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ABSTRACT

Background Cerebral vascular anatomy, specifically
the circle of Willis (COW), plays an unstudied role in
the development of stroke after blunt cerebrovascular
injury (BCVI; carotid and vertebral). Variant anatomy is
very common, and certain variants such as persistent
fetal circulation (enlarged posterior communicating
artery) may improve collateralization between the
anterior (carotid) and posterior (vertebral) circulations.
Identifying patients at increased stroke risk may allow
tailored anticoagulation, the mainstay of therapy. This
study constitutes the first attempt to identify vascular
anatomy patterns associated with stroke, with the
hypothesis that normal anatomy would protect against
stroke.

Study design Radiographic images from patients
with BCVI-related stroke from 2005 to 2014 were
identified. Patients with stroke were compared with
injury-matched, non-stroke controls. Normal COW
anatomy is defined as the presence of all vessels
without hypoplasia.

Results Of 457 patients BCVI, 22 (4.8%) BCVI-
related patients with stroke and matched controls were
reviewed. 9 (41%) patients with stroke and 2 (9%)
controls had normal COW anatomy (OR=7.1, 95% Cl
1.28 to 33.3). Persistent fetal-type circulation was
found in 6 controls and 1 patient with stroke, resulting
in a 7.9-fold decreased risk of stroke with this variant
(OR=0.13, 95% Cl 0.003 to 1.26).

Conclusions Cerebral vascular anatomy has a role in
BCVI-related stroke. Normal anatomy is not protective;
however, the increased collateral flow provided by a
persistent fetal-type enlarged posterior communicating
artery is likely protective. The identification of high-risk
patients may eventually allow for more tailored
treatment. Prospective, multi-institutional trials are
needed to further reduce the incidence BCVI-related
stroke.

Level of evidence Prognostic and epidemiological,
level 111.

BACKGROUND

First described in 1872 by Verneuil,' and thought
to be exceedingly rare until the 1980s, blunt cere-
brovascular injury (BCVI) is still recognized as a
relatively uncommon but potentially devastating
entity. Improved imaging and increased screening
along with the regionalization of trauma care over
the past 30 years has led to an incidence of ~2% of
all patients suffering blunt trauma.”” Without
treatment, these injuries can result in a stroke 10—
40% of the time, with the rate being variable by
the injury grade and the vessel(s) injured.” *=®

Cerebral vascular anatomy is typically described
as being divided into anterior and posterior circula-
tions, with the vessels that make up the circle of
Willis (COW) providing communication between
the two halves (figure 1). Variants in COW
anatomy are very common, with only 20% of
patients in anatomical studies having a complete
circle without any hypoplastic  segments.’
Variations in cerebral vascular anatomy, and specif-
ically the COW, have been implicated in increased
risk of ischemia due to the potential loss of collat-
eral flow.'7'?

Logically the incidence of stroke resulting from
BCVI that limits cerebral blood flow should be
influenced by cerebral vascular anatomy and collat-
eral flow; however, this has not previously been
studied. It has been hypothesized that having a
normal, intact COW should be protective against
ischemia, and that the converse should be true with
any variant that limits collateralization; however,
this has never been tested scientifically. Further
knowledge of these risks could have profound
treatment implications, especially in identifying
those patients at increased risk of stroke and, there-
fore, those in whom more aggressive therapy may
be warranted.

The purpose of this study was to evaluate the
anatomy of those patients with BCVI-related
stroke, and to determine if any anatomical variants
do in fact alter the risk of stroke. Our hypothesis,
based on the previously published stroke literature,
was that a normal COW would be protective
against BCVI-related stroke.

METHODS

Patients treated for BCVI at our institution from
2005 to 2015 were reviewed for inclusion in the
study. Data including demographics, injuries, ther-
apies, imaging, and development of stroke were
collected. Patients were excluded if imaging was
not available for review, or an acceptable matching
control patient could not be identified. Ethical
approval was obtained from the University of
Tennessee Health Science Center Institutional
Review Board.

