patients
had vertebral artery injuries. Seven patients presented with Degree | arterial injuries, 10 patients presented with Degree
Il artery injuries, four patients presented with Degree IV artery injuries, one patient presented with a Degree V artery
injury, and one patient had a carotid fistula. Seven out of the 23 patients with BCVI (30.4%) presented with cervical
vertebrae fractures, and 11 out of the 23 patients with BCVI (47.8%) presented with facial fractures (LeFort Il and III).

Conclusions: Although there is no consensus regarding the criteria that should be used to indicate angiotomography
for BCVI diagnosis, we conclude that the criteria used in the current study led to a diagnosis of BCVI in 0.93% of 2,467
trauma patients, BCVI injuries were associated with more severe traumas and did not affect mortality.

Introduction

Blunt carotid and vertebral artery injury (BCVI) is infre-
quent, but may have serious repercussions. The incidence
of this type of injury is difficult to evaluate as many emer-
gency room patients are neurologically asymptomatic or
have symptoms attributed to cranial trauma or to other
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associated injuries. Previous studies estimated that BCVI
injuries remain undiagnosed in two-thirds of patients
[1,2]. More recent statistics show an incidence of BCVI
lesions in 0.24% to 0.33% of trauma patients with some
symptoms of neurological impairment [3,4]. Therefore,
the high index of suspicion is fundamental to the diagno-
sis of these lesions in blunt cervical trauma. To our
knowledge, this is the first study to examine the incidence
of BCVI in Brazil. Given the low incidence of these trau-
mas, their actual morbidity and mortality have not been
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clearly established in the literature. Of particular impor-
tance, many BCVIs are not diagnosed or treated before
an ischemic cerebral event occurs [5]. In the 1974'-*s,
studies identified that the most common pathophysio-
logic mechanism is an intimal tear with subsequent
thrombosis. While the symptoms are generally those of
carotid insufficiency, a diagnosis of cervical carotid
trauma is seldom made clinically because the entity is
confused with intracranial injury [2,6].

Several laboratory tests and imaging studies are fre-
quently required in the emergency room for the evalua-
tion of trauma. However, imaging exams to identify
cervical vessel lesions are not performed routinely during
initial trauma care. Angiography is considered the 'gold
standard' exam for the identification of vascular lesions.
The duplex scan has 86% sensitivity, but is limited in its
ability to identify carotid artery lesions near the base of
the skull. Angiotomography is sensitive enough to iden-
tify general anatomical lesions, and it could also be useful
for identifying vascular lesions. During initial trauma
assessment, computerized tomography is a common
diagnostic method [1,2,5,7,8]. Magnetic resonance
angiography has the ability to produce images of the neck
and head simultaneously and to detect early cerebral
infarction without the use of contrast [1,5,8,9].

In the 1990's, studies using angiography as a diagnostic
method in populations at risk for BCVI demonstrated
that these lesions are rare, corresponding to 1% of all
blunt traumas admitted to hospital. Due to limited expe-
rience with BCVI in trauma centers, standardized diag-
nostic and therapeutic approaches to these injuries have
not been established. Furthermore, the current approach
to BCVI classification has not been unanimously
accepted. These limitations have restricted the develop-
ment of a practical, safe, and universal approach to han-
dling BCVI cases [5]. Although BCVI treatment
approaches are debated, all current modalities of treat-
ment, whether clinical or endovascular, depend on the
clinical situation, the experience of the medical team,
and, above all, the exact characterization of the location
and severity of the lesion using an appropriate diagnostic
method.

Objective

To evaluate the accuracy of criteria used to recommend
angiotomography in the diagnosis of cervical BCVI in
100 patients with blunt cervical trauma in the trauma ser-
vices section of a Brazilian quaternary care hospital.

