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ABSTRACT

Introduction: Injury to the vertebral artery (VA) during 
an anterior cervical approach to the spine is relatively 
uncommon. These injuries can be difficult to repair, 
may lead to significant complications, and can even be 
fatal. We present a case report involving a VA injury that 
occurred during an anterior cervical corpectomy and 
fusion and discuss its management.

Case Report: A 65-year-old man presented with a 
chief complaint of radicular left upper extremity pain 
without weakness, numbness, or paresthesia. Imaging 
revealed cervical spondylosis with a kyphotic deformity. 
An anterior cervical corpectomy and fusion was 
recommended and the patient agreed to proceed with 
the surgery. During the drilling of the vertebral body, the 
left lateral wall of the vertebral body was inadvertently 
perforated, resulting in an injury to the VA. To address 
this complication polymethyl methacrylate (PMMA) was 
placed in the defect to replace the vertebral body and 
provide effective tamponade against the bleed.

Conclusion: Polymethylmethacrylate can be a very 
effective tool to use in the management of an injury 
to the VA, providing the ability to tamponade while 
simultaneously helping to maintain structural integrity 
and spinal stability.
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INTRODUCTION

Anterior cervical corpectomy and fusion (ACCF) via 
the Smith–Robinson approach is commonly used by 
spine surgeons to manage compression of the anterior 
spinal cord [1–7]. The intervertebral discs above and 
below the affected vertebral segment(s) are removed, 
and the interstices of the vertebral body are drilled away, 
leaving only a protective shell of bone on each side. The 
resulting defect is then filled with a graft or prosthesis 
to maintain structural integrity and spinal stability. 
Depending on the material used to replace the vertebral 
body, an anterior cervical plate may be attached to the 
bone above and below to support the fusion and prevent 
migration of the prosthesis.

Injuries to the vertebral artery (VA) can be a serious 
complication of cervical spine surgery and are most likely 
to occur in three areas: (1) anteriorly at the C7 vertebra, 
(2) laterally between C3 and C7, and (3) posteriorly at C1 
and C2 levels [8]. Vertebral arterial injuries tend to occur 
more frequently during posterior cervical approaches 
(4.1–8.2%) than they do with anterior cervical approaches 
(0.3–0.5%) [7–18].

To our knowledge, there is only one previously 
documented instance of using PMMA for vascular 
tamponade. In that case, a 73-year-old female 
experienced an unintended needle advancement during 
a transpedicular vertebroplasty, resulting in a thoracic 
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aortic artery dissection [17]. Thanks to the surgeon’s 
quick thinking, PMMA was used as a tamponade for 
the bleeding. The intervention successfully stopped the 
bleeding, and the patient did not experience any untoward 
complications. We present a case involving the use of 
PMMA in a patient who suffered an iatrogenic injury 
to the left vertebral artery during an anterior cervical 
corpectomy and fusion procedure. The surgeon’s rapid 
response allowed the PMMA to effectively tamponade the 
bleeding, resulting in no adverse consequences.

CASE REPORT

A 65-year-old man presented with left arm pain, 
which he rated a 10/10 on the visual analog scale (VAS). 
The pain involved the left shoulder, upper arm, forearm, 
and hand and was described as a constant, aching pain 
that began gradually, worsened with overhead activity 
and lifting, and was relieved by rest. The patient did not 
report any neck pain, lower extremity pain, weakness, 
numbness, tingling, or paresthesias. His symptoms 
were not significantly relieved with non-steroidal anti-
inflammatory medications and muscle relaxants. He had 
undergone one course of physical therapy prior to his 
initial office visit, but it did not help relieve his symptoms.

On physical exam, the patient showed no evidence of 
weakness, numbness, paresthesias, or abnormal reflexes. 
Neither the Spurling’s test nor axial loading caused any 
discomfort. His past medical history was significant 
for hypertension, diabetes, hypercholesterolemia, 
gastrointestinal reflux disorder, benign prostatic 
hyperplasia, and a seizure disorder. All of his medical 
conditions were well controlled with medication.