A neuroradiologist reviewed all available imaging
including CT, CT angiography, digital subtraction
angiography (DSA), MRI, and MR angiography. All
patients with stroke were first confirmed to have a
stroke pattern that could be attributed to BCVL
Control patients were first matched by BCVI, then
by age, gender, and race when possible. Cerebral
vascular anatomy was reviewed in detail to describe
all COW vessels, any hypoplasia, and any other
variation from the classically described complete
COW; including but not limited to any persistent
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Figure 1  Circle of Willis (COW).

fetal anatomy or agenesis. COW anatomy was considered
normal when all vessels were present without any evidence of
hypoplasia or other collateralization.

Data were managed using REDCap electronic data capture
tools hosted at the University of Tennessee Health Science
Center.'® Statistical analysis was carried out in SAS V9.4 (SAS
Institute, Cary, North Carolina, USA). Demographics were com-
pared using a two-sample t-test or Wilcoxon rank-sum test,
while risk of stroke was determined by exact conditional logistic
regression analysis for the matched pairs. p Values <0.05 and
ORs that did not include 1 were considered statistically
significant.

RESULTS

Over the study period 457 patients were diagnosed with BCVI,
and 37 (89%) patients were identified as having a BCVI-related
stroke. Of these, 11 patients did not have a suitable injury-
matched control for inclusion in analysis, while 4 did not have
adequate imaging available for review and were not included in
analysis. The characteristics of the 22 patients and their
matched controls are shown in table 1. The only significant dif-
ference between the two groups was injury severity score, as
would be expected in the patients suffering a stroke. The per-
centage of patients treated with heparin and antiplatelet therapy
was not significantly different between the two groups.

Normal COW anatomy was described in 9 (41%) of the
patients with stroke and 2 (9%) of the control patients. This
made patients with a normal COW 5.8 times more likely to
experience a stroke (OR=5.78, 95% CI 1.15 to 28.6,
p=0.0339). The most common COW variant seen was a fetal-
type enlarged persistent posterior communicating artery

Table 1 Patient characteristics

Stroke (n=22) Control (n=22) p Value
Male (%) 45 59 0.5467
Age* 36+15 40+17 0.5261
Motor vehicle accident (%) 86 82 0.7379
Injury severity scoret 38 (34-50) 29 (22-36) 0.0050
Treated with heparin (%) 74 94 0.1797

*Mean=+SD.
tMedian (IQR).

(PCOM). This fetal-type PCOM was seen in 6 (27%) of the
control patients and only in 1 (5%) patient with stroke. The
presence of a fetal-type PCOM was associated with a 7.6-fold
decrease in the risk of stroke, a finding which did not achieve
statistical significance (OR=0.13, 95% CI 0.003 to 1.26,
p=0.0946).

The anterior communicating artery was absent in four of the
control patients and three patients with (OR=1.5, 95% CI
0.172 to 17.959, p=1.00). In three patients with both the right
and the left posterior communicating arteries were missing,
resulting in completely separated anterior and posterior circula-
tions, an occurrence which was not seen in any of the control
patients (OR=9.0, 95% CI 0.6596 to 122.7942, p=0.0833).
Eleven (50%) of the patients had a stroke that appeared to be
limited to a single cerebral vessel distribution, while the remain-
ing half suffered strokes in a multivessel distribution.

DISCUSSION

This study was designed to determine if there are variants of
COW anatomy that effect the risk of stroke in patients with
BCVI. Our hypothesis was incorrect; having a normal COW
does not seem to be enough to provide protection against
BCVI-related stroke. We believe this to be the most important
finding of this study as it is contrary to what we have long
believed to be true regarding cerebral vascular anatomy in
BCVI. Interestingly, this is contrary to most of what has been
published regarding other causes of stroke.'*'® Our best
explanation for this discrepancy is that the pathophysiology of
the stroke development with BCVI is often different from other
causes of stroke. Acute proximal flow limitation of the internal
carotid artery (ICA) should not commonly be seen outside of
trauma, making this a somewhat unique cause of stroke.

Difficulty arises in describing the large number of COW ana-
tomical variants, and there are some inconsistencies in the litera-
ture. There is specifically a lack of uniformity in anatomical
patterns described as ‘fetal’. The most common usage appears
to describe a posterior cerebral artery that arises entirely from
the ICA, making cerebral perfusion even more dependent on
the anterior circulation.'”” Our description of a fetal-type
PCOM refers to the setting of a PCOM that has a larger diam-
eter than the first segment of the posterior cerebral artery.