Materials and methods

The current study was approved by the Ethics Committee
for Analysis of Research Projects - CAPPesq of the Hos-
pital das Clinicas da Faculdade de Medicina da Universi-
dade de Sao Paulo. It is based on data obtained from
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medical records of patients who suffered blunt trauma
and were admitted to the Emergency Department of the
Hospital das Clinicas da Faculdade de Medicina da Uni-
versidade de Sdo Paulo (HCFMUSP) from July 2006 to
December 2008 using clinical and/or radiographic data
that indicated a potential risk of BCVL

Inclusion criteria in the current study were designed
based on eleven previously published criteria. The fol-
lowing inclusion criteria were used for cervical angioto-
mography: 1) unilateral neurological deficit not justified
by CT of the skull; 2) cerebral infarction identified in the
CT of the skull; 3) nonexpanding cervical hematoma; 4)
epistaxis; 5) anisocoria/signs of Horner syndrome; 6)
score lower than eight on the Glasgow coma scale with-
out supporting findings on the CT of the skull; 7) cervical
spine fracture; 8) fracture of the base of the skull; 9) frac-
ture of facial bones with a LeFort II and/or III classifica-
tion; 10) signs of a seatbelt positioned above the clavicle;
and 11) cervical tremor or blow.

The patients underwent cervical angiotomography if
they were hemodynamically normal. All angiotomogra-
phies were performed using a GE, Light Speed Ultra,
multi-slice helical CT Scanner with 8 slices per rotation.

The following BCVI alterations were classified accord-
ing to degrees of severity from one to five: 1) Grade I,
luminal irregularities of the artery or dissections with
stenosis comprising less than 25% of the lumen; 2) Grade
II, dissections or intramural hematomas with stenosis
greater than or equal to 25% of the lumen, the intralumi-
nal thrombus, or the raised patches in the intima; 3)
Grade III, pseudoaneurysm; 4) Grade IV, occlusions; and
5) Grade V, sections with hemorrhaging. Fistulas were
classified separately.

Age, sex, trauma mechanisms, and vital signs were
obtained during the initial treatment of the trauma
patient, and the respiratory rate (RR), heart rate (HR),
arterial O, saturation, arterial pressure (AP), and Glasgow
coma scale score were analyzed. The revised trauma
score (RTS) and injury severity score (ISS) of the lesion
were determined, and the probability of survival based on
the trauma injury severity score (TRISS) was calculated
based on the correlation between the RTS, the ISS of the
lesion, the trauma mechanism, and the age of the patient.

All of these indices were calculated in the patient popu-
lations without BCVI (Group I) and with BCVI (Group
II). The data is presented as means and standard devia-
tions of the means, and the statistical analyses were per-
formed using Chi-Squared and Fisher's Exact tests, and
the Mann-Whitney test; p-values < 0.05 were considered
statistically significant.

Results
In the 30-month period of the current study, which took
place from July 2006 to December 2008, a total of 2,467
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blunt trauma patients were admitted to the Emergency
Surgery Service of the III Division of Clinical Surgery of
Hospital das Clinicas da Faculdade de Medicina da Uni-
versidade de Sao Paulo. Out the 2,467 blunt trauma
patients, 100 presented criteria for inclusion in the study
and underwent cervical angiotomography. Out of these
100 patients, 61 were scanned immediately after clinical
evaluation in the emergency room and 39 were scanned
after hemodynamic stabilization.

The time that elapsed between admission and the cer-
vical angiotomography procedure, which varied from one
to 18 days, was analyzed and no statistically significant
difference was found between Groups I and II (Table 1).
In the group of 100 patients, angiotomography identified
77 patients without BCVI (Group I) and 23 patients with
BCVI (Group II). The incidence of BCVI represented
0.93% of the total of the patients diagnosed with blunt
trauma during the 30-month period. The average age of
the total population of 100 patients was 34.81 years with a
standard deviation of 14.84 years and a variation of 7 to
77 years. In the group of 77 patients without BCVI
(Group I), the average age was 35.43 + 15.49 years; in the
group of 23 patients with BCVI (Group II), the average
age was 32.74 + 12.51 years.

Of the total population of 100 patients, 85 (85%) were
male and 15 (15%) were female. Of the 85 male patients,
68 did not present with BCVI (Group I), and 17 did pres-
ent with BCVI (Group II). Of the 15 female patients, nine
did not present with BCVI (Group I) and six did present
with BCVI (Group II). There was no statistically signifi-
cant difference between Groups I and II with regard to
sex or age.

