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ABSTRACT

Penetrating cerebrovascular injuries (PCVIs) are often life-threatening, with trauma to the carotid or vertebral arteries potentially
causing severe neurological deficits. This study aimed to retrospectively examine two cases of severe penetrating cerebrovascular
injury with unstable hemodynamics that resulted in markedly different neurological outcomes. The first patient was struck by a
high-speed metal rod, sustained injuries to the right common carotid and right vertebral arteries and was admitted to our hospital
10 h after the trauma. The second patient, who was stabbed, sustained an injury to the right vertebral artery and was admitted to
our hospital 1 h after the trauma. Both patients had injuries in zone Il of the right lateral neck. The first patient underwent ligation of
the right vertebral artery and anastomosis of the right common carotid artery using an interposition graft from the autologous great
saphenous vein, resulting in an asymptomatic infarction of the ipsilateral frontal lobe. The second patient only underwent ligation of
the right vertebral artery, which ultimately led to an occipital lobe infarction and subsequent visual field deficits. These contrasting
outcomes underscore the critical influence of cerebrovascular anatomical variations. Penetrating cerebrovascular injuries may pose
significant risks of neurological impairment, particularly in the presence of important vascular anatomical variants. Revascularization
should be considered as a primary treatment option for patients with cerebral vessel malformations.

KEYWORDS: Cerebrovascular trauma, Carotid artery injuries, Traumatic vertebral artery dissection, Neurologic deficits, Anatomic
variation

ABBREVIATIONS: BP: Blood pressure, CCA: Common carotid artery, CT: Computed tomography; CTA: CT angiography, DSA:
Digital subtraction angiography, PCVI: Penetrating cerebrovascular injury, PComA: Posterior communicating artery, PRBC: Packed
red blood cells, VA: Vertebral artery

B INTRODUCTION

enetrating cerebrovascular injury (PCVI) is an uncom-
Pmon, but fatal condition (4,23). The common carotid

artery (CCA), a major conduit of blood to the head and
neck, and the vertebral artery (VA), which is responsible for
supplying the posterior part of the brain, are crucial compo-
nents of the cervical vascular system. Injuries to these arter-
ies, whether blunt or penetrating, carry high morbidity and
mortality rates (16,25).

For penetrating neck injuries, clinicians typically opt for se-
lective surgical interventions following a thorough examina-
tion, particularly to assess digestive and respiratory functions
(21,25). Surgical exploration becomes mandatory in patients
with hemodynamic instability, whereas a selective treatment
strategy is employed for stable patients, reducing unneces-
sary surgeries by approximately 59% (21). Studies have pri-
marily reported general treatment outcomes, indicating that
these approaches are safe (17).
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However, few investigations have examined the relationship
between neurological dysfunction, the severity of penetrating
cerebrovascular injuries, and cerebrovascular anatomy. This
study aimed to analyze the treatment outcomes in two PCVI
cases, with a particular focus on neurological deficit compli-
cations.

B CASE REPORT
Case 1

A 57-year-old female was struck on the right lateral neck
(zone ll) by a high-speed, 10 cm metal rod (Figure 1A and 1B).
Upon admission to a local hospital, computed tomography
(CT) angiography (CTA) indicated suspected perforations of
the CCA and VA (Figure 1C). An initial exploratory surgery
failed to control the bleeding. The patient was intubated,
sedated, maintained on the vasopressor norepinephrine, and
transferred to our emergency room approximately 10 h post-
injury. Exploratory surgery was immediately performed again
in the operating room.

Intraoperatively, both the right CCA and VA were found to be
lacerated with near-complete transection (both Biffl grade V)
(Figure 2A, Table 1) (2,6). The VA was ligated first. The CCA was
debrided and temporarily shunted using a modified T-tube,

Table I: Biffl Classification for Traumatic Cerebrovascular Injury (2)
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followed by definitive reconstruction with an autologous great
saphenous vein graft harvested from the contralateral thigh
(Figure 2B-D). CCA repair was completed in approximately
30 min, after which the patient’s hemodynamics stabilized.
The total intraoperative blood loss was 1,500 mL, requiring
transfusion of 6 units of packed red blood cells (PRBCs) and
950 mL of autologous whole blood.

