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Objective
To determine the benefit of screening for blunt carotid arterial
injuries (BCI) in patients who are asymptomatic.

Summary Background Data

Blunt carotid arterial injuries have the potential for devastating
complications. Published studies report 23% to 28% mortality
rates, with 48% to 58% of survivors having permanent severe
neurologic deficits. Most patients have neurologic deficits
when the injury is diagnosed. The authors hypothesized that
screening patients who are asymptomatic and instituting early
therapy would improve neurologic outcome.

Methods

The Trauma Registry of the author’s Level | Trauma Center
identified patients with BCI from 1990 through 1997. Be-
ginning in August 1996, the authors implemented a screen-
ing for BCI. Arteriography was used for diagnosis. Patients
without specific contraindications were anticoagulated. En-
dovascular stents were deployed in the setting of pseudoa-
neurysms.

Results

Thirty-seven patients with BCI were identified among 15,331
blunt-trauma victims (0.24%). During the screening period, 25
patients were diagnosed with BCl among 2902 admissions
(0.86%); 13 (52%) were asymptomatic. Overall, eight patients
died, and seven of the survivors had permanent severe neuro-
logic deficits. Excluding those dying of massive brain injury and
patients admitted with coma and brain injury, mortality associ-
ated with BCl was 15%, with severe neurologic morbidity in 16%
of survivors. The patients who were asymptomatic at diagnosis
had a better neurologic outcome than those who were symp-
tomatic. Symptomatic patients who were anticoagulated
showed a trend toward greater neurologic improvement at the
time of discharge than those who were not anticoagulated.

Conclusions

Screening allows the identification of asymptomatic BCl and
thereby facilitates early systemic anticoagulation, which is as-
sociated with improved neurologic outcome. The role of en-
dovascular stents in the treatment of blunt traumatic
pseudoaneurysms remains to be defined.

Blunt carotid arterial injuries (BCI) have the potential for
devastating complications. In 1980, Krajewski and Hertzer'
reviewed the literature and reported data on 96 patients,
including the early series of Yamada et al.? Simultaneously,
Perry et al.> described a series of 17 patients from Cornell
University. These studies established the danger of BCI,
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with a collective 28% mortality rate, and 58% of the survi-
vors having permanent severe neurologic deficits. More
recent multicenter reviews corroborated mortality and mor-
bidity rates of 23% and 48%, respectively, and also sug-
gested that the incidence of BCI is approximately 1 in 1000
patients’ requiring hospitalization after blunt trauma.*~’ As
a result of its relative infrequence, most institutions have
limited experience with BCI; consequently, many issues
remain unresolved. In 1996, Fabian et al.® published the
largest single-institution series to date. Among their 67
patients with BCI, mortality was 31% and neurologic mor-
bidity was 37%. This seminal report demonstrated im-
proved neurologic outcome associated with the use of sys-
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temic anticoagulation. Unfortunately, 93% of the patients in
the Memphis series already had neurologic symptoms at the
time of BCI diagnosis. Recognizing that BCI often mani-
fests after a latent period of variable duration, we hypoth-
esized that aggressive screening would identify BCI in the
asymptomatic phase or with mild neurologic changes, al-
lowing institution of therapy and thereby decreasing neuro-
logic morbidity. Herein we report our experience with BCI
during the past 8 years, including the most recent period in
which we screened patients for BCI aggressively.

METHODS
Patients

Denver Health Medical Center is a certified urban Level
I Trauma Center with Pediatric Commitment and serves as
the Rocky Mountain Regional Trauma Center for Colorado
and adjoining regions. The number of trauma admissions
during the study period (January 1990-December 1997)
was stable, with a mean of 3200 patients per year, of which
86% resulted from blunt injury mechanisms. Our trauma
registry records patients at the time of their hospitalization
and was used to identify patients diagnosed with BCL.

Diagnosis

In all cases, the diagnosis of BCI was confirmed angio-
graphically. Patients with hemorrhage of presumed carotid
origin; cervical bruits; signs or history of external cervical
trauma with altered mental status; lateralizing neurologic
deficits including hemiparesis, transient ischemic attacks,
amaurosis fugax, or Horner’s syndrome; neurologic deficits
incongruous with computed tomography (CT) scan find-
ings; or evidence of cerebral infarction on CT underwent
four-vessel cerebral angiography. In August 1996, we began
to screen patients who were asymptomatic for BCI. Screen-
ing criteria included an injury mechanism compatible with
severe hyperextension or flexion and rotation of the neck;
significant soft-tissue injury of the anterior neck; cervical
spine fracture; displaced midface fracture or mandibular
fracture associated with a major injury mechanism; and
basilar skull fracture involving the sphenoid, mastoid, pe-
trous, or foramen lacerum. Follow-up angiography was
performed within 7 to 10 days, when possible, to evaluate
efficacy of the initial therapy.

