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There has been much debate on whom to screen, how to screen, and how to treat blunt cerebrovascular injury (BCVI), but there
has been little published on long-term functional outcomes following diagnosis and treatment of BCVI. This study was

Patients with BCVI during a 53-month period ending June 2009 were identified. Charts were reviewed for demographics,
associated injuries, treatments, strokes, and in-hospital mortality. Posthospital discharge follow-up was conducted. A struc-
tured telephone interview was performed using a functional independence measurement—functional activity measurement
questionnaire consisting of 30 questions in seven categories (self-care, sphincter control, mobility, locomotion, communi-
cation, psychosocial, and cognitive). Each question was scored from 1 (requires full assistance) to 7 (fully independent).

Two hundred twenty-two patients with BCVI were identified. Twenty-four patients died during their initial hospitalization, and
an additional 11 patient died after hospital discharge. The 68 patients who completed the interview constituted our study
population. Mean follow-up was 35 months. Of a possible 210 points, the mean total score on functional independence
measurement and functional activity measurement was 186, 185, and 188 for all patients, carotid artery injuries, and vertebral
arteries injuries, respectively. A significant difference was seen when comparing patients with and without strokes (173 and

BACKGROUND:
conducted to address those long-term outcomes.
METHODS:
Outcomes were compared by type of BCVI, associated injuries, and stroke.
RESULTS:
189, respectively).
CONCLUSION:

This is the first report of functional outcomes following BCVI. We found that carotid and vertebral artery injuries have similar
functional outcomes. As would be expected, the development of stroke led to worse outcomes. This underscores the importance
of early diagnosis and initiation of therapy. Prevention of stroke in patients with BCVI leads to near-normal functional

outcomes. (J Trauma Acute Care Surg. 2013;74: 955-960. Copyright © 2013 by Lippincott Williams & Wilkins)
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lunt cerebrovascular injuries (BCVI) were once thought to
be rare; however, these injuries are now diagnosed in up to
2% of blunt trauma patients. !~ With the increasing recognition
of these potentially devastating injuries, there has been much
controversy regarding who should be screened, what is the best
screening modality, and what is the optimal treatment for
patients with BCVI. Previous work has identified patients at
highest risk for BCVI who should undergo screening for BCVI
and long-term stroke rates and mortality associated with the
treatment of BCVI using a combination of medical and
endovascular therapy.?™
While mortality and stroke rates are certainly important
outcome measures, long-term function impairment has the
greatest impact on the ability of patients to return to their pre-
injury work environment and quality of life. However, posthos-
pital discharge functional outcomes of patients with BCVI have
not been evaluated. The purpose of the current study was to de-
termine the functional outcomes in patients with BCVI following
hospital discharge in a large contemporary series of patients
who underwent aggressive screening and treatment for BCVI.

PATIENTS AND METHODS

Following approval from the institutional review board at
the University of Tennessee Health Science Center, patients
with BCVI admitted to the Presley Trauma Center at the Re-
gional Medical Center at Memphis from January 2005 to June
2009 were identified from the trauma registry and angiography
logs. The Presley Trauma Center is a Level I center that serves
the midsouth and encompasses an approximately 150-mile ra-
dius from Memphis, Tennessee. Medical records were reviewed
for demographic information, type of BCVI (carotid or vertebral
artery), associated traumatic brain injury, stroke rates, and
mortality. During this period, patients were screened for BCVI
if they had any one or more of the following risk factors: bas-
ilar skull fracture, Le Fort II or III fractures, any cervical spine
fracture, neck soft tissue injuries, anisocoria, neurologic
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examination result inconsistent with radiologic findings, or any
abnormality on computed tomography angiography.’

A structured telephone interview was conducted using a
modified functional independence measurement and functional
activity measurement (FIM/FAM) questionnaire. Interviews
were conducted with the patients or the primary caregiver if the
patient was unable to communicate over the telephone. Patients
who completed this interview constituted our study population.
The FIM/FAM consists of 30 questions in seven subcategories
(self-care, sphincter control, mobility, locomotion, communi-
cation, psychosocial, and cognitive) and takes 35 minutes to
45 minutes to complete. The seven subcategories are grouped
into two broad categories, namely, total motor and total cog-
nitive function. Each question is scored from 1 to 7, for a
maximum of 210 points. A score of 1 indicates that the patient
requires total assistance to perform the specific activity, while a
score of 7 indicates that the patient is fully independent and
able to safely perform the task in a timely manner. Figure 1
displays a sample data collection sheet. Interviewers were
instructed on specific questions to ask to determine a score for
each activity or task. Patients were also asked if they have been
diagnosed with a stroke since hospital discharge. Outpatient
clinic notes were also reviewed to identify new strokes fol-
lowing discharge. The Social Security Death Index was queried
to identify any outpatient deaths.

