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ABSTRACT
The arteriovenous fistulas (AVFs) of the vertebral artery are usually caused by iatrogenic and penetrating traumas. Vertebral AVF is
rarely seen after blunt cervical trauma. A 65-year-old male patient applied to the emergency clinic due to falling from a height of about
3 m. In his neurological examination, he had weakness in the left upper limb and tinnitus in the left ear. The cervical computed tomography examination showed a Hangman’s fracture, a C3 vertebra corpus compression fracture, and a C1 anterior arch fracture. There
was a separation on the C1-2 transverse foramen due to the fracture, and there was a fracture in the left C3-4 transverse foramen.
In cervical magnetic resonance imaging (MRI), the presence of a contusion in the spinal cord at the C2 corpus level was observed.
Through an MRI angiography examination of the vertebral artery, it was determined that the left vertebral artery had developed an
AVF at the V2-3 segment level. Stabilization surgery was performed with a posterior approach for unstable vertebrae. Then, vertebral
AVF was then closed endovascularly using a stent coil. Improvement in neurological deficit was seen after surgery and endovascular
treatment. There were no complications related to the procedure. Transverse foramen should be carefully evaluated, especially in the
upper cervical trauma. Vertebral artery imaging should be performed before instability surgery in the presence of a separation in the
fracture line to determine whether the damage to the vertebral artery is iatrogenic.
Keywords: Blunt neck trauma; endovascular treatment; vertebral arteriovenous fistulas.

INTRODUCTION
Cervical traumas often occur due to traffic accidents, falling from a height, sports injuries, and diving. Approximately
25–35% of cervical vertebra fractures in adults are related
to the first three vertebrae.[1] Neurological deficits occur in
45–60% of the upper cervical traumas.[2] Vertebral arteries
can be damaged directly due to a fracture in the transverse
foramen as well as during tension or dislocation during hyperextension due to lateral mass connections.[3] Vascular injury
in this area can be seen as minimal intimal injury, intimal flap
imaging, pseudoaneurysm, dissection accompanied by intraural hematoma, complete vascular occlusion, extravasation, or
arteriovenous fistula (AVF).[4]

A spinal AVF is a rare lesion that is usually detected relatively
late.[5] It has been reported that AVF in a vertebral artery
typically develops iatrogenically due to percutaneous nerve
blog applications and radiation therapy after vascular applications, such as central venous catheterization and diagnostic
cerebral angiography.[6] In addition, cases of AVF can occur
after penetrating neck injury or cervical spine surgery.[6] A
relationship between blunt trauma and AVF is rarer; only two
cases have been reported in the literature.[5,6]

CASE REPORT
A 65-year-old male patient applied to the emergency clinic
due to falling from a height of about 3 m. He had weakness
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in the left upper limb and tinnitus in the left ear. In his physical examination, the Glasgow coma score was 15 points, the
cranial nerve examination was natural, the proximal and distal muscle group in the left upper extremity had 3/5 motor
strength, and there was no motor deficit in the lower extremities.
The cervical computed tomography (CT) examination
showed a Hangman’s fracture (Effendi/Levin type 2a, Francis
grade 3), a C3 vertebra corpus compression fracture, and
a C1 anterior arch fracture. There was a separation on the
C1-2 transverse foramen due to the fracture, and there was a
fracture in the left C3-4 transverse foramen (Fig. 1).
In cervical magnetic resonance imaging (MRI), the presence of
a contusion in the spinal cord at the C2 corpus level was observed. Through an MRI angiography examination of the vertebral artery, it was determined that the left vertebral artery
had developed an AVF at the V2-3 segment level (Fig. 2).
(a)

(b)

The Hangman’s fracture was considered unstable, and stabilization of the unstable spine segment was planned was the
first priority. Using a posterior approach, stabilization was
achieved with a bilateral C1 lateral mass, a C2 transpedicular,
and a C3-4 lateral mass screw. In the early post-operative
neurological examination, the GKS was 15 points, and no
motor or sensory deficit differences were observed between
this examination and the pre-operative examination. X-ray
and cervical MRI images from the first post-operative day are
shown in Figure 3.
In the early post-operative period, digital subtraction angiography (DSA) and endovascular treatment were recommended
to the patient due to the AVF in the left vertebral artery, but
the patient refused the treatment.
The patient was discharged without additional neurological
deficits and followed up with clinically. In the post-operative
one-month clinical examination, there was no increase in the
(c)

(d)

Figure 1. (a) Computed tomography (CT) sagittal view; anterior dislocation due to hangman’s fracture and collapse in the C3 corpus. (b)
In the coronal 3D image, C1 anterior arc fracture, pedicular dissociation in the transverse foramen. (c) In the coronal plan CT image, C2
vertebral fracture. (d) Cervical fracture. (d) Cervical CT axial plane; Decomposition image in C2 vertebral pedicle and transverse foramen
(a)

(b)

(c)