Treatment

Before 1994, patients were managed expectantly with
one exception; this patient who had an accessible lesion
underwent graft replacement of the injured common carotid
artery. Subsequent to 1994, patients with surgically inac-
cessible lesions and no contraindications underwent antico-
agulation systemically.* A continuous infusion of heparin
was administered to maintain the partial thromboplastin
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time at 60 to 70 seconds. Patients who had a specific
contraindication to systemic anticoagulation were given an-
tiplatelet agents, low-dose subcutaneous heparin, or were
not treated. Self-expanding endovascular stents (Wallstent,
Schneider, Minneapolis, MN) were deployed for persistent
pseudoaneurysms.

Outcome

Neurologic function of the patients who survived was
classified in the following manner: major deficit (institu-
tionalized or requiring assistance with at least some activi-
ties of daily living), minor deficit (independent in activities
of daily living but with residual sensorimotor or cognitive
deficit), or normal.

Statistics

Data were managed with Microsoft Excel V. 7.0 software
(Microsoft, Redmond, WA). Statistical analysis was per-
formed on an IBM-compatible personal computer using
SPSS V. 8.0 for Windows (SPSS, Chicago, IL). Continuous
data are expressed as mean * the standard error of the
mean. Means of continuous data were compared using Stu-
dent t test. Categorical data were compared using Fisher
exact test or chi square analysis, where appropriate.

RESULTS
Incidence of BCI

During the 8-year study period we admitted 15,331 pa-
tients who experienced blunt trauma; 37 patients were di-
agnosed with BCI, for an overall incidence of 0.24%. Of the
37 patients, 28 (76%) were male and the mean age was
35.1 * 2.8 years (range, 12-81 years). The average injury
severity score was 28.1 * 3.4 (range, 9-75 years). Mech-
anism of injury was motor vehicle crash in 15 (41%), fall
and pedestrian struck in 5 (14%) each, motorcycle crash in
4 (11%), and other mechanisms (ski, horseback, bicycle and
construction accidents; assault, and near-hanging) in 8 pa-
tients (22%). Associated injuries included closed head in-
jury in 24 (65%), facial fractures in 22 (60%), thoracic
injuries in 19 (51%), basilar skull fractures in 12 (32%),
extremity fractures in 12 (32%), intraabdominal injuries in
11 (30%), and pelvic fractures in 6 (16%). Only two patients
(5%) had cervical spine fractures, and six patients (16%)
had no significant associated injuries.

A variety of injury types were observed; 22 patients had
unilateral BCI (14 right, 8 left) and 15 (41%) had bilateral
injuries. One was localized in the proximal internal carotid
artery (ICA), and the remainder involved the ICA at or
above the base of the skull. Dissection alone was present in
20 patients and pseudoaneurysm alone in 2. Six patients had
combined dissection and pseudoaneurysm, four had carotid
occlusion, three had carotid-cavernous sinus (C-C) fistula
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Table 1. BCI SIGNS AND SYMPTOMS AT DIAGNOSIS, STRATIFIED BY YEAR
Signs/Symptoms 1990 1991 1992 1993 1994 1995 <8/96 >8/96 1997
Lateralizing deficit 1 1 1 0 0 2 3 0 5
Hemorrhage 0 1 1 1 0 1 0 0 2
Coma 0 0 0 0 0 0 0 1 4
Asymptomatic 0 0 0 0 0 0 0 4 9

BCI = blunt cartoid arterial injuries.

(one in combination with bilateral dissections), and two had
carotid rupture.

Before the institution of aggressive screening in August
1996, we identified 12 BCI among 12,429 patients (0.1%).
All 12 patients diagnosed with BCI had lateralizing signs or
symptoms at the time of diagnosis (Table 1). During the
subsequent aggressive screening period, we identified 25
patients with BCI among 2902 patients (0.86%). Only 7
(28%) of these 25 patients had lateralizing signs or symp-
toms. Five additional patients had severely depressed men-
tal status with concomitant head injury, which in the past
would not have prompted further diagnostic evaluation. Of
the 24 patients who were symptomatic, 7 (29%) first man-
ifested symptoms 24 or more hours postinjury, and 2 be-
came symptomatic after 1 week. The remaining 13 patients
in the series constitute the “asymptomatic” group. Of these,
seven patients had subtle alterations in mental status (e.g.,
confusion, lethargy), and six were asymptomatic neurolog-
ically. Of the seven with subtle neurologic changes, five had
abnormal brain CT scans (swelling, contusion, or subdural
hematoma), which easily explained their mental status
changes. Table 2 displays neurologic outcome stratified by
symptoms at the time of diagnosis of BCI. The presence of
symptoms at the time of BCI diagnosis was associated with
worse neurologic outcome (p < 0.05).