Plain X-ray imaging completed before his initial 
consultation revealed significant cervical spondylotic 
disease. There was loss of the normal cervical lordosis and 
marked narrowing of the intervertebral disc spaces, with 
degenerative changes identified most significantly at C4-5 
and C5-6. The intervertebral disc spaces below the level 
of C5-6 were suboptimally visualized. Mild narrowing 
of the C5-6 neuroforamen on the left was noted (Figure 
1). He was given a referral for another course of physical 
therapy, placed on a non-steroidal anti-inflammatory 
agent (NSAID) and a muscle relaxer, and sent for a 
magnetic resonance imaging study (MRI). The MRI 
validated the plain film imaging in that it revealed a C4-
C5 and C5-C6 spondylosis, a mild posterior subluxation 
of C5 on C6, and a resultant kyphotic deformity. There 
was mild spinal canal narrowing at C4-C5 and C5-C6 
without evidence of cord edema (Figure 2A and B). 
The patient did not experience any symptomatic relief 
despite undergoing medicinal management and physical 
therapy; therefore, given the spondylotic changes seen 
on imaging, a recommendation was made for an anterior 
cervical corpectomy at C4 and C5 with fusion.

During the procedure, there were instances of 
excessive bone bleeding while drilling into the vertebral 

body despite the patient having no known bleeding 
disorders. Mid-procedure, the lateral wall of the vertebral 
body was accidentally perforated by the drill, resulting 
in significant arterial bleeding and indicating an injury 
to the vertebral artery. The anesthesiologist was alerted 
to this unfortunate occurrence, and hemostasis in the 
surgical field was temporarily achieved using gelfoam, 
thrombin, and digital pressure. Cardiovascular stability 
was maintained throughout the procedure.

Polymethyl methacrylate (PMMA) was then prepared, 
and while still malleable but nearly rigid, digital pressure 
was released, and the PMMA was placed into the defect, 
where it quickly completed the hardening process in situ. 
All bleeding ceased immediately. Vital signs remained 
stable, and there were no changes in electrophysiological 
monitoring during the case. An anterior cervical plate 
was hastily affixed, the surgical wound was closed, and 
the patient was awakened, extubated, and found to be 
neurologically intact (Figure 3A–C). He was subsequently 
sent to a local institution for digital angiography to assess 
the vertebral artery. The angiogram showed complete 
occlusion of the vertebral artery at the level of injury, with 
back-filing of the distal vertebral artery from the Basilar 
artery.

When he presented for his one-month follow-up, the 
patient’s only complaints were some difficulty swallowing 
larger bites of food and minimal paresthesias in both 
palms. The rest of his examination was unremarkable. 
Computed tomography (CT) imaging done to evaluate 
his swallowing difficulty disclosed that his hastily 
placed anterior cervical plate was poorly positioned. He 
underwent an uncomplicated revision surgery to adjust 
the cervical plate, and this correction completely resolved 
his swallowing difficulties (Figure 4).

Figure 1: Lateral X-ray showing C4/5 and C5/6 spondylotic 
changes with narrowed disc spaces (red arrows) and early 
anterior osteophyte formation (yellow arrows).
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DISCUSSION

Although vertebral artery (VA) injuries are rare, they 
can result in serious complications such as lacerations, 
fistulas, pseudoaneurysms, and dissections. These 
injuries may result in cerebral ischemia, cranial nerve 
deficits, or even death. Therefore, it is crucial for surgeons 
to have not only a thorough understanding of the three-
dimensional anatomy of the VA and its relationship 
to the cervical spine but also detailed knowledge of 
instrumentation techniques used in both anterior and 
posterior cervical spine surgeries.

There are no foolproof ways to prevent VA injuries 
in anterior cervical spine surgery, and aside from 
neuronavigation techniques, there are few, if any, 
definitive methods to prevent such injuries from occurring 
in posterior cervical spine surgery. There is, however, 
a consensus on how to manage such injuries should 
they occur. The primary goals are (1) controlling local 
hemorrhage, (2) preventing immediate vertebrobasilar 
ischemia, and (3) avoiding cerebral embolic complications. 
The anesthesiologist should be made aware of the issue 
and maintain constant communication with the surgeon 
regarding the need for fluid resuscitation or medications to 
augment blood pressure. These physiologic interventions 
help maintain cerebral perfusion pressure and can reduce 
the risk of ischemia in territories supplied by the posterior 
circulation.