The mechanisms of trauma for the total population of
100 patients included: motor vehicle collisions (49
patients); car-pedestrian accidents (24 patients); aggres-
sion (4 patients); falls from heights (18 patients); and
other mechanisms (5 patients). In the group of 77
patients without BCVI (Group I), the distribution of
trauma mechanisms was: motor vehicle collisions (36
patients); car-pedestrian accidents (20 patients); aggres-
sion (4 patients); falling from heights (14 patients); and
other mechanisms (3 patients). In the group of 23
patients with BCVI (Group II), the distribution of trauma
mechanisms was: motor vehicle collisions (13 patients);
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car-pedestrian accidents (4 patients); aggression (no
patients); falling from heights (4 patients); and other
mechanisms (2 patients). There was no statistically signif-
icant difference between Groups I and II with regard to
the mechanisms of trauma.

Vital sign values for the total population of 100 patients
collected during the initial assessment in the emergency
room were: systolic blood pressure (SBP) of 123.09 +
22.93 mm Hg, diastolic blood pressure (DBP) of 77.91 +
19.94 mm Hg, respiratory rate (RR) of 15.82 + 11.05 irpm,
heart rate (HR) of 98.91 + 21.87 bpm, and arterial satura-
tion of O, of 93.23 + 7.94%. Patients without BCVI
(Group I) had an average SPB of 123.35 + 23.61 mm Hg,
and patients with BCVI (Group II) had an average SPB of
122.22 + 20.96 mm Hg. Patients in Group 1 had an aver-
age DBP of 79.16 + 18.29 mm Hg, and patients in Group
II had an average DPB of 73.74 + 24.69 mm Hg. Patients
in Group I had an average RR of 16.35 + 12.88 irpm, and
patients in Group II an average RR of 14.04 + 3.96 irpm.
Patients in Group I had an average HR of 97.92 + 20.13
bpm, and patients in Group II had an average HR of
102.22 + 27.17 bpm. Patients in Group I had an average
arterial saturation of O, of 93.08 + 8.17 mm Hg, and
patients in Group II had an average arterial saturation of
0, 0f 93.74 + 7.28 mm Hg. There was no statistically sig-
nificant difference between Groups I and II with regard to
SBP, DBP, RR, HR, or arterial saturation of O, (Table 2).

Trauma indices for the 100 emergency room patients
included in the cranial angiotomography study were: 1)
Glasgow coma scale score 8.19 + 3.96, 2) RTS 6.09 + 1.45,
3) ISS 25.97 + 16.15, and 3) TRISS 80.14 + 24.46. Patients
without BCVI (Group I) had an average Glasgow coma
scale score of 8.14 + 4.02, and patients with BCVI (Group
II) had an average Glasgow coma scale score of 8.35 +
3.86. Patients in Groups I and II presented with an aver-
age RTS of 6.10 + 1.45 and 6.05 + 1.45, respectively.
Patients in Groups I and II showed an average ISS of
23.13 + 12.32 and 35.48 + 22.94, respectively. Patients in
Groups I and II presented with an average TRISS of
83.97% + 21.16% and 67.30% * 30.34%, respectively. The
ISS and TRISS values for Groups I and II were statistically
significantly different (Table 3).

Table 1: Time between admission and cervical angiotomography according to whether BCVI were absent (Group I) or
present (Group Il) in the 100 patients selected for cranial angiotomography.

Time Group Total p-value
I (without Injury) Il (with injury)

Immediate 49 (63.6%) 12(52.2%) 61 (61%) 0.3227

Not immediate 28 (36.4%) 11 (47.8%) 39 (39%)