Statistical Analysis

Outcomes of the telephone interviews were compared by
type of BCVI (carotid and vertebral artery injuries), occurrence
of stroke, and associated traumatic brain injuries. The scores
were compared in each of the seven categories as well as the
total motor, total cognitive, and overall FIM/FAM scores. There
is a ceiling effect with FIM/FAM tests (the test cannot distin-
guish among those with the highest scores); any patient who
scored the maximum number of points, a score of 7 for each
question within a specific subcategory, reached the ceiling.
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Functional outcomes data collection

SELF CARE
Feeding 1 2 3 4 5 6 7
Swallowing 1 2 3 4 5 6 7
Grooming 1 2 3 4 5 6 7
Bathing 1 2 3 4 5 6 7
Dress Upper 1 2 3 4 5 6 7
Dress Lower 1 2 3 4 5 6 7
Toileting 1 2 3 4 5 6 7
SPHINCTER CONTROL
Bladder Control 1 2 3 4 5 6 7
Bowel Control 1 2 3 4 5 6 7
MOBILITY
Bed/Chair Transfer 1 2 3 4 5 6 7
Toilet Transfer 1 2 3 4 5 6 7
Tub Transfer 1 2 3 4 5 6 7
Car Transfer 1 2 3 4 5 6 7
LOCOMOTION
Walking/wheelchair 1 2 3 4 5 6 7
Stairs 1 2 3 4 5 6 7
Community Access 1 2 3 4 5 6 7
COMMUNICATION
Comprehension 1 2 3 4 5 6 7
Expression 1 2 3 4 5 6 7
Reading 1 2 3 4 5 6 7
Writing 1 2 3 4 5 6 7
Speech 1 2 3 4 5 6 7
PSYCHOSOCIAL ADJUSTMENT
Social Interaction 1 2 3 4 5 6 7
Emotional Status 1 2 3 4 5 6 7
Adjust to Limits 1 2 3 4 5 6 7
Employability 1 2 3 4 5 6 7
COGNITIVE FUNCTION
Problem Solving 1 2 3 4 5 6 7
Memory 1 2 3 4 5 6 7
Orientation 1 2 3 4 5 6 7
Attention 1 2 3 4 5 6 7
Safety Judgment 1 2 3 4 5 6 7
Scale: 7 Complete Independence (timely, safely)

6 Modified Independence (extra time, devices)

5 Supervision (cuing, coaxing, prompting)

4 Minimal Assist (performs 75% or more of task)

3 Moderate Assist (performs 50%-74% of task)

2

1

Maximal Assist (performs 25% to 49% of task)
Total Assist (performs less than 25% of task)

Figure 1. Data collection sheet for functional outcomes.

The percentage of patients who reached the ceiling effect
with and without ischemic strokes were compared in each of
the subcategories. Data were analyzed with PASW 18.0 (IBM
Corporation, Somers, NY) and SAS 9.2 (SAS Institute Inc.,
Cary, NC). Categorical data were analyzed with x* tests, and

© 2013 Lippincott Williams & Wilkins

continuous data were analyzed with Student’s 7 tests or analysis
of variance, whichever was appropriate. If continuous data
were skewed, medians were compared using the Wilcoxon
rank-sum test or the Kruskal-Wallis test. Any p value less than
0.05 was considered statistically significant.