Management of BCI

One patient had an accessible lesion repaired via op-
erative graft replacement. Twenty-four patients (65%)
underwent systemic anticoagulation with heparin; 10 of

Table 2. NEUROLOGIC OUTCOME
STRATIFIED BY SYMPTOMS

Major Minor
Symptoms Dead Deficit Deficit Normal
Asymptomatic* 1 1 0 11
n=13
Symptomatic 7 6 5 6
n=24

* p < 0.05 compared with symptomatic group.

these had additional endovascular stent placement on
postinjury day 2 through 30. Eleven patients (30%) had
no therapeutic intervention. Two patients had attempted
embolization of a C-C fistula but exsanguinated during
the procedure. Neurologic outcome stratified by the use
of anticoagulation is displayed in Table 3. Four patients
sustained devastating injuries and died within 24 hours;
they were excluded from the analysis because treatment
would not have made a difference in their outcome. There
was no statistical difference in the outcome attributable
to the use of systemic anticoagulation. The symptomatic
patient group was analyzed separately to determine the
effect of anticoagulation on the change in neurologic
function from diagnosis to discharge (Table 4). Again,
the patients who died within 24 hours of injury were
excluded from the analysis. There was a trend toward
greater improvement among those patients treated with
systemic anticoagulation. While anticoagulated, 13 of 14
patients (93%) improved or were unchanged, compared
with 4 of 6 (67%) of those who were not anticoagulated.

Of the 13 patients who were asymptomatic, 10 underwent
anticoagulation; 9 of the 10 were discharged with normal
neurologic examinations. The tenth patient was a 49-year
old man wearing a helmet who was injured in a bicycle
accident. On presentation, he was confused but had no
lateralizing neurologic findings. Based on his injury mecha-
nism(a direct fall on his face with cervical hyperextension)
and the finding of a subarachnoid hemorrhage on CT scan,
arteriography was performed to exclude BCI. He had a right
ICA dissection with pseudoaneurysm and underwent anti-
coagulation. There was initial reluctance to deploy an en-

Table 3. NEUROLOGIC OUTCOME
STRATIFIED BY TREATMENT, EXCLUDING
EARLY DEATHS

Major Minor
Treatment Dead Deficit Deficit Normal
Anticoagulation 1 6 4 13
n=24
No Anticoagulation 3 1 1 4
n=9
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Table 4. CHANGE IN NEUROLOGIC
FUNCTION FROM DIAGNOSIS TO
DISCHARGE IN PATIENTS PRESENTING
WITH SYMPTOMS, EXCLUDING EARLY
DEATHS, STRATIFIED BY TREATMENT

Treatment Worse Same Improved
Anticoagulation 1 4 9
n=14
No Anticoagulation 2 2 2
n==6

dovascular stent in the acutely injured artery, so the proce-
dure was postponed until postinjury day 2. At that time,
while the arterial catheters were being manipulated (before
stent placement), he had an embolic stroke and was even-
tually discharged with major neurologic deficit. Excluding
this patient, none of the nine patients who were asymptom-
atic developed an ischemic cerebral infarction while under-
going anticoagulation. Three patients who were asymptom-
atic did not undergo systemic anticoagulation. One
underwent partial anticoagulation, was placed on aspirin,
and was discharged with a normal neurologic examination;
the other two had contraindications to anticoagulation and
thus were not treated. Neither of the two developed symp-
toms of cerebral ischemia, but one died of multiple organ
failure. That patient, a 77-year old pedestrian, was struck by
an automobile traveling at high speed and sustained bilateral
ICA dissections. Although neurologically asymptomatic, he
had sustained severe multisystem trauma including a C-7
fracture, major liver injury, and unstable pelvic fracture. His
BCIs were not treated because his associated injuries pre-
cluded anticoagulation. He never developed neurologic def-
icits but ultimately died of multiple organ failure on postin-
jury day 12. Table 5 summarizes of the neurologic outcome
stratified by treatment for asymptomatic and symptomatic
patients.

Twenty patients had follow-up angiography between 7
and 10 days postinjury. Four patients initially diagnosed
with a carotid dissection and who underwent anticoagula-
tion were found to have a new pseudoaneurysm,; six patients
had persistent pseudoaneurysms. One patient had a persis-
tent dissection and one a persistent occlusion. One patient
had progressive stenosis associated with dissection. Two
had improved dissections, and five had resolved injuries.

Overall, 8 of the 37 patients in our series died. Four
patients died within 24 hours, two died of massive head
trauma and the other two secondary to profuse hemorrhage
from a ruptured carotid artery. One patient with carotid
occlusion and C-C fistula had a stroke with severe intracra-
nial hypertension and was declared brain-dead on postinjury
day 3. Another patient had massive head trauma and was
declared brain-dead on postinjury day 11. One patient sus-
tained carotid occlusion and had a severe stroke. After 46
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days in a persistent vegetative state, care was withdrawn.
The final death was a result of multiple organ failure, as
described above. Excluding the three patients who died
from massive brain injury, the mortality rate associated with
BCI was 15%.

Complications of Treatment

Two patients had complications of angiography. One
patient developed a significant groin hematoma after sheath
removal, prompting a blood transfusion. A second patient,
described above, had an asymptomatic BCI and had a stroke
during arteriography. He ultimately was discharged but was
disabled because of poor neurologic recovery.