Total 77 100
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Table 2: Vital signs in 100 patients that underwent cervical angiotomography.
Groups Total p-value
I (without Injury) Il (with injury)
SBP (mm Hg)
Average + SD 123.35+23.61 122.22 £20.96 123.09 £22.93 0.6830
Median 127 120 127
Minimum - Maximum 60 - 165 85-160 60 - 165
DBP (mm Hg)
Average + SD 79.16 +18.29 73.74 £ 24.69 77.91+£19.94 0.1851
Median 80 70 80
Minimum - Maximum 30-120 19.13-130 19.13-130
RR (irpm)
Average = SD 16.35+12.38 14.04 £ 3.96 15.82+11.05 0.9606
Median 14 15 15
Minimum - Maximum 0-115 5-20 0-115
HR (bpm)
Average + SD 97.92+£20.13 102.22 £27.17 98.91 +21.87 0.2125
Median 95 100 96
Minimum - Maximum 45-145 14-150 14-150
Arterial Saturation of O, (%)
Average + SD 93.08 +8.17 93.74+7.28 93.23+7.94 0.7633
Median 96 96 96
Minimum - Maximum 50-100 70-99 50-100
Total 77 23 100

SBP, systolic blood pressure; DBP, diastolic blood pressure; RR, respiratory rate; and HR, heart rate.

The number of times that the inclusion criteria were
present in the total population of 100 patients included:
44 with fractured facial bones (44%), including 14 LeFort
II (14%), 18 LeFort III (18%), and 12 simultaneous LeFort
II and III (12%); 37 with fractured cervical vertebra (37%);
24 with anisocoria/signs of Horner Syndrome (24%); 13
with a score below eight on the Glasgow coma scale with-
out finding justification on the CT of the skull (13%); 14
with a fracture of the base of the skull 14 (14%); 12 with a
nonexpanding cervical hematoma (12%); nine with
epistaxis (9%); three with unilateral neurological deficits
unexplained after cranial CT scan (3%); four with cerebral
infarction identified on tomography (4%); and none
showed signs of seatbelt marks above the clavicle (0%).

In the Group I patients, the number of times that the
inclusion criteria were present was as follows: 33 with
fractured facial bones (42.90%), including 11 LeFort II
(14.30%), 14 LeFort III (18.20%), and eight simultaneously
LeFort IT and III (10.40%); 30 with fracture of the cervical
vertebra (39%); 18 with aniscoria/signs of Horner Syn-
drome (23.40%); 11 with a score lower than eight on the
Glasgow coma scale without finding justification on the

CT of the skull (14.30%); 12 with fracture of the base of
the skull (15.60%); 11 with nonexpanding cervical hema-
tomas (14.30%); six with epistaxis (7.8%); three with uni-
lateral neurological deficit unexplained after cranial CT
scan (3.90%); two with cerebral infarction identified on
tomography (2.60%); and none showed signs of seatbelt
marks above the clavicle, cervical blow, or shock.

In the Group II patients, the number of times that the
inclusion criteria were present was follows: 11 with frac-
tured face bones (47.80%), including three LeFort II
(13%), four LeFort III (17.40%), and four simultaneously
LeFort II and III (17.40%); seven with fracture of the cer-
vical vertebra (30.40%); six with aniscoria/signs of Horner
Syndrome (26.10%); two with a score lower than eight on
the Glasgow coma scale without finding justification on
the CT of the skull (8.70%); two with fracture of the base
of the skull (8.70%); one with nonexpanding cervical
hematoma (4.30%); three with epistaxis (13%); none with
unilateral neurological deficits unexplained after cranial
CT scan (0%); two with cerebral infarction identified on
tomography (8.70%); none with signs of seatbelt marks
above the clavicle, cervical blow, or shock.
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Table 3: Index of severity in the 100 patients that underwent cervical angiotomography.
Groups Total p-value
I (without Injury) Il (with injury)
GCS
Average + SD 8.14 £4.02 8.35+3.86 8.19 £3.96 0.6818
Median 7 8 7
Minimum - Maximum 3-15 3-15 3-15
Total 77 23 100
RTS
Average = SD 6.1+1.45 6.05+1.45 6.09 = 1.45 0.8205
Median 5,967 6 5,983
Minimum - Maximum 3-8 3,221-8 3-8
Total 77 23 100
ISS
Average + SD 23.13+12.32 35.48 +22.94 2597 +£16.15 0.0149*
Median 22 27 22
Minimum - Maximum 6-75 6-75 6-75
Total 77 23 100
TRISS
Average + SD 83.97 £ 21.16 67.3 £30.34 80.14 + 24.46 0.0235*
Median 94 74 93
Minimum - Maximum 3-100 5-99 3-100
Total 77 23 100

GCS, score on the Glasgow Coma Scale; RTS, revised trauma scale score; ISS, injury severity score; and TRISS, trauma injury severity score,
which shows the probability of survival based on the correlation between the revised trauma score, the severity score of the injury, the
mechanism of trauma, and the age of the patient. *Indicates a statistically significant difference.