Figure 2. (a) In cervical sagittal T2 magnetic resonance imaging (MRI) examination; image of myelomalesis in the spinal cord, (b) vertebral
artery MRI angiographic examination, black arrow; right vertebral artery, white arrow shows filling defect and arteriovenous fistulas (AVF)
in the left vertebral artery, and (c) image of MRI angiography AVF in the coronal plane.
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Figure 3. (a) X-ray image after cervical stabilization. (b) Status of
cervical contusion at the post-operative C2 vertebra level.
(a)

(b)

(a)

Figure 5. (a) Filling of arteriovenous fistulas (AVF) on the left vertebral artery in the right vertebral artery digital subtraction angiography (DSA) examination. (b) AVF filling in the late venous phase
in DSA.
(a)

Figure 4. (a) Magnetic resonance imaging angiography image of
arteriovenous fistulas (AVF) 1 month after trauma. (b) Contrast-enhanced computed tomography image of AVF 1 month after trauma.

deficit in the left upper extremity. However, the complaint
of tinnitus in the left ear has increased. A cervical MRI, a
vertebral artery MRI angiography, and a cervical CT angiography were conducted, and an increase in the AVF size or
myelomalacia was not observed in the spinal cord (Fig. 4). For
this reason, endovascular treatment was recommended again,
but the patient did not accept the operation, saying that the
tinnitus did not bother him much.
In the post-operative 3-month control examination, it was
observed that the deficit in the patient’s left upper limb had
partially improved (Motor strength: 3–4/5). At this time, the
patient stated that his complaint of tinnitus disturbed him,
and he wanted to be treated. Following confirmation of the
treatment, DSA imaging was performed. The AVF on the left
vertebral artery was observed during right vertebral artery
imaging. Following the treatment planning, the AVF was
closed by coil/stent embolization in a second endovascular
session. There were no complications during or after this
procedure, and the patient’s complaint of tinnitus resolved.
DSA images of the AVF on the left vertebral artery before
and after the endovascular treatment are shown in Figures 5
and 6, respectively.
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Figure 6. (a) Digital subtraction angiography (DSA) image of the
arterial phase taken from the right vertebral artery after endovascular treatment. (b) Late venous phase DSA image after endovascular treatment.

DISCUSSION
AVF in the vertebral artery usually occurs iatrogenically.[6] In
AVF, a high flow shunt is formed from the artery to the vein.
Thus, dilation is observed in the vein after arterialization of
the vein. In general, it appears as a dural AVF, also known
as a pial AVF.[7] This condition can be diagnosed in an MRI
examination through the presence of edema in the spinal
cortex, flow gaps, and perimedullary venous engorgement.
[8]
An extradural AVF is less common and usually observed
in the cervical region.[7] It occurs between the branches of
the vertebral artery and the paravertebral vein, the epidural
venous plexus, the internal jugular vein, or the perimedullary
vein.[8] In an MR examination, irregularities, dilated venous
structures, and myelomalacia can be seen in the related vertebral artery trace.
The Denver criteria can be used to determine the risk of
vascular injury in cases of blunt craniocervical trauma (BCT).
[3]
The CT examination should be evaluated in terms of vertebral artery injuries, especially in blunt cervical traumas,
in which the upper cervical region is affected (C1-3 verte873
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brae) or in fractures that extend to the transverse vertebral
foramen or cause subluxation.[3,9] Lebl et al.[10] reported that
the risk of injury to the vertebral artery was higher in BCT,
where the separation of the transverse foramen was more
than 1 mm. In one report, a patient’s vertebral artery was
trapped between the broken lines after a hangman’s fracture.
[11]
In addition, angiographic examination is recommended
with facet joint dislocation with or without fracture and type
three odontoid fractures in terms of vertebral artery injury.[3]
Our patient had C2-3 anterior dislocation due to a hangman’s
fracture. At the same time, there were fractures and separation in the left transverse vertebral foramen of more than 1
mm. For these reasons, it was thought that a vertebral artery
injury may accompany the upper cervical injury.
DSA is the gold standard in detecting vascular injury due to
BCT.[3] DSA is an invasive test that is not available in small
hospitals. Advances in CT technology have proved to be the
first screening test in the diagnosis of BCTs, especially with
64-slice and higher CT scanners. One study showed 98%
sensitivity and 100% specificity compared to DSA.[12] Meanwhile, since MR angiography can be applied with or without
contrast, it is useful in cases, where there are contraindications to iodinated contrast matter.[3] In addition, during an
MR angiography examination, imaging of the brain and the
cervical region to check for ischemia and cord damage, respectively, can be done in the same session. In most vascular
injuries, long TE sequences, such as T2W images, may appear
as an irregularity or a loss in the normal flow gap.[4] Dietz et
al.[13] suggested the use of MR angiography in patients with
pulsatile tinnitus. In our case, MRI examination was planned
due to the neurological deficit and tinnitus complaint. Noncontrast angiography imaging was performed in the same
session. AVF was considered due to the filling defect of the
left vertebral artery and the enlargement of the paravertebral
veins. However, myelomalacia was observed in the spinal cord
at the C2 vertebra level. After this MRI examination, it was
concluded that there was AVF in the left vertebral artery at
the V2-3 segment. Similar to the two previously reported
cases of AVF that developed after BCT, the lesion was at the
C1-2 vertebrae level.[5,6]
In general, the risk of vertebral artery injury after spinal
surgery is rare.[14] Vertebral artery damage has been reported
after the treatment of spinal trauma with an anterior approach.[15] Although no cases of vertebral artery injury due
to facet screws applied with posterior approaches to the cervical spine have been reported, Abumi et al.[16] reported that
one patient had a vertebral artery injury after transpedicular
screw application. Wright et al.[17] reported: a 2.4% risk of
vertebral artery injury due to C1-2 transarticular screw fixation. Although the risk of injury in the vertebral artery is low
during posterior stabilization surgery, pre-operative vertebral
artery integrity must be demonstrated in the upper cervical
trauma, which has been shown to be affected by transverse
foramen.
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Induced venous hypertension and venous stealing due to
AVF affect other neighboring structures. Root damage and
myelopathy develop due to arterial blood reflux to the spinal
pial veins or clogged epidural vein compression.[18] It cannot
be precisely said whether the cause of the myelomalacia observed in our patient was a post-traumatic contusion or an
epidural venous compression.
Clinical symptoms of AVF are associated with the rate of
blood flow in the shunt, the venous drainage pattern, and the
chronicity of the mechanical compression.[18] Murmur, heart
failure, cervical radiculopathy, and tinnitus can be seen in the
iatrogenic AVF clinic.[19] Our case was admitted with complaints of monoparesis of the left arm and tinnitus after falling
from a height.
In non-penetrating vertebral AVFs, serial angiographic followups can be performed in asymptomatic low-flow AVF patients.[19] Symptomatic high-flow AVF patients with intracranial hypertension and atrial stealing require occlusion with
endovascular therapy after angiographic diagnosis.[19] Excision
of the fistula by trapping the proximal and distal ends can be
performed surgically.[19] However, in open surgery, difficulties
in the exploration of vascular structures may complicate the
suturing of the vessel due to an acute post-traumatic inflammatory response and crumbling of the vascular wall. In addition, the fistula canal itself can be hidden by dilated neighboring veins, making open surgery difficult. For these reasons, it
has been reported that the morbidity and mortality rates in
open surgery are high.[19] In two previously reported cases,
the AVFs were closed endovascularly in the early period after
trauma.[5,6] In our case, the cervical instability that was primarily due to trauma was treated, and the fistula repair was
performed three months after obtaining endovascular treatment consent. No screw malposition was observed in the
post-operative imaging. During this period, the patient had
no neurological deterioration but an increase in the tinnitus
complaint.
After performing the diagnostic DSA procedure, the fistula
repair was performed endovascularly using a stent and a coil
in different sessions. After the procedure, the patient’s tinnitus complaint improved, and there were no complications
related to the procedure.