RESULTS

Population Overview

During the 53-month study period from January 2005 to
June 2009, 222 patients were identified with 263 BCVIs. There
were 115 carotid artery injuries and 148 vertebral artery in-
juries identified. All patients underwent conventional angiog-
raphy to confirm their injuries. A summary of the patient
demographics and outcomes are presented in Table 1. The
average age was 40 years, and 67% of patients were male.
Motor vehicle collisions were the most common mechanism of
injury (81%). There were 24 in-hospital deaths (11%), and 29
patients (13%) were found to have ischemic strokes at some
point during their hospitalization. Of those with ischemic
strokes, 17 patients (59%) had symptoms of ischemia or

TABLE 1. Summary of All Patients With BCVIs and the Study
Population
All BCVI  Study Patients
(n=222) (n = 68)
Patient characteristics
Age, y 40 (15-93) 39 (15-69)
Male 148 (67) 38 (56)
Female 74 (33) 30 (44)
Race
White 135 (61) 46 (68)
African American 82 (37) 22 (32)
Hispanic 4(2) —
Other (1) —
Injury mechanism
Assault 5(Q2) 34)
All-terrain vehicle 1(1) —
Crush 1(1) —
Fall 11 (5) 3(4)
Hanging 1(1) —
Motorcycle crash 94) 5()
Motor vehicle crash 179 (81) 54 (79)
Pedestrian struck 14 (6) 34
Injury severity
ISS 28 (4-75) 28 (4-59)
Glasgow Coma Scale score at admission 12 (3—15) 12 (3-15)
Length of stay, d 20 (0-209) 19 (0-69)
Intensive care unit, d 13 (0-89) 13 (0-50)
Type of BCVI*
Patients with carotid artery 93 (42) 29 (43)
Patients with vertebral artery 140 (63) 42 (62)
Outcomes
Total strokes (including outpatient) 34 (15) 13 (19)

Number in parentheses represents percentage or range.
*Total is greater than 100% owing to patients with both carotid and vertebral artery
injuries.
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TABLE 2. Comparison of Functional Outcomes Following
Carotid and Vertebral Artery Injuries

Carotid Artery Injury Vertebral Artery Injury

(n = 29)* (n = 42)*
Self-care 45 (20-49) 45 (21-49)
Sphincter control 13 (10-14) 13 (2-14)
Mobility 25 (4-28) 25 (8-28)
Locomotion 18 (5-21) 18 (3-21)
Communication 31 (16-35) 33 (24-35)
Psychosocial 23 (13-28) 23 (7-28)
Cognitive 30 (13-35) 32 (20-35)
Total motor 101 (41-112) 100 (39-112)
Total cognitive 84 (45-98) 88 (51-98)

Overall 185 (95-210) 188 (126-210)

None of the values were statistically different.
*Three patients are represented in both groups owing to concomitant carotid artery
and vertebral artery injuries.

radiologic findings of ischemia upon arrival to the hospital, and
5 patients (17%) developed symptoms before having their
diagnostic angiography. The remaining seven ischemic strokes
(24%) occurred among the 200 patients who were asymp-
tomatic at the time of their diagnosis. Clinical follow-up was
achieved in 85% of patients (169 of 198) who were discharged
alive from the hospital.

In the patients who were alive at the time of discharge, an
additional 11 deaths were identified in the Social Security Death
Index following hospital discharge. Of the 187 survivors,
74 (40%) were contacted for telephone follow-up. Sixty-eight
(92%) of those contacted completed the entire questionnaire.
Mean follow-up was 35 months (range, 12-61 months). A
comparison of all patients with BCVI to the study population
(those that completed the telephone interview) is presented in
Table 1. The 68 patients in the study population are similar to
the overall BCVI population with regard to age, injury severity,
and type of BCVI. Eight patients in the study population ex-
perienced an ischemic stroke at some point during their hospi-
talization (five on arrival to the hospital and three during their

TABLE 3. Comparison of Functional Outcomes by the
Presence or Absence of Associated Traumatic Brain Injury

No Traumatic Brain Traumatic Brain

Injury (n = 49) Injury (n = 19) P
Self-care 45 (21-49) 44 (20-49) NS
Sphincter control 13 (2-14) 13 (6-14) NS
Mobility 25 (8-28) 24 (4-28) NS
Locomotion 18 (6-21) 17 (3-21) NS
Communication 33 (21-35) 31 (16-35) NS
Psychosocial 24 (7-28) 21 (13-28) 0.026
Cognitive 32 (20-35) 29 (13-35) 0.046
Total motor 101 (39-112) 97 (41-112) NS
Total cognitive 88 (51-98) 81 (45-98) 0.027
Total FIM/FAM 190 (126-210) 178 (95-210) NS

NS, not significant.
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TABLE 4. Functional Outcomes in Patients Who Developed
Ischemic Strokes Compared With Those That did not Develop
Ischemic Strokes