Polymethyl methacrylate (PMMA) is a synthetic resin 
produced from the polymerization of methyl methacrylate. 
Commonly referred to as bone cement, PMMA should not 
be confused with bone wax, a combination of beeswax and 
a softening agent used to occlude porous venous channels 
in bone [19]. Polymethyl methacrylate was first produced 
in the 1930s by Hill and Crawford [20–22]. Originally, it 
was not intended for medical use; however, in 1937, it was 
introduced to the dental field for use in powder form to 
fabricate dentures [23].

In the mid-1950s, PMMA was introduced to the 
surgical world through the work of orthopedic surgeons 
Saha and Pal [24]. Today, it remains one of the most 
widely used materials in Orthopedic surgery. Its 
transparency, biocompatibility, reliability, relative ease 
of manipulation, and low toxicity were soon seized upon 
and incorporated by many different medical specialties. 
Polymethyl methacrylate has been used for (a) bone 
cement; (b) contact and intraocular lens; (c) screw fixation 
in bone; (d) filler for bone cavities and skull defects; and 
(e) vertebrae stabilization in osteoporotic patients [22]. 
Although numerous new alloplastic materials show 
promise, the versatility and reliability of PMMA make it 
remain a popular and frequently used material [22].

Currently, there are three surgical options for 
the management of an intraoperative VA injury: (1) 
hemostatic tamponade, (2) microvascular repair of the 
injured artery, and (3) ligation or occlusion of the artery 
either directly or via an endovascular approach. Gelfoam 
(Pfizer, USA), Surgicel (Johnson & Johnson, USA), 

Figure 2: Axial (A - left) and sagittal (B - right) views of T-2 
weighted MRI images of the cervical spine. The axial image 
shows left cervical cord compression (yellow box) secondary 
to spondylotic pathology. The sagittal view demonstrates loss 
of normal the cervical lordosis with cord impingement (yellow 
box) in the mid-cervical region.

Figure 3: Sagittal (A), axial (B), and coronal (C) CT images of the 
cervical spine post-placement of the PMMA and hastily placed, 
but poorly positioned anterior cervical plate. (A) Sagittal view 
of CT image of the cervical spine after cervical plate placement 
(yellow box). (B) Axial view of CT image after cervical plate 
placement (yellow box). (C) Coronal view of CT image after 
cervical plate placement (yellow box).

Figure 4: Intra-operative flouroscopic image of re-positioned 
anterior cervical plate (yellow box).
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or bone wax are frequently used as hemostatic agents 
in spine surgery and are often effective in controlling 
bleeding. However, there have been several reported 
cases of delayed hemorrhage and fistula formation 
resulting from packing the injured artery [25–27]. 
Microvascular repair aims to restore normal blood flow 
in order to diminish the risk of immediate or delayed 
ischemic complications, but it is technically challenging, 
particularly in the setting of anterior spinal surgery [9, 
17, 25, 27]. Ligation of the VA carries significant risks, 
including cerebellar or brain stem infarction and isolated 
cranial nerve paresis, with a reported mortality of 12% 
[25, 28, 29]. If direct vessel repair is not possible and 
ligation is necessary, intraoperative angiography should 
be considered. It should be noted that the vessel must 
be ligated both proximally and distally. If only proximal 
ligation is performed, there is a risk of causing delayed 
embolic or hemorrhagic events, and fistula formation 
can occur [9, 26, 27]. There is no one preferred strategy 
for managing intraoperative hemorrhagic issues with the 
vertebral artery.

CONCLUSION

Management of VA injuries in cervical spine surgery 
is not homogenous. Each event requires a tailored 
management strategy to optimize outcomes. The use 
of PMMA to tamponade the artery proved to be an 
effective strategy in our case. Concomitantly, PMMA 
provided structural stability and helped maintain 
overall spinal integrity. Surgeons should be prepared 
for potential complications during their procedures and 
have management options available for intra-operative 
mishaps. The versatility of PMMA in certain situations can 
be a valuable tool to have in the spine surgeon’s toolkit.
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