Postoperatively, non-contrast cranial CT revealed a small ipsi-
lateral frontal lobe infarction (Figure 3A), although the patient
remained neurologically intact. Routine Doppler ultrasonogra-
phy revealed thrombosis at the CCA anastomotic site. A sub-
sequent CTA revealed vascular occlusions measuring 5 cm in
the right CCA and 3.5 cm in the right VA (Figure 3B and 3C).
Although stent graft placement via digital subtraction angiog-
raphy (DSA) was attempted, contralateral CCA stenosis pre-
cluded this intervention. The patient received dual antiplatelet
therapy (aspirin 100 mg/day and clopidogrel 75 mg/day) for
3 months along with a therapeutic dose of enoxaparin (4,000
AXalU/day).

The patient developed a midsternal wound infection that
resolved following debridement and negative pressure wound
therapy. In addition, the patient experienced hoarseness, and
ipsilateral vocal cord paralysis was detected via laryngoscopy.
The patient ultimately achieved complete recovery and was
discharged without any residual complications.

Biffl grade Description

| Luminal irregularity or dissection with < 25% luminal narrowing

] Dissection or intramural hematoma with > 25% luminal narrowing, intraluminal thrombus, or raised intimal flap
Ml Pseudoaneurysm

\Y Occlusion

\Y Transection with free extravasation

Figure 1: Preoperative images of case 1.
A) The location of penetrating injury in the
neck. B) Metal rod penetrating the neck.
C) Preoperative CTA showing injured
segments of the right CCA and VA. The
blue arrow indicates the injured segment of
the right VA and the black arrow indicates
the injured segment of the right CCA.
Abbreviations: CCA: common carotid
artery; CTA: computed tomography
angiography; VA: vertebral artery.
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Figure 2: Intraoperative images of case 1. A) The laceration site in the right CCA. B) Temporary shunting procedure prior to anastomosis.
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C) Trimming the injured right CCA segment. D) Anastomosis was performed using a self-great saphenous vein graft from the contralateral

thigh. Abbreviations: CCA, common carotid artery.

Case 2

A 31-year-old male presented to our trauma center approxi-
mately 1 h after sustaining multiple stab wounds involving the
right lateral neck (zone Il), head, right anterior chest, and left
elbow. On admission, the patient was conscious but hemo-
dynamically unstable with tachycardia (heart rate, 120 beats
per minute), tachypnea (respiratory rate, 24 breaths per min-
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Figure 3: Postoperative images of
case 1. A) Non-contrast cranial CT
showing a small ischemic infarction
in the ipsilateral frontal cerebral lobe.
B) Postoperative occlusion of the
injured CCA and VA segments. The
red circle indicates the occluded right
CCA segment. Red arrow indicates
an occluded segment of the right

VA. C) CTA showing the relative
occluded lengths of the right CCA
and VA. CCA: Common carotid artery;
CT: Computed tomography; CTA:
computed tomography angiography;
VA: vertebral artery.

ute), and hypotension (blood pressure (BP) 70/50 mmHg).
Active hemorrhage from the right neck wound was noted,
accompanied by hematemesis. Initial hemorrhage control
was achieved using a Foley catheter with balloon tamponade
(Figure 4A). Resuscitation included transfusion of 2 units of
PRBCs and vasopressor support through a central venous
catheter, resulting in hemodynamic improvement (systolic BP
> 90 mmHg). Emergency CTA demonstrated luminal narrow-
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Figure 4: Pre-, intra-, and postoperative images of case 2. A) Foley catheter with a balloon tamponade was used to control the
hemorrhage. B) Preoperative CTA showing injured segments of the right VA (red arrow). C) Laceration of proximal esophagus (white
arrow). D) Grayscale visual field analysis showing complete left eye blindness and right homonymous hemianopsia (upper panel: left eye;
lower panel: right eye). E) Postoperative non-contrast cranial CT imaging showing an ischemic infarction in the left occipital lobe (blue
arrow). F) Postoperative occlusion of the injured VA segment (red circles). G) CTA showing occlusion of the left PComA (white arrow) and
hypoplasia of the right PComA (blue arrow). CT: Computed tomography; CTA: Computed tomography angiography, VA: Vertebral artery;
PComA: Posterior communicating artery.

ing of the right vertebral artery at the C5 transverse foramen
segment, consistent with a vascular injury (Figure 4B). Subse-
quently, the patient was transported to the operating room for
exploratory surgery.