No Ischemic Stroke Ischemic Stroke

(n =55) (m=13) P
Self Care 46 (20-49) 42 (21-49) NS
Sphincter control 13 (2-14) 12 (6-14) NS
Mobility 25 (8-28) 24 (4-28) NS
Locomotion 18 (3-21) 18 (6-21) NS
Communication 33 (16-35) 29 (21-35) 0.003
Psychosocial 24 (13-28) 21 (7-28) NS
Cognitive 32 (13-35) 28 (20-35) 0.028
Total motor 101 (39-112) 95 (41-112) NS
Total cognitive 88 (45-98) 78 (51-98) 0.009

Total FIM/FAM 189 (95-210) 173 (102-210) 0.044

NS, not significant.

hospitalization). Five additional patients had been diagnosed
with strokes since hospital discharge. Thus, the 13 patients with
stroke lead to a 19% stroke rate in those that completed the
telephone interview.

FIM/FAM Outcomes

Of a possible 210 points, the mean total score for
the entire study population on the FIM/FAM was 186. A
comparison of patients with carotid artery injuries with those
with vertebral artery injuries is presented in Table 2. There
were three patients who had both carotid and vertebral artery
injuries. The average score for patients with carotid artery
injuries was 185, while patients with vertebral artery injuries

90

80

70 B No stroke

60 O Stroke

50

40

30

20

*Self care
Sphincter control
Mobility
Locomotion
*Communication
Psychosocial
*Cognitive function
*Total Motor

Total Cognitive
Total FIM/FAM

Figure 2. Percentage of patients with and without strokes
reaching the “ceiling” or maximum score in each subcategory.
The categories with an asterisk are statistically significant with a
p <0.05.
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scored an average of 188. There were no significant differences
in any category between patients with each type of BCVL
When the three patients with both carotid and vertebral artery
injuries were compared with carotid only or vertebral only,
there were still no differences.

To explore the influence of injuries associated with poor
cognitive outcomes, we stratified patients based on the presence
or absence of traumatic brain injuries. Traumatic brain injuries
were associated with lower functioning in the areas related to
cognitive functions, as presented in Table 3. When comparing
the FIM/FAM score of the 55 patients who did not have ischemic
strokes with the 13 who had strokes following BCVI, the
overall FIM/FAM score was significantly different (Table 4).
For the 13 patients with strokes, the mean overall FIM/FAM
was 173 compared with 189 in those without (p = 0.044). Simi-
lar to those with closed head injuries, patients with ischemic
strokes scored significantly worse in the cognitive subcategory
(p=0.028) and total cognitive (p = 0.009). Patients with strokes
also performed worse in the communication subcategory
(p =0.003).

To determine which patients reached the maximum score
on the FIM/FAM, we examined the percentage of patients with
a score of 7 for every question within each subcategory and
compared patients who experienced an ischemic stroke to those
who did not. There was a lower percentage of patients with
strokes who reached the ceiling in every category (Fig. 2).
Patients who experienced ischemic strokes were significantly
less likely to reach the best possible outcome for self-care,
communication, cognitive function, and total motor functions
(p = 0.050, 0.012, 0.023, and 0.047, respectively).

DISCUSSION

BCVIs are potentially devastating injuries, especially
when the patient is young and develops an ischemic stroke. Our
institution uses an aggressive approach to both the screening
and treatment of patients with BCVI, including both antic-
oagulation and endovascular stenting of these injuries. This
approach is associated with an improvement in stroke and
mortality for patients at risk for BCVL.!* Many institutions
report between 10% and 33% stroke rates in patients who were
initially asymptomatic.* None of those reports include outpa-
tient follow-up. In this first report of functional outcomes
following BCVI, we have shown that many patients are able to
resume near-normal function after experiencing a BCVL
However, there are still a significant number of patients who are
left with deficits in one area or another. Only approximately
20% of the study population reached the ceiling for the entire
FIM/FAM, even when they had not experienced a stroke
(Fig. 2). The most likely reason for this ongoing functional
impairment may be associated injuries. These patients were
severely injured polytrauma patients, as indicated by the av-
erage injury Severity Score (ISS) of nearly 30. However, owing
to the small sample size in this study, we were unable to fully
explore which of associated injuries may be contributing to
poor functional outcomes.

