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ABSTRACT

Elective spine surgery becomes more popular every year. Unfortunately, a significant number of these patients report persistent or recur-
rent symptoms, and/or develop late sequelae. Revision spinal surgery can be a complex and risky endeavor, and this patient population
represents a challenge to spine care teams. Indications for cervical revision surgery can include pseudarthrosis, adjacent segment dis-
ease, incomplete decompression, failure of instrumentation, and progressive deformity. Determining whether or not a patient is a candi-
date for revision surgery is crucial. This chapter reviews the patient evaluation and treatment strategies for conditions that require

cervical spine surgery.

© 2019 Published by Elsevier Inc.

1. Introduction

Procedures performed in the cervical spine have been known
to enjoy relative success compared with those performed in
the lumbar spine. However, cervical spine surgery sometimes
fail to achieve initial goals and/or develops late sequelae.
Revision spinal surgery can be a complex and risky endeavor
and it has been shown to have considerable impact on
patient’s quality of life as well as significant economic bur-
den. Poor patient selection is one of the primary causes of
failed spine surgery.' Some indications for cervical revision
surgery include infection, pseudarthrosis, adjacent segment
disease, failure of instrumentation, and progressive defor-
mity.” The evaluation, diagnosis, and management of this
patient population can become a challenge for the spine care
provider, and determining whether or not a patient is a good
candidate for revision surgery is crucial. Establishing the prin-
cipal problem as primarily axial neck pain, radiculopathy, or
myelopathy is fundamental in formulating a treatment strat-
egy. The spine care team must consider the underlying
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problem, the potential for complications, and clinical out-
comes that can be reasonably expected.

2. Patient evaluation

2.1. History

A thorough history must be obtained to determine if a patient
is a candidate for revision cervical spine surgery. In some
cases, the surgeon evaluating a potential candidate for revi-
sion surgery was not involved in the initial care. Essential
points that must be discussed include the nature and dura-
tion of the preoperative symptoms as well as any periopera-
tive complications. An in-depth discussion should include
the type of surgery, timing and the patient’s expectations of
the initial procedure. Efforts should be made to obtain any
preoperative imaging and medical records that can assist in
identifying the original problem leading to the index surgery.
These can also help in identifying the type of implants, if any,
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that were used. Identifying any period of relief following the
index procedure, and if the current symptoms are similar to
the ones prior to surgery can help determine if the initial
problem was successfully addressed, or whether the existing
symptoms represent persistence or recurrence of the initial
problem, or a new problem at an adjacent level.

Exploring the presence of constitutional symptoms can help
identify problems such as infection or tumor. Red flags such as
progressive weakness, constitutional symptoms, or unrelenting
pain may suggest and urgent or emergent situation. The
patient should be also asked for hoarseness and/or swallowing
difficulty that may be attributed to the initial procedure and
may affect the surgical approach for the current problem.

Along with a full medical history, medications should be
reviewed to rule out narcotic abuse, as well as any mental
health condition.? Additionally, social history including work
status and motivation for return to work, as well as involve-
ment in litigation should be explored.*

2.2. Physical examination

As with primary patients, those being evaluated for a poten-
tial cervical spine revision should undergo a thorough physi-
cal examination including inspection, palpation, range of
motion testing, a full neurologic evaluation, and provocative
tests specific to the cervical spine. Although the physical
examination findings can be nonspecific, a systematic exami-
nation may exclude other conditions with similar presenta-
tions. Frequently, shoulder, elbow, and wrist pathology can
mimic the symptoms caused by cervical spine pathology,
hence these conditions must be ruled out during patient eval-
uation to avoid unnecessary revision cervical spine surgery.
This is particularly true if the initial procedure did not provide
relief of the preoperative symptoms, suggesting that the
cause of the original symptoms may originate from the upper
extremity rather than the cervical spine.” The location and
appearance of the surgical incision should be noted with par-
ticular attention to any erythema, drainage, and/or tender-
ness that could suggest the presence of an infection. The side
of the incision is particularly important when performing
anterior cervical surgery because most times it dictates the
side of the approach during revision surgery. Although a left-
sided approach is preferentially used for most primary ante-
rior cervical cases, the decision to attempt a revision surgery
exposure through the same incision must be considered care-
fully. Obliteration of the tissue planes leaves the trachea,
esophagus, and vascular structures vulnerable. This concern
may outweigh the risk of injury to the recurrent laryngeal
nerve through a contralateral right-sided approach.’
Nonorganic physical findings should also be documented.*