The statistical analyses were performed by correlating
the inclusion criteria of the total population of 100
patients by comparing Groups I and II. There were no
statistically significant differences between Groups I and
1L

In the 23 patients of Group II, 12 carotid artery injuries
were identified, including: one injury of the common
right carotid artery (8.33%); six injuries of the right inter-
nal carotid artery (49.93%); and four injuries of the left
internal carotid artery (33.33%). Eleven patients had inju-
ries of the vertebral arteries: eight on the left side (72.7%),
two of which had concomitant injuries of the subclavian
artery, and three on the right side (27.2%).

None of the patients presented with both carotid and
vertebral injuries. Four patients showed vascular injuries
that extended beyond the topography of the cervical
region: one patient had an injury of the meningeal artery;
one patient had an injury of the occipital arteries, maxilar
and facial; one patient had thrombosis of the right trans-
verse sinus and right sigmoid sinus; and one patient had a
pseudoaneurysm of the spinal artery.

The distribution of the 23 patients in Group II with
BCVI based on the degree of injury severity included:
seven patients with Degree I injuries, ten patients with
Degree II injuries, four patients with Degree IV injuries,
one patient with a Degree V injury, and one patient with a
carotid fistula (Table 4).

The treatment of the 23 patients in Group II with BCVI
was as follows: 15 patients underwent anticoagulation
therapy with heparin (two of the 15 patients also under-
went open heart surgery to correct only the subclavian
artery injuries), two patients were only observed, and six
patients were treated using endovascular methods (one
patient underwent collocation of a stent, and five patients
underwent gelfoam embolization).

Of the 77 patients in Group I, who did not exhibit
BCVI, 14 patients died (18.1%) and 63 patients survived
(81.8%). Out of the 63 surviving patients, 16 showed
sequelae of trauma (25.3%), and six had other complica-
tions (9.52%). The sequelae of the trauma in the 16 Group
I patients included: two with paresthesias, two with tetra-
plegias, five with paresis, and seven with hemiplegias.
The complications in the six patients of Group I included:
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respiratory failure in one patient, hemodynamic instabil-
ity in one patient, sepsis in one patient, deep vein throm-
bosis in one patient, acute renal failure in one patient, and
multiple organ failure in one patient.

Of the 23 patients in Group II, who presented with
BCVI, seven patients died (30.4%) and 16 patients sur-
vived (69.5%). Of the 16 surviving patients, 10 had seque-
lae, including brachial plexus injury in one patient,
paresthesia in one patient, tetraplegias in three patients,
and paresis in five patients. One patient had complica-
tions during the hospitalization, including deep vein
thrombosis.

The mortality rate among the 100 patients of the study
was 21%. When comparing the mortality rates between
Groups I and II, there was no statistically significant dif-
ference. A statistically significant difference was observed
when comparing TRISS values between the group of 79
patients that survived and the group of 21 patients that
died (Table 5). A statistically significant difference was
not identified when comparing the actual percentage of
survivors in Groups I and II with their respective proba-
bilities of survival calculated by the TRISS score (Table 6).

Discussion

It is notable that the large majority of the 100 patients in
the current study showed trauma to various body seg-
ments with diffuse pain, which is supported by the aver-
age ISS of nearly 26 and is characteristic of severely ill
people. Furthermore, 44 of the patients had fractures of
the facial bones, which is also a source of pain. On the
other hand, out of the total of 100 patients, 24 had aniso-
coria/signs of Horner syndrome; 12 had cervical hemato-
mas; and nine had epistaxis. However, only four
presented with cerebral infarction identified in a CT scan
of the cranium. Therefore, the pain, signs of bleeding, and
signs of Horner syndrome are valuable and should be
considered.

