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Introduction

Penetrating neck injury (PNI) is challenging due to in 
evaluation and management. Vital organ structures, in-
cluding the major blood vessels, spinal cord, trachea, and 
esophagus, pass through the neck region, and are tightly 
packed in a relatively small area. Mahmoodie et al.10) re-
ported that vascular exploration was the most common rea-
son for surgery (in 67.2% of their patients) and the most 
common surgical intervention was vein ligation. Complica-

tions were reported in 9.3% of their patients and the mor-
tality rate was 1.5%. 

Penetrating brain injury (PBI) is less prevalent than blunt 
injury, but has a worse prognosis and a higher mortality 
rate.9) Foreign bodies can cause immediate complications 
such as intracranial hemorrhage, pneumocephalus, contu-
sion, and brain or brain stem injury, and can lead to infarc-
tion due to damaged vascular territories, abscess, menin-
gitis, and encephalitis. Several imaging techniques have 
been recommended and a flow chart has been developed 
for precise evaluation of PBI. However, there is no definite 
guideline in these patients.1,8,14)

Here we describe a patient who presented with an injury 
penetrating through the neck to the posterior fossa as the 
result of an accidental stabbing, focusing on imaging stud-
ies for rational and precise decision-making. 
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with a stab wound on the left side of the upper posterior 
neck (Figure 1). He was intoxicated, with an initial blood 
ethanol level of 255 mg/mL. He was not able to communi-
cate and was not cooperative on neurologic examination. 
The initial blood pressure was 143/90 mmHg, pulse rate 
was 109 beats/minute, and respiratory rate was 15 times/
minute. Hemoglobin was 13.8 g/mL and the platelet count 
was 324,000/μL. Other laboratory findings were within 
normal range. There was no massive hemorrhage in the 
head or neck on three-dimensional high-resolution com-
puted tomography (HRCT) and the cervical spine, tra-
chea, and esophagus were intact. The knife had pierced 
the paraspinal muscles and the base of the occipital bone 
behind the stylomastoid foramen (Figure 2). The tip of the 
knife lay on the roof of the fourth ventricle. The patency of 
the left cervical carotid artery was suspected to be intact 
because there was no perivascular hematoma or leakage 
of blood around the vessel (Figure 3). No signs of tearing 
were seen in the basilar artery or its major vessels, includ-
ing the posterior inferior cerebellar artery. However, be-
cause of the metal artifact, we could not guarantee that there 
were no combined vascular injuries. Computed tomogra-
phy (CT) revealed no intraventricular hemorrhage in the 
fourth ventricle. We then performed digital subtraction an-
giography (DSA) to further investigate possible damage 
to the vascular structures. On injection of the left carotid ar-

tery, the blood flow was intact and showed no signs of arte-
rial damage (Figure 4). On injection of the left vertebral ar-
tery, the arterial and venous phases indicated normal patency 
(Figure 5).

Based on these imaging findings, we proceeded to sur-

FIGURE 1. Photograph taken in the emer-
gency room. (A) The knife is shown to be 
penetrating from behind the left mandi-
ble (B) toward the occiput.A B

FIGURE 3. High-resolution computed tomography showing the 
major vessels (white circle) were a little apart from the blade of 
the penetrating knife. Internal carotid artery (narrow black ar-
row), internal jugular vein (white arrow), and vertebral artery 
(black arrow).

FIGURE 2. (A) Three-dimensional re-
constructed computed tomography show-
ing that the knife pierced the paraspinal 
muscles on the left side and (B) the base 
of the occipital bone behind the stylo-
mastoid foramen.A B
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gery to remove the knife and explore the penetrating wound 
using a microscope with simultaneous preparation for open 
craniotomy. The knife was gently removed without much 
difficulty under general anesthesia. There was minimal 
bleeding from the stabbing canal and there appeared to be 
no active bleeding from the major vessels. After about 20 
minutes of observation, the wound was carefully irrigated 
and subsequently closed. 

On the postoperative CT scan, a small hemorrhage was 
noted on the left cerebellar tonsil, but this was seen to re-
solve gradually on follow-up CT. The patient made a full 
recovery without any neurologic deficit, and was discharged 
on postoperative day 18.

Discussion

It is widely known that when assessing a PNI, the neck 
region can be divided into three areas according to the point 
of entry of the foreign body. Zone I is the horizontal area 
between the clavicle and cricoid cartilage. The common ca-
rotid arteries, proximal vertebral arteries, subclavian ar-
teries, trachea, and esophagus are located in this area. Zone 
II is the area between the cricoid cartilage and the angle of 
the mandible. Zone III is the area between the angle of the 

mandible and the base of the skull, through which pass the 
distal external carotid arteries, vertebral arteries and jugu-
lar veins. Therefore, the present case can be considered a 
Zone III PNI. A foreign body in the neck can damage vital 
structures, including the major blood vessels, trachea, and 
esophagus, resulting in increased risk of mortality and mor-
bidity. Singh et al.13) reported that the current mortality rate 
for PNI is 3% to 6% and one of the most common compli-
cations of PNI are vascular trauma, occurring in 25% of 
cases, with mortality rates approaching 50%. Evaluation 
for injury to major structures is the first important task to 
perform in the emergency room. 