Surgical exploration confirmed complete transection (Biffl
grade V) of the right VA and the accompanying vein, along
with laceration of the proximal esophagus (Figure 4C).
The vertebral vessels were surgically ligated and primary
esophageal repair was performed by placing a closed suction
drain adjacent to the repair site. The procedure resulted in
an estimated blood loss of 500 mL, requiring transfusion of
6 units of PRBCs and 350 mL of fresh frozen plasma. The
patient received enoxaparin monotherapy (4,000 AXalU/day)
for thromboembolic prophylaxis.

The patient developed almost complete left eye blindness and
right homonymous hemianopia postoperatively, with visual

field defects confirmed by standardized ophthalmic perimetry
(Figure 4D). Non-contrast cranial CT revealed an acute
infarction in the left occipital lobe. Subsequent CTA revealed
occlusion of the right VA and left posterior communicating
artery (PComA) along with hypoplasia of the right PComA
(Figures 4E-G). The patient was discharged with persistent
visual field deficit.

B DISCUSSION

PCVI accounts for approximately 25% of penetrating neck
injuries, with the carotid artery involved in 80% of cases and
the vertebral artery in 43% (13). These injuries carry high
risks of hypovolemic shock, ischemic cerebral infarction, and
mortality. Reported mortality rates range from 2.6% to 26%,
whereas ischemic infarction ranges from 9% to 30% (5,18).
Persistent neurological deficits have been reported in up to
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Figure 5: Treatment algorithm of penetrating neck injury involving cerebrovascular injuries. CTA: computed tomography angiography,

DSA: digital subtraction angiography.

80% of cases (26). Both cases in this study involved severe
Biffl grade V cerebrovascular injuries. Previous studies have
consistently demonstrated that higher Biffl grades are strongly
correlated with an increased incidence of in-hospital stroke
(22,26).

The CCA and internal carotid artery serve as the principal
conduits for the anterior cerebral circulation. As such, inju-
ries to these arteries are particularly threatening to cerebral
perfusion. Current management protocols recommend DSA
for hemodynamically stable patients with zone | (between the
cricoid cartilage and clavicle) or zone Ill (above the mandible)
injuries, where the anatomical complexity favors endovascu-
lar approaches (18). In contrast, hemodynamically unstable
patients require immediate surgical exploration regardless of
the injury location. Both cases presented here involved zone |l
injuries (between the mandible and the cricoid cartilage) that
necessitated open surgical intervention.

Revascularization of the CCA or internal carotid artery remains
the preferred treatment for eligible patients, except in cases
of preoperative neurological deficits, in which arterial ligation
may be required (7,18). Current evidence suggests that CCA
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ligation should be considered only in comatose patients with
prograde flow during surgical exploration, as documented in a
previous study (12). The available revascularization options in-
clude primary repair and interposition grafting when anatomi-
cally feasible. Temporary intravascular shunt placement, while
serving as a damage-control technique, has been associated
with an increased risk of stroke and mortality (5).

The unique hemodynamic characteristics of the circle of Wil-
lis predispose patients to cerebral infarction when ipsilateral
arterial supply is diminished or absent (19). In the first case,
the patient was sedated upon arrival at the emergency depart-
ment, which prevented immediate neurological assessments.
Despite a 10-h delay from injury to treatment, successful in-
terposition grafting was achieved using the contralateral great
saphenous vein. Postoperative imaging revealed thrombosis
at the anastomotic site with subsequent development of a
small, asymptomatic right frontal lobe infarction. The like-
ly pathophysiological mechanisms include: (a) cerebral hy-
poperfusion secondary to hemorrhagic shock and (b) throm-
boembolic events originating from the injured right CCA. The
preserved blood flow through the contralateral CCA and VA
(Figure 3C) likely limited the extent of the cerebral infarction.