Multicenter trials performed in the 1990's identified an
incidence of 0.08% and 0.017% of BCVI in specialized
trauma care hospitals [2,7-9]. In other studies, the
reported BCVI incidence was higher, ranging from 0.24%
to 0.50% [3,4]. A recent study reported BCVI incidence
rates of up to 1.0% [10]. The authors of this recent study
argue that the incidence has increased due to enhanced
diagnosis associated with more specific screening in
patients with asymptomatic cranial and neck trauma
without cerebral ischemia. In the current study, the inci-
dence of BCVI in 100 asymptomatic patients, who were
admitted during a 30-month period, was 0.93%.

A retrospective study by Fabian et al. spanning 11 years
analyzed patients with carotid artery injuries resulting
from blunt trauma and identified one or more risk factors
that could be used in future studies to identify patients
with BCVI in advance of cerebral ischemia [3]. Biffl et
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al.[11] selected asymptomatic patients using seven risk
criteria for cervical vessel injury and observed an increase
in the incidence of BCVI of between 0.1% to 1.1% over a
two and a half year period.

The employment of criteria to identify patients with
BCVI should lead to an increased incidence of cervical
vessel injury diagnosis. On the other hand, the use of
more specific imaging methods that are less invasive or
noninvasive, such as angiotomography or angioresonance
imaging, will inevitably raise the cost of trauma care. Ide-
ally, the most frequently occurring criteria should be
identified and a limited number of criteria for screening
should be used to improve the rate of diagnosis without
excessive cost increases.

In the current study, 11 inclusion criteria were selected
to identify trauma patients with BCVI. These criteria
included clinical signs and symptoms and alterations
identified in simple radiographs. The overall goal of the
current study was to analyze related criteria used in pre-
vious studies to determine which criteria were most pre-
dictive of BCVI. Unfortunately, we did not identify any
criteria that distinguished between the patient groups
with and without BCVL

The current study also examined the number of BCVI
criteria met by each patient. Out of the 23 patients with
BCVI, there was no significant relationship between the
number of BCVI criteria met and BCVI occurrence. It is
possible that a future study with a larger patient group
would conclude that the use of multiple criteria is not
necessary. However, based on the results of the current
study, we conclude that all 11 criteria should be used to
identify BCVI in blunt trauma patients.

Biffl et al. studied problems associated with BCVI over
a period of 9 years. One of the objectives of that study was
to identify associated or independent risk criteria that
could cause BCVI [1,2,6,7]. Through multivariate analysis
of the criteria used, they found that a score less than or
equal to 6 on the Glasgow coma scale, a petrous bone
fracture, diffuse axonal injury, and LeFort II or III type
facial fractures correlated significantly with carotid and
vertebral artery injuries caused by blunt trauma. Fracture
of cervical vertebrae was identified as a unique predictive
risk criteria and was independent of vertebral artery
injury in blunt trauma. Previous Brazilian studies have
not defined BCVI incidence or associated risks. In the
current study, we identified a 0.93% incidence of BCVI in
a group of 100 blunt trauma patients, but we did not
identify any specific risk factor that was more predictive
than the others.

A study of risk factors associated with vertebral artery
injuries argues that only patients with cervical spine dis-
location fractures that extend to the transverse foramen
and patients with fractures of the vertebrae from C1 to
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C3 should be studied in systematic trauma service clinical
trials [12].

In the current study, the average Glasgow coma scale
score of the 100 patients was nearly 9, and a significant
difference was not observed between patients with and
without BCVI. The average RTS of the population of 100
patients was approximately 6, and a statistically signifi-
cant difference was not detected between Groups I and II.