One patient had a complication related to endovascular
stenting. She had a combined right ICA dissection and
pseudoaneurysm and was anticoagulated. Heparin was dis-
continued on postinjury day 4, however, when she had
evidence of blood loss and was found to have a ruptured
hepatic hematoma. The ICA injury was stented and aspirin
was administered. Five days later, she had an ipsilateral
transient ischemic attack but was later discharged with
normal neurologic function.

Hemorrhagic complications of systemic anticoagulation
were common. Of the 24 patients who were fully anticoag-
ulated, 13 (54%) had evidence of rebleeding during antico-
agulation, necessitating transfusions, cessation of heparin,
or both. The source of hemorrhage was the nasopharynx in
four, gastrointestinal tract in three, head in three, facial
fracture site, liver and retroperitoneum in one each, and one
occult source. Although the mean maximum measured par-
tial thromboplastin time for these 13 patients exceeded the
therapeutic target (87.2 seconds), that of the group who did
not have bleeding complications was similarly high (97.4
seconds).

DISCUSSION

Blunt carotid arterial injuries have long been regarded as
potentially devastating, yet rare, events. Early reports estab-

Table 5. NEUROLOGIC OUTCOME
STRATIFIED BY SYMPTOMS AND

TREATMENT
Major Minor
Symptoms/Treatment Dead Deficit Deficit Normal
Asymptomatic-
Anticoagulation 0 1 0 9
Asymptomatic-
No Anticoagulation 1 0 0 2
Symptomatic-
Anticoagulation 1 5 4 4
Symptomatic-
No Anticoagulation 6 1 1 2
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lished mortality rates of 28%, with 58% of survivors expe-
riencing severe neurologic sequelae.' Subsequent multi-
center reviews confirmed these disconcerting morbidity and
mortality rates and reported an incidence of 0.08% to 0.17%
among patients admitted for blunt trauma.*~’ Given the
relative infrequence of BCI, many issues remain unre-
solved. These include mechanism and pathophysiology, nat-
ural history, optimal screening and diagnostic tests, and the
treatment of patients who were asymptomatic and symp-
tomatic. In 1996, Fabian et al.® published the largest single-
institution BCI experience and demonstrated improved neu-
rologic outcome when patients were fully anticoagulated
with heparin. Unfortunately, 93% of their patients already
had neurologic symptoms at the time of diagnosis, and the
ultimate outcome included a mortality rate of 31% and
neurologic morbidity rate of 37%. The authors speculated
that early diagnosis of BCI would be advantageous. Recog-
nizing the potential to affect the outcome of these patients,
we adopted a more aggressive approach to early diagnosis
and screening for asymptomatic BCI at our institution in
mid-1996.

Delayed recognition was common in previous series,
with most patients diagnosed after the onset of neurologic
deficits. There are several reasons for this, as suggested by
Welling et al.® First, most of these patients have multisys-
tem trauma, with critical injuries demanding immediate
attention. In addition, head injury may preclude a meaning-
ful neurologic examination that would demonstrate a later-
alizing sign. Our experience certainly reflects this con-
founding scenario, because severe associated injuries,
particularly closed head injuries, were common. Con-
versely, BCI may not be suspected in the setting of minor
associated injuries. Again, our experience demonstrates the
importance of a high index of suspicion because 16% of
patients had no other injuries. Finally, the signs and symp-
toms of BCI often present in a delayed fashion. To make the
early diagnosis of BCI, it is imperative that the trauma
surgeon recognize the signs and symptoms of the injury.
Diagnostic studies are indicated in the face of hemorrhage
of presumed carotid origin; cervical bruits; signs or history
of external cervical trauma with altered mental status; lat-
eralizing neurologic deficits including hemiparesis, tran-
sient ischemic attacks, amaurosis fugax, or Horner’s syn-
drome; neurologic deficits incongruous with CT scan
findings; or evidence of cerebral infarction on CT. Early
diagnosis of the symptomatic lesion can potentially mini-
mize cerebral ischemia and ultimately optimize neurologic
outcome via early therapy.

Fortunately, there is often a window of opportunity to
make the diagnosis and institute therapy. A latent period
has long been recognized as a unique feature of BCI. The
intima is torn, providing a thrombogenic surface for
platelet aggregation and a portal of exit for a dissecting
column of blood. Dissection with luminal narrowing,
partial thrombosis with embolization, or complete throm-
botic occlusion evolve over time. Krajewski and

Ann. Surg. « October 1998

Hertzer,! in their study of 96 patients, found that 58% of
patients first manifested symptoms 10 or more hours after
the injury; 36% became symptomatic 24 hours or more
postinjury. Perry et al.> similarly reported 23% of pa-
tients first showing symptoms more than 24 hours after
injury. Mokri et al.! reported that 9 of 18 BCI patients
developed symptoms more than 3 days postinjury, with 1
injury manifesting 14 years later. In 1990, Fabian et al.!!
reported that 33% of their patients had a neurologic
change more than 12 hours postinjury and said, “We must
do better than apply the threadbare platitude of ‘a high
index of suspicion.”” However, in their 1996 study® they
reported a mean time to diagnosis of 58 hours.