2.3. Imaging

Modalities that are most commonly used to evaluate potential
cervical spine revision patients include plain radiographs, com-
puted tomography”’ and magnetic resonance imaging (MRI).
Upright plain radiographs should be obtained to evaluate the
integrity and position of any existing instrumentation and/or
bone grafts. Implant failure in the form of screw pullout and
screw and/or rod breakage should be noted. Overall alighment

should be measured and the levels adjacent to a previous fusion
should be assessed for degeneration.” Flexion-extension lateral
views should be obtained to evaluate the status of the existing
fusion. Radiographic features that suggest a pseudarthrosis
include the lack of bridging trabecular bone between graft and
adjacent vertebral body and segmental motion on flexion-exten-
sion films.® ° Subtle loosing of existing screws in the form of
haloing can also indicate pseudarthrosis. In anterior cervical dis-
cectomy and fusion (ACDF), a change of 2-mm or more in the dis-
tance measured between the spinous processes on flexion and
extension radiographs suggests that the fusion is not fully
healed." Flexion-extension radiographs may also show move-
ment of loose screws and angular motion that also suggests
pseudarthrosis and/or instability. Instrumented posterior cervi-
cal fusions that develop pseudarthrosis may show no motion on
flexion-extension radiographs but rather screw fracture or
loosening.”

CT scan is frequently used as the imaging modality of choice
for the evaluation of failed cervical spine surgeries. Coronal and
sagittal reconstructions are particularly helpful in assessing the
fusion and the position and status of the instrumentation. Loos-
ening of the instrumentation such as haloing and/or screw pull-
out can be appreciated. Position and fusion of the lateral masses,
facet joints and anterior cervical fusion be assessed with great
detail using CT scan. Bridging trabecular bone in these areas indi-
cates a solid fusion. Lucency at the graft-vertebral body junction,
absence of bridging trabecula or fracture and graft resorption
suggest pseudarthrosis.” Residual spondylotic bony compression
or ossification of the posterior longitudinal ligament (PLL) can be
readily assessed. Bone stock and status should be evaluated,
especially if revision instrumentation is planned.' Bony destruc-
tion can develop because of loose instrumentation, infection,
and/or tumor and can alter the surgical plan, leading to proximal
and/or distal extension of the construct into areas of preserved
bone.

MRI provides great detail of the soft tissue structures of the
cervical spine. It can be used to aid in the diagnosis of same
segment disease as it can demonstrate missed soft disc her-
niations beneath the PLL, as well as to evaluate adjacent lev-
els for disc herniation or internal disruption. In patients who
have had cervical surgery, MRI with and without gadolinium
can aid to differentiate recurrent disease and/or fluid collec-
tions from scar tissue. The latter is vascular and enhances
with high signal intensity in T1-weighter image after the
administration of gadolinium. In patients who cannot have
an MRI, CT myelography is helpful when assessing the neuro-
logic structures for evidence of compression.™?

Findings on these imaging modalities should be correlated
with preoperative imaging and with the patient’s clinical pre-
sentation before any decision to proceed with revision surgery.

2.4. Additional testing

Reports of shoulder pain with overhead activities or signs of
impingement should be evaluated with imaging of the shoul-
der.” Numbness in the hands, or positive findings on provoc-
ative tests of the carpal or cubital tunnel suggest peripheral
nerve compression which may be further assessed by electro-
myography/nerve conduction studies.*?
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If there is concern for infection, a complete white blood cell
count with differential, an erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP) levels should be obtained.
ESR and CRP are both nonspecific inflammatory markers. Ele-
vation of at least 1 of these markers should raise suspicion of
infection. The normal serum concentration of CRP is
10 mg/L."* Elevated levels of CRP from 40 mg/L to more than
200 mg/L may suggest postoperative infection. The normal
ESR level is considered to be less than 15 to 20 mm/h.****
Both the CRP level and ESR are elevated after uncomplicated
surgery and unless an infection develops, the CRP level
should normalize within 1 to 2 weeks and the ESR within
about 6 weeks. Also, it is important to understand that in the
setting of postoperative spinal infection, the CRP level is criti-
cal in following response to treatment as the ESR can remain
persistently elevated, despite a normalized CRP level and clin-
ical evidence of a successfully treated infection.™®

It may be necessary to refer the patient to an otolaryngolo-
gist for vocal cord evaluation to determine if the recurrent
laryngeal nerve was injured during the initial procedure,
which has been reported in as high as 3.5% primary and 9.5%
revision anterior cervical spine surgery cases.'” If there is
vocal cord paralysis on the side the previous anterior cervical
surgery was approached, the anterior revision procedure
should be performed from the same side to avoid injury to
the normal vocal cord. If the vocal cords are normal, it is pre-
ferred that the anterior revision surgery be performed from
the contralateral side to avoid scar tissue that can complicate
the approach. Furthermore, attention must be given to the
esophagus, since esophageal injury can occur either as a
result of erosion of anterior instrumentation through the
esophageal wall or from intraoperative injury. It may be nec-
essary for patients to undergo preoperative evaluation of the
esophagus by an otolaryngologist if there is persistent dys-
phagia, prominent anterior instrumentation, or anterior
instrumentation that is backing out. If there is any suggestion
of a compromised esophageal wall, the otolaryngologist
should be available for intraoperative assistance during the
revision procedure.?