Gracias et al.6) have recommended CT scanning as an ac-
curate and rapid method for evaluating the trajectory of 
penetration and Saito et al.12) have reported that CT angiog-
raphy has high sensitivity and a negative predictive value 
for vascular injury. However, the artifact generated by the 
foreign body on CT scan is a major obstacle when trying to 
determine if the surrounding structures are free from inju-
ry, as it was in this case. Some authors have also reported 
DSA to be a useful tool for evaluation of PBI and PNI.3,7) 
DSA can provide clinicians with much information, in-
cluding on vessel patency, leakage of blood, delayed capil-
lary refill time, and any other vascular abnormalities. 

FIGURE 4. Injection of the left carotid 
artery in digital subtraction angiography 
showed a patent carotid artery; howev-
er, it is not clear if foreign material is 
pressing on the artery. (A) Anterior pos-
terior projection (B), lateral projection. A B

FIGURE 5. On digital subtraction angi-
ography, injection of the left vertebral 
artery showed this vessel to be patent. 
(A) Anterior-posterior projection and (B) 
lateral projection. A B
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However, DSA has several limitations and complications. 
First, it is time-consuming to perform and requires the pa-
tient to be taken to the angiography suite, so may not be 
suitable for unstable patients. In addition, as Ferguson et 
al.5) have pointed out, DSA still misses about 1% of vascu-
lar injuries. Nevertheless, the use of three-dimensional ro-
tational angiography can provide detailed structural infor-
mation enabling precise pre-surgical planning. In our 
case, the blade was crossing over the major arterial passage. 
The vessel injuries were not fully appreciated on conven-
tional two-dimensional images because the vessels and the 
foreign body were seen as overlapped. DSA with rotation-
al images was necessary to gain additional views from vari-
ous projection angles.

Because of high-resolution image study modality, the se-
lective operation and conservative management is one of 
options in treatment of PNI. Also, adequate exploration can 
reduce tissue damages and decrease morbidity rate. Cosan 
et al.4) reported that simple withdrawal of material can be 
one of the treatment methods in penetrating injuries. For 
using this simple withdrawal method, neurovascular eval-
uation should be fully done and interpretation should be 
careful. The shape of penetrating material and vector are 
also considerable factors in penetrating injuries. In the stab 
wound cases, the tract is cone shape. The diameter of han-
dle is much larger than tip of the knife. Removal material 
opposite to stabbing vector is much safer than removal from 
the tip.

Cerebrospinal fluid (CSF) leakage is one of the most com-
mon complications after traumatic brain injury. Bell et al.2) 
reported that 4.6% cases of traumatic brain injury devel-
oped post-traumatic CSF leakage. In this case, there was 
no definite clue for suggesting CSF leakage on post-oper-
ative CT scan and clinical presentation. Because it is one 
of the most common complications and it can increase the 
mortality, close observation and image study should be 
done for follow up period. The most common treatment of 
CSF leakage is an exploration and closure of leakage point 
tightly. Interestingly, Meirowsky et al.11) reported there was 
a spontaneous closure of CSF leakage in 44% patients who 
had fistulas complicating missile wounds of the brain. The 
characteristics of the entry and exit zone, transventricular 
trajectories, existence of air sinus penetration are risk fac-
tors of CSF leakage. In this case, there is no evidence of 
CSF leakage in operation fields. The distance between en-
try zone and penetrated dura is longer than a skull vault 
penetrating injury. Also, large amount of neck muscle and 
fascia can seal of CSF leakage. In that reasons, we do not 
explore penetrated dura site, just tightly close neck muscle 

and fascia. There is no CSF leakage sign and symptom post-
operatively. But, limited debridement can be a limitation 
of this procedure method. Removal of infected tissue is an-
other aim of exploration. Surgeon can explore just via a 
small canal and irrigation through it. There is no evidence 
of infection in this case. But, the risk of simple withdrawal 
of material and comparison to mandatory exploration should 
be evaluated near future.

As in this case, when a vessel injury is suspected, the ini-
tial HRCT evaluation should be coupled with DSA to avoid 
inappropriate management of PNI and PBI. 

Conclusion

PNI and PBI are complex and come with high morbidity 
and mortality rates. The most common cause of these com-
plications is vascular injury. The initial evaluation of a com-
bined injury in Zone III and the posterior fossa should in-
clude not only the soft and musculoskeletal tissue but also 
assessment for vascular injury. HRCT is a suitable tool for 
the initial overall evaluation and DSA is a specific and ac-
curate tool for detection of vascular injury. After careful 
evaluation and interpretation, simple withdrawal of stabbed 
material can be a choice of treatment. 
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