Conclusion
Vertebral AVF after blunt neck trauma is an extremely rare
condition. Transverse foramen should be carefully evaluated,
especially in the upper cervical trauma. Vertebral artery
imaging should be performed before instability surgery in the
presence of a separation in the fracture line to determine
whether the damage to the vertebral artery is iatrogenic.
Informed Consent: Written informed consent was obtained from the patient for the publication of the case report
and the accompanying images.
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Künt boyun travmasına bağlı vertebral arteriovenöz fistül: Olgu sunumu
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Vertebral arterin arteriyovenöz fistüllerine (AVF) genellikle iyatrojenik ve penetran travmalar neden olur. Vertebral AVF, künt servikal travmadan
sonra nadiren görülür. Altmış beş yaşında erkek hasta yaklaşık üç metre yükseklikten düştüğü için acil servise başvurdu. Nörolojik muayenesinde;
sol üst ekstremitede zayıflık ve sol kulakta kulak çınlaması vardı. Servikal bilgisayarlı tomografi (BT) incelemesinde Hangman’s kırığı, C3 vertebra
korpus kompresyon kırığı ve C1 anterior ark kırığı görüldü. C1-2 transvers foramenleri kırık nedeniyle ayrışma ve sol C3-4 transvers foramenlerinde
de kırık vardı. Servikal manyetik rezonans görüntülemede (MRG), omurilikte C2 korpus düzeyinde bir kontüzyon varlığı gözlendi. Vertebral arterin
MRG anjiyografi incelemesi ile sol vertebral arterin V2-3 segment seviyesinde bir AVF geliştirdiği belirlendi. İnstabil vertebra kırıkları için posterior
yaklaşımla stabilizasyon uygulandı. Daha sonra vertebral AVF bir stent/coil kullanılarak endovasküler olarak kapatıldı. Cerrahi ve endovasküler tedaviden sonra nörolojik defektte düzelme görüldü. İşlemle ilgili herhangi bir komplikasyon görülmedi. Üst servikal travmalarda transvers foramenler,
özellikle değerlendirilmelidir. Vertebral arter görüntülemesi, vertebra arter hasarının iyatrojenik olup olmadığını belirlemek için kırık hattında bir
ayırma varlığında instabilite cerrahisi öncesinde yapılmalıdır.
Anahtar sözcükler: Endovasküler tedavi; künt boyun travması; vertebral AVF.
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