There has been some debate in the literature regarding the
relative severity or importance of carotid and vertebral injuries.
Some have suggested that outcomes following vertebral BCVI
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are better than carotid BCVI. More recent data indicate that this
may not be the case in in-hospital mortality and long-term stroke
rates.* The results of the present study indicate that functional
outcomes are also similar between carotid and vertebral artery
injuries. Not surprisingly, the development of a stroke, however,
significantly decreases the functional outcomes. This finding
highlights the importance of prevention of ischemic stroke in
this patient population via aggressive screening and treatment of
patients with BCVI. We found in this study that there was still a
significant number of patients who developed a stroke after their
diagnosis, which underscores the need to continue to evaluate
new treatment options for BCVL In addition, the reason for
outpatient strokes needs to be further delineated. One concern is
that some patients may be noncompliant with antiplatelet
medications following hospital discharge, leading to outpatient
strokes especially in those treated with endovascular stents.
Treatment of coronary stent patients with the antiplatelet com-
bination of aspirin and clopidogrel for approximately 3 months
until endothelialization occurs is required to reduce the risk of
stent thrombosis. Although such data are not proven for stent
treatment of BCVI, we believe dual antiplatelet therapy is
similarly prudent in that situation. The average monthly cost of a
daily dose of clopidogrel (75-mg tablet) is $225, which may lead
to underuse by populations that are underinsured and financially
challenged.

We acknowledge that there are limitations to this study.
While we had clinical follow-up on 85% of patients, only 40%
completed the in-depth telephone interview. It may be argued
that we have missed outpatient strokes or not contacted the
patients with the worst functional outcomes. This is a possi-
bility; however, the cohort that was contacted seems to be
representative of the original BCVI population, with similar
age, injury severity, length of hospital stay, and types of in-
juries. In addition, we were able to contact a higher percentage
of the patients who experienced strokes. This is likely because
the patients who experienced complications or had poor out-
comes were more likely to pursue follow-up opportunities and
would be more likely to have valid contact information. An-
other important limitation is that functional outcomes are de-
pendent on associated injures besides the BCVI.

There are many different tools available to measure
functional outcomes including Glasgow Outcome Scale, the
extended Glasgow Outcome Scale, Functional Assessment
Measure, Functional Independence Measure, the combined
FIM/FAM, and various quality-of-life scales such as the SF-36
and SF-12.° Each assessment tool has its own limitations.
Edwards et al.,'! assigned Glasgow Outcome Scale scores to
patients with BCVI at the time of discharge and follow-up and
found no differences based on the type of therapy given. The
Glasgow Outcome Scale is a single score with 5 being “good
recovery,” 4 being “moderate disability,” down to a score of 1,
which is death.” This assessment tool is insensitive to small but
clinically relevant changes, does not allow for discrimination in
patients who have difficulty in specific areas but are otherwise
high functioning, and has an even greater ceiling effect than the
FIM/FAM.®

We chose the FIM/FAM to assess functional outcomes
of rpatients because it encompasses several areas of potential
disturbances after brain injuries, including communication,

959

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



DiCocco et al.

J Trauma Acute Care Surg
Volume 74, Number 4

motor function, behavior, and cognitive abilities. It has been
shown to be a reliable assessment tool with internal consis-
tency.® However, the FIM/FAM does have a ceiling effect as it
cannot distinguish between a competitive athlete and someone
who is able to ambulate fairly well without assistive devices, or
between an astrophysicist and someone who can do basic
problem solving. Another problem with this assessment tool is
that others have not used this method of evaluating patients
with BCVI, so comparisons to other institutions that use dif-
ferent treatment algorithms cannot be made.

While most publications on BCVI report on the out-
comes of stroke and death, this is the first report of functional
outcomes following BCVI. With nearly a 3-year follow-up, we
found that most patients were able to return to near-normal
functional abilities after BCVI. Carotid and vertebral artery
injuries have similar functional outcomes. The greatest dif-
ferences in outcomes were, not surprisingly, seen between the
patients who had an ischemic stroke and those that did not.
Therefore, efforts should be placed on prevention of stroke
because this is a modifiable outcome and has the greatest
impact on the functional outcomes of patients following BCVI.
This underscores the importance of continued research for
optimization of screening, diagnostic, and treatment protocols
for BCVIs.
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