In contrast, the average ISS of the 100 patients was
approximately 26, with an average ISS of 23 for patients
without BCVI (Group I), and an average ISS of 35.5 for
patients with BCVI (Group II). Group II showed a statis-
tically significantly higher ISS average, indicating greater
severity. A similar result was seen with regard to the
probability of survival as observed using TRISS. The
probability of survival was significantly lower among
Group II patients (67%) than among Group I patients
(84%), and the average probability of survival among all
100 patients was 80% (Table 5). Mortality among all 100
patients was 21%, mortality for Group I was 18%, and
mortality for Group II was 30.5%. A comparison between
the actual survival percentage and the predicted survival
percentage calculated by TRISS showed that they were
not statistically significantly different (Table 6).

There are several aspects of angiotomography that
make it very useful tool for studying BCVI, especially in
asymptomatic patients. A key aspect of angiotomography
is that the vast majority of patients for which cervical
artery study is indicated also require tomography to
investigate other injuries. As a result, the patient does not
require an additional referral to study the cervical vessels.
Angiotomography of the carotid and vertebral arteries
would then be analyzed together with other injuries, such
as cerebral injury, fractures of the face or base of the skull,
and injuries of other cervical region structures, such as
the vertebral column.

In the current study, all 100 patients underwent cervical
angiotomography and no abnormalities were identified in
the images, demonstrating a high degree of confidence in
the resolution. Carotid and vertebral artery injuries were
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identified in 23 patients (23%). Of the 23 BCVI patients
that underwent angiotomography, six (26%) underwent
angiography for therapeutic procedures (five emboliza-
tions and one collocation of a stent). One patient out of
the 77 that did not show BCVI suffered acute renal fail-
ure, caused by the use of contrast, but recovered without
permanent sequelae.

The reported occurrence of carotid and vertebral artery
injury with blunt trauma is highly variable among pub-
lished studies. The major confounding factor is that the
vast majority of cases show separate studies of the carotid
and vertebral arteries. Few studies have reported the
simultaneous investigation of all four arteries. One such
study by Miller et al. performed angiography in 216
patients with risk factors for cervical artery injuries over a
period of two years; they identified 24 patients with
carotid artery injuries (11.11.%) and 43 patients with ver-
tebral artery injuries (19.71%) [10]. Another study carried
out by McKinney et al. performed angiography on 71
patients with risk factors for cervical artery injuries over
the course of 13 months; they identified 12 patients with
carotid artery injuries (16.67%) and 12 patients with ver-
tebral artery injuries (16.67%) [13].

In the current study, 12 out of the 100 patients with risk
factors for carotid and vertebral artery injuries were diag-
nosed with vertebral injuries. The results of the current
study are very similar to those of McKinney et al., with
only a slightly smaller incidence of carotid and vertebral
injury in the current study. McKinney et al. studied 24
patients with carotid and vertebral injuries and identified
10 patients with Degree I injuries, four patients with
Degree II injuries, eight patients with Degree III injuries,
two patients with Degree IV injuries, and no patients
with Degree V injuries [13]. In the current study we iden-
tified seven patients with Degree I injuries, ten patients
with Degree II injuries, no patients with Degree III inju-
ries, four patients with Degree IV injuries, one patient
with Degree V injuries, and one patient with a fistula.

Fabian et al. studied 67 patients with 87 carotid injuries,
including 54 dissections, 11 pseudoaneurysms with dis-

Table 4: Degree of carotid and vertebral artery injuries in the 23 patients comprising Group .

Degree of arterial injury Vertebral arteries Carotid arteries Total
Degree | 4 3 7
Degreelll 5 5 10
Degree lll - - -
Degree IV 2 2 4
Degree V - 1 1

Thrombosis - - -
Fistula - 1 1
Totals 1 12 23
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Table 5: Comparison of the probability of survival by TRISS among the patients that survived (79) or died (21).