Literature typically recommends ligation or embolization for
unilateral VA injuries (10,18,21). VA ligation is generally con-
sidered to carry minimal risk of cerebral complications, par-
ticularly unilateral injuries (10). Notably, bilateral VA injuries
require prompt intervention through endovascular techniques
or cervical immobilization to maintain adequate posterior cir-
culation perfusion and prevent catastrophic neurological out-
comes (9). Hypotension has been found to increase the risk of
stroke by 1.32-fold compared to patients without hypotension,
particularly in those with internal watershed infarctions (3,22).
In case 2, the patient developed a left occipital lobe infarction
and bilateral visual field defects after the injury. Left occipital
lobe infarction may partially contribute to the bilateral visual
field defects. However, near-blindness of the left eye cannot
be explained only by left occipital lobe infarction and requires
further investigation. The infarction area is always ipsilateral
to the injured vertebral artery; however, this was not the case
here (1). The infarction likely resulted from multiple contrib-
uting mechanisms: (a) cerebral hypoperfusion secondary to
hypotensive shock, leading to a critical reduction in effective
cerebral blood flow; (b) ligation of the right VA, which signifi-
cantly diminished posterior circulation; (c) occlusion of the left
PComA combined with hypoplasia of the right PComA, further
limiting collateral perfusion to the posterior cerebral circula-
tion and exacerbating ischemia in the left occipital lobe; and
(d) thromboembolism originating from the site of injury to the
right VA. A previous study also revealed that small (<1 mm in
diameter) or absent ipsilateral PComAs contribute to the oc-
currence of ischemic infarction (19). This finding underscores
the need for a cautious approach to VA injury management,
particularly in cases of hypovolemic shock and vascular ana-
tomical variants.

Preoperative CTA plays a critical role in detecting circles of
Willis abnormalities, including stenoses or congenital malfor-
mations, which may worsen cerebral ischemia during hypo-
tensive shock or reduced arterial flow. Research has highlight-
ed several aspects of the risks associated with VA injuries.
Anatomical predispositions to injury, such as artery placement
relative to cervical structures, increase susceptibility to trau-
ma-induced vertebrobasilar insufficiency (15). Even when
ligation appears successful, pseudoaneurysms and throm-
boembolisms have been reported, necessitating long-term
monitoring (14). Preoperative CTA is particularly valuable for
evaluating potential collateral pathways, including deep cervi-
cal arterial networks, which may significantly influence post-li-
gation ischemic outcomes (20). Studies have also confirmed
that unilateral vertebral artery ligation can be performed safely
only when preoperative evaluations demonstrate adequate
compensatory flow from the contralateral artery (8). Thus, the
second patient’s severe neurological deficits following VA li-
gation directly correlated with the preexisting circle of Willis
abnormalities. Occlusion of the left PComA in case 2 further
contributed to decreased blood flow in the posterior cerebral
circulation, particularly on the left side. In contrast, the first
patient avoided major complications despite combined carot-
id and vertebral injuries, probably because of the preserved
normal vascular anatomy.
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The revascularization of VA injuries typically involves the use of
endovascular stents (17). A significant limitation was the lack
of suitable-caliber stents (11). Embolization is a viable salvage
option when distal stent deployment is not feasible. The
complex anatomical course of the VA through the transverse
foramina and cervical plexus makes open surgical repair
particularly demanding. However, innovative techniques show
promise. V3 segment-deep cervical artery anastomosis may
effectively restore posterior circulation perfusion (24), whereas
bypass grafting from the ipsilateral external carotid artery to
the VA at the C1 level has demonstrated clinical efficacy (8).

The two cases in this series collectively demonstrate that re-
vascularization should constitute the primary treatment strate-
gy for both CCA and VA injuries. Methods such as open surgi-
cal ligation or embolization may be acceptable under specific
circumstances as mentioned above. Based on these findings,
we proposed a promising treatment algorithm (Figure 5). A
critical component of this approach is comprehensive preop-
erative vascular imaging (initially with CTA, and DSA if neces-
sary) of the carotid arterial and vertebral arterial systems to
identify potentially compromising anatomical variants before
ligation of the great vessels. Therefore, DSA may be an option
for the diagnosis, treatment, and follow-up of patients with
stable disease. Careful consideration should be given to avoid
ligation or embolization to minimize the risk of symptomatic
cerebral infarction in certain cases. Additionally, the anatom-
ical zone of neck injury should be considered when selecting
the appropriate treatment strategy.

B CONCLUSION

Anatomic variation is a critical determinant of outcomes in
penetrating cerebrovascular injury. Revascularization is es-
sential to prevent cerebral infarction and permanent neurolog-
ic impairment when treating patients with significant cerebro-
vascular variants.
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