Recently, the Louisville group described their experience
with 24 BCL'? All patients had neurologic symptoms at the
time of diagnosis, and the authors concluded that “there was
no reliable means to suspect this injury prior to neurologic
or CT abnormalities.” We respectfully challenge this
premise. We believe the following injuries and injury mech-
anisms warrant diagnostic investigation for BCI: an injury
mechanism compatible with hyperextension and rotation of
the neck, which might stretch the ICA over the transverse
processes of C1-C3; severe flexion and rotation of the neck,
which can compress the ICA between the angle of the
mandible and the vertebral column or injure it over a prom-
inent styloid process; a direct blow to the neck; significant
soft-tissue injury of the anterior neck; cervical spine frac-
ture; significant, displaced midface fracture or mandibular
fracture; and basilar skull fracture involving the sphenoid,
mastoid, petrous or foramen lacerum. Although we cannot
retrospectively analyze the accuracy of our screening crite-
ria, we have been astonished by a preliminary review of the
recent series: nearly 20% of patients identified by these
criteria (12 of 56) have had arteriographically proven BCL
The other asymptomatic injury was detected during inciden-
tal carotid arteriography performed at the time of thoracic
aortography.

The current diagnostic gold standard remains cerebral
arteriography. Unfortunately, its invasive nature and poten-
tial technical and mechanical complications preclude indis-
criminate application. It is usually not difficult to justify the
procedure when arteriography is indicated for other reasons
(e.g., to rule out aortic arch injury or embolize bleeding
sites), although total contrast dye load is a factor in renal
toxicity. However, as we adopt alternatives to arch aortog-
raphy as a screening procedure for thoracic aortic injuries,
we must carefully weigh the risks and benefits of cerebral
arteriography individually. Although contrast agents are
becoming safer, there is still a finite risk associated with
securing arterial access and imaging the cerebral vascula-
ture. As described above, two of our patients had compli-
cations related to arteriography. For these reasons, alterna-
tive diagnostic modalities have been or are presently being
investigated in this arena. Duplex scanning has been advo-
cated to diagnose BCL"'? but it does not detect subtle dis-
sections. Moreover, it does not adequately image the carotid
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vasculature at the skull base and above. Magnetic resonance
angiography is an attractive noninvasive modality;'* how-
ever, it is not universally available and is often not a
practical option in the injured patient with multisystem
injuries. Helical CT angiography offers many potential ad-
vantages over arteriography, including noninvasiveness,
shorter examination times, and the ability to manipulate the
image in three dimensions.'®> Furthermore, most patients
with multisystem injuries undergo CT imaging for other
indications. However, preliminary studies in our institution
have not found CT angiography sufficiently sensitive to
detect subtle intimal injuries. Given the unpredictable na-
ture of BCI, we do not believe CT angiography is advisable
until more is known about the natural history of various
morphologic lesions.

The optimal management of BCI remains to be estab-
lished, but there is a consensus for early active treatment.
Early reports recommended surgical therapy, either liga-
tion or repair, for accessible injuries.'>7-16-'8 However,
as the Louisville group'” pointed out, there are two
primary patterns of BCI—a direct blow to the neck,
injuring the proximal ICA—or an injury at the base of
the skull or higher. The former is accessible for repair;
the latter is not and is predominate in most series of BCI,
including ours. In recent series, nonoperative or selective
management has been widely supported.*>811:12.19.20
Anticoagulation has become standard therapy, based on a
multicenter review* and with scientific validity estab-
lished by the Memphis study.® We cannot draw any firm
conclusions regarding heparin therapy from our overall
experience because we did not randomize matched
groups. However, we noticed a trend toward neurologic
improvement from diagnosis to discharge among patients
who were symptomatic and treated with heparin. Unfor-
tunately, 54% of our patients experienced hemorrhagic
complications related to anticoagulation. This will con-
tinue to be a problem in multiply injured patients, until
safer anticoagulants become available. Despite the lack
of correlation between highest partial thromboplastin
time and bleeding complications, we have reduced our
targeted partial thromboplastin time to 40 to 50 seconds
for heparin therapy in multiply injured patients, as sug-
gested by Fabian et al.® In general, we did not stop the
anticoagulation for hemorrhagic complications.