TRISS Death Total p-value

No Yes

Average = SD 85.13 £ 19.66 61.38+314 80.14 + 24.46 0.0004*

Median 94 93

Minimum-Maximum 9-100 3-99 3-100

Total 79 100

*Indicates a statistically significant difference.

sections, 17 thromboses, four carotid-cavernous fistulas,
and one transection. The patients were treated in the fol-
lowing manner: the fistulas were embolized with a bal-
loon, the transection was clamped, 47 of the patients
were treated with heparin, eight patients were only
observed, six patients received aspirin, and one patient
was submitted for surgery. In that study, the group of
patients that received heparin showed greater improve-
ment than those who did not receive heparin. The com-
plications that occurred in patients who received heparin
included: gastrointestinal hemorrhage, hemorrhage of
the hepatic artery, tracheal hemorrhage, two subdural
hematomas that required surgery, and worsening of a
ventricular hemorrhage. Subsequently, when 39 patients
were reexamined, 62% showed normalization of the
injury and 29% had developed a pseudoaneurysm [3].
Biffl et al. identified 114 patients with 157 injuries of
the carotid arteries, and 79 patients with 97 vertebral
artery injuries. In that study, 137 were Degree I injuries;
52 were Degree Il injuries; 32 were Degree III injuries, 25
were Degree IV injuries; and eight were Degree V inju-
ries. One week after trauma, 114 carotid injuries and 65
vertebral injuries were reevaluated with angiography, and
82% of the Degree IV injuries and 93% of the Degree III
injuries showed no change. In contrast, 57% of the Degree
I injuries and 8% of the Degree II injuries regressed to
complete normality and treatment was discontinued.
However, 8% of the Degree I injuries and 43% of the
Degree II injuries worsened and developed pseudoaneu-
rysms, requiring interventional treatment. Biffl et al. con-

cluded that follow-up angiography can change the
treatment in up to 61% of Degree I and II injuries [14].

In 2005, Cothren et al. published a prospective study
and verified that patients who presented with a carotid
pseudoaneurysm and were treated with a stent repre-
sented 21% of complications by occlusion of up to 45%.
On the contrary, patients who were treated with an anti-
thrombotic agent represented 5% of arterial occlusions.
None of the asymptomatic patients had arterial obstruc-
tions with antithrombotic agents. Cothren et al. con-
cluded that treatment with antithrombotic agents
remains the best therapeutic option and that the use of
stents remains controversial [15]. In 2008, Berne et al.
defended the use of stents in the carotid artery as being a
safe and effective initial therapy for patients with pseudo-
aneurysms without carotid obstruction. The incidence of
morbidity up to four years was very small [16].

The ability to treat patients with improved neurological
results is the desire of all trauma teams, however clinical
complexities are associated with every patient. In the cur-
rent study, 15 patients underwent treatment with hepa-
rin: five patients were treated with non-fractionated
heparin, and 10 patients were treated with fractionated
heparin. Of the three patients that died, two were the
result of brain death. Four out of the eight patients not
treated with heparin died, and two were due to brain
death. Two patients were observed clinically, and six
patients underwent endovascular treatment. In summary,
17 patients were treated clinically and six patients were
treated using endovascular methods. No complications
occurred in patients treated clinically with heparin or in

Table 6: Comparison between the actual percentage of survivors with the predicted percentage of survivors calculated by

TRISS.
Group n Death Survival Probability of survival Y4 p-value
(actual) (actual) (Average TRISS)
Without carotid and vertebral artery 77 18.18% 81.82% 83.97% 0.34 0.7318
injuries (Group 1)
With carotid and vertebral injuries 23 30.43% 69.57% 67.30% 0.01 0.9928

(Group II)
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patients who underwent endovascular treatment. Taken
together, the results of the current study suggest that
treatment decisions should be made based on the experi-
ence of the clinicians and on the clinical and neurological
status of the patient.
In summary, the results of this study indicate that:
1. The incidence of carotid and vertebral artery inju-
ries in blunt trauma was 0.93%.
2. Patients with carotid and vertebral artery injuries
showed higher severity indices than those without
carotid and vertebral injuries, but showed similar
mortality rates.
3. Based on the eleven primary criteria analyzed in
the current study, a clear set of criteria for the indica-
tion of angiotomography remains to be established.

Conclusions

Although there is no consensus regarding the criteria that
should be used to indicate angiotomography for BCVI
diagnosis in blunt trauma patients, we conclude that the
criteria used in the current study led to a diagnosis of
BCVI in 0.93% of 2,467 trauma patients, BCVI injuries
were associated with more severe traumas and did not
affect mortality.
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