
INTRODUCTION 

Penetrating neck injuries are a surgical challenge because of the 
anatomical complexity of this region. The neck contains many 
important communicating structures between the head and tor-
so, including blood vessels, the aerodigestive tract, vertebrae, and 
the spinal cord in a small area. In particular, penetrating neck in-
juries associated with carotid artery injuries are known to have a 
high mortality rate [1–3]. With the recent advent of selective 
nonoperative management for penetrating neck injuries, neck 
exploration is not always mandatory [3–5]. However, overt exter-
nal hemorrhage is unanimously considered to be an indication 
for surgical exploration. Here, we present a case of successful sur-
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gical management for a penetrating common carotid artery 
(CCA) injury caused by a metal fragment using a Pruitt-F3 Ca-
rotid Shunt (LeMaitre Vascular Inc., Burlington, MA, USA) in a 
60-year-old male patient. 

This study was approved by the Institutional Review Board of 
the Gachon University Gil Medical Center, Gachon University 
College of Medicine, Incheon, Korea (No. GDIRB 2022-142). 
The patient provided informed consent for publication of the re-
search details and clinical images.

CASE REPORT 

A 60-year-old male patient was transferred to the regional trau-
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ma center of Gachon University Gil Medical Center due to a 
metal fragment piercing his neck while working. Active pulsatile 
bleeding was observed from a 3-cm-long external wound on the 
anterior neck (zone II). Endotracheal intubation was performed 
immediately with manual compression using the second finger. 
The initial vital signs were a blood pressure of 81/59 mmHg, a 
heart rate of 51 beats/min, a respiratory rate of 26 breaths/min, 
and a temperature of 35.6°C. The initial SpO2 was 96%. His men-
tal status was semicomatose. 

A decision was made to perform emergent neck exploration. 
An oblique skin incision was made along the left sternocleido-
mastoid muscle. Neck exploration showed near-total transection 
of the left CCA just below the carotid bifurcation. The left inter-
nal jugular vein was also transected. A Pruitt-F3 Carotid Shunt 
was applied immediately to the injured carotid artery as a tempo-
rary vascular shunt (Figs. 1, 2). A proximal and distal occlusion 
balloon (blue and white) were inserted into the CCA and internal 
carotid artery (ICA), respectively. After applying the Pruitt-F3 
Carotid Shunt as a temporary vascular shunt, each end of the 
transected arteries was trimmed. After trimming each end, inter-
position of a 3-cm-long polytetrafluoroethylene graft (8-mm di-
ameter) was performed because the remaining ends were too 
short for re-anastomosis (Fig. 3). The transected internal jugular 
vein was ligated. A metal fragment (1.5× 0.5× 0.5 cm) was iden-
tified and removed from the neck (Fig. 4). Computed tomogra-
phy (CT) angiography for the brain and neck was performed 1 

day after the operation (Fig. 5A). The repaired carotid artery was 
patent (Fig. 5A). There were no abnormal findings of the brain 
parenchyma on CT (Fig. 5B). However, an acute infarction with 
diffusion restriction in the left middle-cerebral artery territory 
and right frontal lobe was identified on brain diffusion magnetic 
resonance imaging that was performed at 3 days postoperatively 
(Fig. 6). Aspirin and mannitol were administered for the cerebral 
infarction thereafter. The patient was transferred to the Depart-
ment of Neurology for management of the cerebral infarction. 
The Korean National Institute of Health Stroke Scale (NIHSS) 
score was 23 points at this time. He was discharged to another 
hospital for rehabilitation on the 15th postoperative day, with an 
improved NIHSS score (13 points). 

DISCUSSION 

The treatment of penetrating neck injuries has changed from 

Fig. 1. A Pruitt-F3 Carotid Shunt (LeMaitre Vascular Inc., Burling-
ton, MA, USA).

Fig. 2. A Pruitt-F3 Carotid Shunt (LeMaitre Vascular Inc., Burling-
ton, MA, USA) was applied to the injured carotid artery.

Fig. 3. Graft interposition under a carotid shunt. (A) Application of 
a Pruitt-F3 Carotid Shunt (LeMaitre Vascular Inc., Burlington, MA, 
USA) to the transected common carotid artery. (B) Polytetrafluoro-
ethylene graft interposition was performed.
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datory neck exploration [3–5]. Emergent neck exploration is in-
dicated if there are overt symptoms or signs, including airway 
compromise, massive subcutaneous emphysema, active bleeding, 
shock, stroke, and expanding hematoma [3–5]. This patient ex-
perienced massive external bleeding with shock, which was an 
indication for emergent surgery. 