Pseudoaneurysms deserve special consideration. Al-
though most dissections heal during anticoagulation ther-
apy, a substantial number will form pseudoaneurysms. In
our study, four patients with dissections (31%) developed
pseudoaneurysms while on heparin therapy. This rate is
similar to the Memphis experience,® in which 29% of
patients with dissection developed pseudoaneurysms on
follow-up angiography. Extensive experience with pe-
ripheral vascular trauma has shown that pseudoaneu-
rysms, although potentially dangerous, may be managed
nonoperatively because they have been witnessed to re-
solve in long-term follow-up studies.?! In contrast, ca-
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rotid arterial pseudoaneurysms do not typically resolve,
even with heparin therapy. In addition to noting the
appearance of new pseudoaneurysms with heparin ther-
apy, Fabian et al.® reported no resolution among 6 pri-
mary pseudoaneurysms; Mokri?? described resolution of
just 1 of 14 pseudoaneurysms of the ICA. Moreover,
pseudoaneurysms of the carotid artery have been associ-
ated with stenosis, thrombosis, embolization, and rupture
causing cerebral infarction, intracranial bleeding, arterio-
venous fistula, and even fatal hemothorax.?®> Thus, we
submit that a more aggressive approach is justified once
a carotid arterial pseudoaneurysm is recognized. Endo-
vascular stenting provides an alternative treatment in the
setting of pseudoaneurysms.>* We previously reported
our preliminary experience with stents?>*® and have con-
tinued to gain experience with their use. This technology
must be used with caution because of the potential com-
plications as described above. An additional consider-
ation is the need for full anticoagulation after stent place-
ment. Experience with stenting for atherosclerotic carotid
disease suggests that antiplatelet agents may be sufficient
to prevent thrombosis or embolization.”” However, our
one stent-related complication occurred in a patient in
whom heparin was terminated due to remote bleeding,
and aspirin alone was administered. The patient sustained
a transient ischemic attack 3 days later. Thus, we cannot
recommend anything less than full anticoagulation to
cover stents for traumatic pseudoaneurysms until more
data become available.

Overall, our incidence of BCI was 0.24% for the 8-year
study period. This is similar to the recent reported rates from
Memphis,® Cincinnati,'® and Miami.?® From 1990 through
mid-1996 we documented BCI in 0.1% of blunt-trauma
admissions, and all were symptomatic at the time of diag-
nosis. Since August 1996 when we began aggressive screen-
ing, we have found an unprecedented 0.86% BCI among
blunt trauma admissions, with most asymptomatic at diag-
nosis. In a sense, we have created an epidemic of BCI in our
institution. In 1997 alone, we managed 20 injuries, which
was more than the previous 7 years combined. Further, we
have diagnosed 10 more cases in the first quarter of 1998
(not included in this study). Many of these patients are
symptomatic. Their increasing presentation to our trauma
center may be the result of a growing Trauma Outreach
Program and the recognition of our center as having exper-
tise with these injuries. However, the growing number of
patients who are asymptomatic begs the question, are we in
a position to alter the natural history of these injuries, or
have we simply exposed more patients to the risks of
diagnostic and therapeutic interventions? Based on data
presented herein, we cannot answer this definitively. How-
ever, the patients who are identified early as asymptomatic
and are anticoagulated have a superior outcome compared
with those identified after the onset of symptoms (Table 2).
Furthermore, no patient who is asymptomatic has experi-
enced neurologic deterioration during heparin therapy. Ex-
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BCI

!

Contraindication
to Heparin
No / \ Yes

Heparin
PTT 40-50

| Observe

N/

Arteriography
7-10 days
v?
Pseudoaneurysm

No / \Yes

Heparin
+ Stent

Coumadin
3 mos

Arteriography
6 weeks

Figure 1. Protocol for the management of blunt internal carotid arterial
injuries (BCI).

cluding those dying of massive brain injury and patients
admitted with coma and brain injury, the mortality rate
associated with BCI was 15%, with severe neurologic mor-
bidity in 16% of survivors. This compares favorably with
previous reports.'~’

Based on our experience and that recently reported by
the Memphis and Louisville groups, we submit aggres-
sive screening for BCI based on injury patterns is war-
ranted. However, several important clinical issues remain
unresolved. The precise injury patterns and relative ce-
rebrovascular risks needs to be defined. Furthermore, the
optimal diagnostic screening test remains to be identified,
with consideration of the relative risk—benefit profile.
Finally, we must determine the best means of treating
BCI. Although it did not reach statistical significance, the
use of heparin was associated with a trend toward im-
proved outcome in patients who were symptomatic. In
addition, no patient who was asymptomatic developed
new neurologic deficits during heparin therapy. Thus, we
believe early institution of heparin therapy is indicated.
However, the role of endovascular stenting remains un-
clear. Consequently, we have initiated a prospective
study (Figure 1) in which patients who have a contrain-
dication to anticoagulation serve as the “control” group,
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and all others with documented BCI are systemically
anticoagulated. Because the acutely injured endothelium
is susceptible to angiography-related injury, fol-
low-up arteriography is not performed until at least 7
days postinjury. If a pseudoaneurysm is identified then
patients are randomized to continued anticoagulation
with or without endovascular stenting. Patients will be
reassessed by carotid arteriography at 6 weeks postinjury.
All remaining patients will be anticoagulated for 3
months.

References

1. Krajewski LP, Hertzer NR. Blunt carotid artery trauma: report of two
cases and review of the literature. Ann Surg 1980; 191:341-346.