Our finding suggesting that an enlarged PCOM may be pro-
tective is supported by the literature. Hendrikse et al'® showed
that enhanced collateralization from the PCOM limited the
development of border zone infarcts in patients with unilateral
ICA stenosis. This would make sense since the PCOM serves to
collateralize flow between the anterior and posterior circula-
tions, and having a larger conduit should improve collateraliza-
tion. We believe that the small number of patients in our study
limited this finding from reaching statistical significance, but
should not be discounted and deserves further evaluation.
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Another important finding that did not achieve statistical sig-
nificance was the bilateral absence of a PCOM resulting in iso-
lated anterior and posterior circulations. Three of the patients
suffering a stroke were noted to have this condition, while all of
the control patients had at least one hypoplastic PCOM.
Isolated anterior and posterior circulations would seem to place
a patient with flow-limiting BCVI at higher risk of stroke, and
thus we believe that these patients deserve heightened observa-
tion and potentially may need more aggressive intervention.

Antithrombotic therapy continues to be the standard therapy
for BCVI, and has led to substantial reductions in the rate of
stroke since the 1980s.'” 2° While our data are not strong
enough to support changes to a treatment algorithm, there may
be very select patients who benefit from early stent placement in
flow-limiting injuries, and cerebral vascular anatomy should
probably factor into such a decision. The body of literature sup-
porting endovascular interventions for acute stroke outside of
trauma has grown, showing promising results for interventions
from thrombectomy to stent placement.”' > While routine stent
placement has been shown to provide no real benefit to patients
with BCVI, it may be worthwhile to evaluate the potential role
of endovascular interventions in those who develop ischemia in
an effort to reduce morbidity and improve outcomes, while
keeping in mind that the results of the medical stroke literature
may not be generalizable to this specific cause of stroke.

An important point of discussion which unfortunately lacks
data is the exact nature of BCVI-related stroke: low flow and
embolic. It has been hypothesized that flow-limiting lesions are
likely to cause low-flow ischemia and thus more likely to affect
the distribution of multiple cerebral arteries. In contrast, pseu-
doaneurysms are thought to be a more likely source of embolic
stroke resulting in single-vessel distribution ischemia. In this
study, the strokes were evenly divided between single-vessel and
multi-vessel distribution, which is the best surrogate that we
have for determining the etiology of stroke in this setting. This
aspect of BCVI-related stroke may be critical to the advance-
ment of treatment. For example, flow-limiting lesions that may
result in a stroke would seem less likely to be effectively
treated with antithrombotic therapy alone. There are many
barriers to advancing our understanding of this aspect of
BCVI-related stroke: definitive diagnosis of embolic versus
low-flow strokes, confounding anatomy, and pre-existing vas-
cular disease to start. Unfortunately, there is a paucity of data
investigating the etiology of stroke following BCVI but we
believe this may be one of the most important directions of
future study if the incidence of stroke and outcomes are to be
further improved.

The most important limitation of this study is the small
cohort of patients able to be included. The effectiveness of
anticoagulation in preventing BCVI-related stroke has fortu-
nately made it difficult to accrue a sizable number of patients
for analysis. Selection bias may also exist with regard to the ana-
tomical variants observed, again due to the small number of
patients available. Additionally, bias may exist in the interpret-
ation of the imaging, as it was not possible to provide complete
imaging for detailed analysis and blind the radiologist to the
stroke status of each patient. Generalizability may be limited as
our institution is one of very few that continues to perform con-
firmatory DSA to confirm the diagnosis of BCVI at admission to
limit false-positive diagnoses.

CONCLUSION
COW anatomy is important to the generation of BCVI-related
stroke. Contrary to our long-held hypothesis, the presence of

normal cerebral vascular anatomy is not enough to protect
against stroke. Completely separate anterior and posterior cere-
bral circulation likely places patients at higher risk of stroke,
while the presence of a fetal-type PCOM may be protective, but
these findings deserve further study. Owing to the relatively low
incidence of BCVI, cooperative multi-institutional trials will
be required to continue advancement in the prevention of
BCVI-related stroke.
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