A penetrating injury to zone II can cause a major vascular inju-
ry in up to 50% of cases [6]. Injury of the ICA or CCA is associat-
ed with high rates of mortality and central neurologic deficits 
[1,7]. 

Previous reports described poorer outcomes for the ligation 
of ICA or CCA injuries than for the repair of ICA or CCA in-
juries [3,8–14]. Patients who underwent ligation had higher 
rates of mortality (22% vs.10%) and stroke (88.9% vs. 33.3%) 
than those who underwent repair [3]. Therefore, if possible, 
repair of the injured carotid artery is recommended rather than 
ligation [3]. 

More than 30 studies have analyzed the use of a temporary 
vascular shunt during the operation [3,15]. Nonetheless, there is 
still no definite indication for using a temporary vascular shunt 
during surgery, because most of the studies were small case series 

Fig. 4. A metal fragment removed from the wound.

Fig. 5. Brain computed tomography angiography one day after op-
eration. (A) Repaired left common carotid artery (arrow). (B) There 
are no abnormal findings of the brain parenchyma on the computed 
tomography scan.

mandatory neck exploration to selective nonoperative manage-
ment [3–5] due to advances in diagnostic modalities. This ap-
proach prevents unnecessary complications accompanying man-
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Fig. 6. Brain magnetic resonance imaging 3 days after operation. An 
acute infarction with diffusion restriction in the left middle-cerebral 
artery territory and right frontal lobe appears on brain diffusion mag-
netic resonance imaging performed on postoperative day 3.
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[3]. The largest retrospective study was published by Asensio et 
al. [3] in 2020. Their study was conducted using 32 articles per-
formed between 1960 and 2018 [3]. The researchers found 973 
patients with penetrating ICA and CCA injuries, of whom 136 
(14%) underwent ligation and were excluded from the analysis 
[3]. Of the remaining 837 patients, 126 (15.1%) were treated with 
shunts (WS) and 711 (84.9%) without shunts (WOS) [3]. They 
concluded that patients with penetrating ICA and CCA injuries 
repaired with temporary shunts had a slightly lower mortality 
rate (WS, 5.6% vs. WOS, 11.1%; P = 0.058) and similar or un-
changed neurological outcomes versus those repaired without 
shunts (neurological improvement rate: WS, 14.2% vs. WOS, 
13.7%; P= 0.8; neurological worsening rate: WS, 3.4% vs. WOS, 
9.0%; P= 0.038) [3]. Summarizing the above results, a temporary 
intraoperative shunt is recommended for patients requiring com-
plex vascular anastomosis. A temporary shunt should be applied 
according to the situation. For a tiny injury that can be repaired 
simply and primarily, primary repair without a shunt is consid-
ered first. However, according to our experiences, most carotid 
artery injuries are accompanied by atheromatous changes of the 
arteries and severe dissection of the intima. We think that the 
high pressure of the CCA coming directly from the aorta may in-
flict additional damage. We usually perform segmental resection 
and anastomosis in a short segmental injury with clean endothe-
lium, but this patient had a long segmental injury and dirty ath-
eromatous endothelium. We resected extensively to see a clean 
and healthy endothelium and interposed the graft. Therefore, 
surgeons should always consider using a shunt if a procedure be-
comes complicated.  

The Pruitt-F3 Carotid Shunt is commonly used for carotid 
endarterectomy. There is no consensus on which shunt is best. 
There are two occlusion balloons in the Pruitt-F3 Carotid 
Shunt, which prevent additional vascular injury with no need 
for a vascular clamp. Identification of backflow is possible due 
to the presence of the middle channel in the Pruitt-F3 Carotid 
Shunt. We think that this shunt is usable for most peripheral ar-
tery injuries, including those affecting the carotid and femoral 
arteries. 

The latest and largest study supports using a temporary shunt 
[3]; therefore, we decided to use a temporary vascular shunt 
during the operation. However, in our case, the patient did not 
avoid cerebral infarction as a complication of carotid injury, 
which may have been due to the ischemic time. 

In conclusion, emergent surgery is mandatory for cases of a 
penetrating neck injury with overt signs. Repair of the injured 
CCA should be considered first if it is possible. The use of a tem-

porary vascular shunt during the operation is recommended for 
penetrating carotid artery injuries, depending on the intraopera-
tive circumstances. 
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