2. Yamada S, Kindt GW, Youmans JR. Carotid artery occlusion due to
nonpenetrating injury. J Trauma 1967; 7:333-342.

3. Perry MO, Snyder WH, Thal ER. Carotid artery injuries caused by
blunt trauma. Ann Surg 1980; 192:74-77.

4. Cogbill TH, Moore EE, Meissner M, et al. The spectrum of blunt
injury to the carotid artery: A multicenter perspective. J Trauma 1994;
37:473-479.

5. Davis JW, Holbrook TL, Hoyt DB, et al. Blunt carotid artery
dissection: Incidence, associated injuries, screening, and treatment.
J Trauma 1990; 30:1514-1517.

6. Martin RF, Eldrup-Jorgensen J, Clark DE, Bredenberg CE. Blunt
trauma to the carotid arteries. J Vasc Surg 1991; 14:789-795.

7. Ramadan F, Rutledge R, Oller D, et al. Carotid artery trauma: a review
of contemporary trauma center experiences. J Vasc Surg 1995; 21:46—
56.

8. Fabian TC, Patton JH, Jr., Croce MA, et al. Blunt carotid injury:
Importance of early diagnosis and anticoagulant therapy. Ann Surg
1996; 223:513-525.

9. Welling RE, Saul TG, Tew JM, Jr., et al. Management of blunt injury
to the internal carotid artery. J Trauma 1987; 27:1221-1226.

10. Mokri B, Piepgras DG, Houser OW. Traumatic dissections of the
extracranial internal carotid artery. J Neurosurg 1988; 68:189-197.

11. Fabian TC, George SM, Jr., Croce MA, et al. Carotid artery trauma:
management based on mechanism of injury. J Trauma 1990; 30:953-
963.

12. Osborne DL, Carrillo EH, Spain DA, et al. Blunt carotid artery injury:
difficulties with the diagnosis prior to neurologic events. Arch Surg
1998 (in press).

13. Fry WR, Dort JA, Smith RS, et al. Duplex scanning replaces arteriog-
raphy and operative exploration in the diagnosis of potential cervical
vascular injury. Am J Surg 1994; 168:693—696.

14. Bok APL, Peter JC. Carotid and vertebral artery occlusion after blunt
cervical injury: the role of MR angiography in early diagnosis.
J Trauma 1996; 40:968 -972.

15. Nagler RM, Braun J, Daitzman M, Laufer D. Spiral CT angiography:
an alternative vascular evaluation technique for head and neck micro-
vascular reconstruction. Plast Reconstr Surg 1997; 100:1697-1702.

16. Fakhry SM, Jaques PF, Proctor HJ. Cervical vessel injury after blunt
trauma. J Vasc Surg 1988; 8:501-508.

17. Richardson JD, Simpson C, Miller FB. Management of carotid artery
trauma. Surgery 1988; 104:673-680.

18. Pretre R, Reverdin A, Kalonji T, Faidutti B. Blunt carotid artery injury:
difficult therapeutic approaches for an underrecognized entity. Surgery
1994; 115:375-381.

19. Parikh AA, Luchette FA, Valente JF, et al. Blunt carotid artery
injuries. J Am Coll Surg 1997; 185:80-86.

20. Li MS, Smith BM, Espinosa J, et al. Nonpenetrating trauma to the
carotid artery: seven cases and a literature review. J Trauma 1994;
36:265-272.



Vol. 228 « No. 4

21. Dennis JW, Frykberg ER, Veldenz HC, et al. Validation of nonopera-
tive management of occult vascular injuries and accuracy of physical
examination alone in penetrating extremity trauma: 5- to 10-year
follow-up. J Trauma 1998; 44:243-253.

22. Mokri B. Traumatic and spontaneous extracranial internal carotid
artery dissections. J Neurol 1990; 237:356-361.

23. Kaplan JA. Delayed fatal hemothorax due to traumatic carotid
dissection: A case report of a previously unreported cause of death. J
Forensic Sci 1994; 39:552-556.

24. Ryu R. Endovascular stents and clinical applications: The state of the
art. Appl Radiol 1997; Supp:63-70.

25. Bernstein SM, Coldwell DM, Prall JA, Brega KE. Treatment of
traumatic carotid pseudoaneurysm with endovascular stent placement.
JVIR 1997; 8:1065-1068.

26. Duke BJ, Ryu RK, Coldwell DM, Brega KE. Treatment of blunt injury
to the carotid artery by using endovascular stents: an early experience.
J Neurosurg 1997; 87:825-829.

27. Higashida RT. Carotid interventions: PTA and stenting. JVIR 1998;
9:84-88.

28. Punjabi AP, Plaisier BR, Haug RH, Malangoni MA. Diagnosis and
management of blunt carotid artery injury in oral and maxillofacial
surgery. J Oral Maxillofac Surg 1997; 55:1388-1395.

Discussion

Dr. MaLcoLm O. Perry (Dallas, Texas): Fewer than half the
patients with carotid injuries have external evidence of such inju-
ries. Most of these injuries are detected after the patient has a TIA
or stroke. The authors advocate aggressive screening to treat these
serious injuries which have a dismal natural history. They de-
scribed six indications for arteriography. Surprisingly, under this
protocol, as Dr. Biffl said, nearly 20% of the patients had a positive
arteriogram. As Dr. Spencer indicated earlier, this is a remarkable
finding in this group of patients. As I counted the numbers 13
patients were asymptomatic, 11 remained normal. As I read the
manuscript which you so kindly supplied to me, of the 20 patients
with neurologic deficit, you treated 14 with anticoagulants. And
nine of them became normal or improved, but two of six symp-
tomatic patients improved without anticoagulation. The mortality
rate is still high, 22%. From your study it appears that anticoag-
ulation is helpful in certain patients. I think that the eventual
outcome in most of these people is still determined by the severity
of the neurologic damage prior to treatment. Moreover, anticoag-
ulation can’t be used in many trauma patients, and as you de-
scribed, complications were frequent and sometimes serious. I do
not believe that published data support anticoagulation as the
preferred method of treatment for accessible carotid lesions. The
best results are obtained when carotid injuries are surgically re-
paired. This has been confirmed again in a recent study by Dr.
Hobson and his associates in a pooled data analysis of 1316
patients. This has also been my experience. Dr. Biffl, I have three
questions for you. How did the patients do after their anticoagu-
lants were discontinued because of the complications, which were
54% in your series? Sixty-five percent of your patients had closed
head injuries and a number of the group had skull fractures. How
were you able to separate the underlying cause of deficits in this
difficult group of patients and determine what to do? Finally, for
which of these carotid injuries would you recommend surgical
repair? It has been my position for a long time that most of these
injuries should be repaired if they can be reached. I congratulate
you and Dr. Moore and your associates. You continue to make
significant contributions in the management of trauma.
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Dr. WALTER L. BiFrL (Denver, Colorado): Unfortunately, over
50% of the patients suffered hemorrhagic complications during
anticoagulation. This presented quite a dilemma. We were hesitant
to discontinue anticoagulation, for fear of stroke. Our feeling was
that we could manage the bleeding either by transfusion or surgi-
cally correcting the bleeding, but that we could not treat a wors-
ening stroke. In general we would decrease the heparin dose. In
patients with head injuries, it was difficult to determine the source
of the neurologic deficit. I believe one reason why these injuries
may be underrecognized is because patients present with serious
neurologic compromise and a concomitant head injury, and the
head injury is presumed to be the cause. We feel that if a carotid
injury is present we can treat it and potentially minimize the
neurologic damage or prevent further neurologic damage emanat-
ing from the carotid artery. We agree that accessible lesions should
be surgically repaired. Unfortunately in our experience, only 1 out
of 37 was in a location that was amenable to surgical repair. All the
remaining dissections and pseudoaneurysms involved the vessel at
or above the base of the skull.

Dr. BeN EisemaN (Denver, Colorado): My question is whether
the over-the-shoulder strap of a seat belt that runs across the base
of the neck might contribute to this newly recognized “epidemic”
of blunt carotid artery injuries following automobile accidents. We
frequently find significant hematomas and swelling at the base of
the neck following such injuries. This challenging paper will raise
the obvious question of the optimum way to screen such trauma
victims for unsuspected carotid artery injuries. This will have
significant medical, legal, and economy importance. Might exam-
ination of eyegrounds for evidence of microthrombi be of value,
particularly in the elderly? Finally, it is a source of enormous pride
to be present when Dr. Biffl in the mid-point of his residency
presents such an important paper in such a professional manner to
this Association. I predict this will be only the first of others to
follow in future years. Occasions such as this make academic
surgery so wonderfully rewarding.

Dr. WALTER L. BrFrL (Denver, Colorado): The question regard-
ing seat belt injuries is an interesting one. In fact, we anticipated
shoulder harnesses would prove to be a risk factor for injury.
However, of 15 patients injured in motor vehicle accidents, only 2
were actually wearing their seat belt at the time of the accident. Of
those two, both were drivers with a left-sided shoulder belt; one
had a left-sided injury and one had a right-sided injury. The person
who had the left-sided injury actually had gone off the highway
down 60 feet into a tree and sustained a near-hanging by his seat
belt. Thus, we have not found seat belts to be an independent risk
factor. Our screening procedure of choice is arteriography. Ultra-
sound does not reliably detect the distal carotid lesions that we are
seeing. In a previous multi-center trial in which we participated,
ultrasound missed 14% of injuries. In our series, that would have
been five or six patients with missed carotid injury. We have tried
helical CT and thus far have found that it is not sensitive in
detecting subtle intimal injuries. Unfortunately, we can’t predict at
this time who is going to have a stroke and who is not, based on
the initial injury. Thus, we treat every injury indiscriminately. We
are presenting evaluating our screening criteria for their individual
predictive value. To date, we have found injuries in 20% of the
patients identified for screening. An earlier study from our insti-
tution, currently in press, screened the carotids in all patients
undergoing thoracic aortography to rule out blunt aortic injury.