3. Common conditions leading to cervical
spine revision surgery

3.1. Adjacent segment disease

Adjacent-level degeneration is widely reported after both
anterior and posterior fusions, single and multi-level. Bio-
mechanical studies suggest that this may happen due to
increased adjacent-segment motion at the levels above and
below a cervical fusion, and this effect is increased with mul-
tilevel fusions.'® It is important to differentiate between adja-
cent-level degeneration, which is radiological evidence of
degeneration at the levels adjacent to a previous fusion, from
adjacent segment disease (ASD), which is the development of
clinically significant signs and symptoms that correlate with
the imaging findings. Cervical adjacent segment disease is
noted in roughly 3% of patients per year; however, incidence
increase to approximately 25% of patients within the first
10 years after the index fusion procedure is expected.'’

Multiple factors probably contributes to the development of
ASD, including the increased biomechanical stress placed on
the disks adjacent to a fusion and the natural history of cervi-
cal spondylosis in patients known to have such pathology.”®

Presenting signs and symptoms of ASD may include myelo-
pathic and/or radiculopathy-related complaints.” In the
absence of a progressive neurologic condition, nonoperative
measures are initially tried which include physical therapy,
nonsteroidal antiinflammatories, and injection therapy.”>?*?
Those who fail nonoperative management should be consid-
ered for surgical intervention. Patients with radiculopathy
due to a lateral disc herniation may be considered for a lami-
noforaminotomy provided that there is no substantial axial
pain or instability. However, the role of this procedure for
ASD is unknown, since its success has been demonstrated
when used as an index procedure in patients with this pathol-
ogy.” Theoretical concerns exist that abnormal stress trans-
fer may lead to recurrent problems if used in a previously
fused spine. For those patients with ASD and substantial axial
pain, bilateral radiculopathy, or myelopathy, anterior surgery
should be considered with the goal of performing a plated
interbody fusion of the involved adjacent-level. If the previ-
ous fusion used an anterior plate, removal may be required to
allow proper position of the plate for the adjacent level. The
specific design of the existing plate should be identified pre-
operatively so that appropriate extraction instruments can be
made available.

Newer devices such as threaded cages, staples, or cage-sta-
ple hybrids have been introduced as alternatives to plate
removal and re-plating. Recent studies have attempted to
compare their performance versus traditional methods, but
literature to document their suitability for revision situations
is currently lacking. Cage dislocation and subsidence have
been reported as potential complications of these devices.
Studies comparing the efficacy of a two-level ACDF with cage
alone and with cage and plate constructs found similar clini-
cal outcomes between the two groups. Solid fusion was
achieved in 96% of patients in each group, with shorter time
to fusion in the cage and plate construct group. Subsidence
occurred in 10 of 28 (35%) patients in the cage alone group ver-
sus 3 of 26 patients (11%) in cage and plate group. Overall,
although cage and plate constructs result in shorter time to
fusion and lower subsidence rate, both resulted in similar
clinical outcomes.”***

3.2. Same segment disease/incomplete decompression

Same segment disease usually suggests inadequate decom-
pression at the levels addressed in the index procedure. How-
ever, failure to improve after decompression may be due to
advanced and irreversible neurologic changes, missed con-
founding diagnoses, inadequate surgical decompression,
iatrogenic spinal cord/nerve root injury, postoperative insta-
bility, adjacent segment disease, and/or pseudarthrosis. In
these cases, further imaging studies should be obtained to
evaluate for continued compression. MRI can evaluate the
status of the spinal cord and quantify myelomalacia and cord
atrophy and whether reversible (low-intensity T2 changes) or
irreversible (high-intensity focal T2 and low-signal T1
changes) changes are present.”® In symptomatic patients, it
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may reveal continued anterior thecal sac compression in up
to 40% of patients.”” CT myelography is excellent for evaluat-
ing adequacy of the decompression, presence of fusion or
pseudarthrosis, graft and hardware location and status, pres-
ence of residual bony compression, infolding of redundant
ligamentum flavum, and facet arthrosis.”® CT myelography is
also indicated in those patients who cannot undergo MRI.*’

Revision anterior cervical surgery for inadequate decom-
pression is more technically challenging than the index pro-
cedure including the presence of scar tissue and potential
need for takedown of prior hardware and bone graft material.
After identifying the offending structures, the surgical plan is
decided based on multiple factors. If compression is located
anteriorly, presence of 1- or 2-level disease is best approached
with ACDF with excellent results. If the posterior longitudinal
ligament (PLL) was preserved in the index procedure, it is rec-
ommended to resect the PLL in the revision procedure to per-
form a direct uncovertebral decompression and ensure that
the compressive pathology is adequately removed.” The need
to perform a corpectomy versus multilevel ACDF must be dis-
cussed with patients who have multilevel anterior cervical
compression and kyphotic alignment. Multilevel ACDF pro-
vides increased biomechanical stability and increased lordo-
sis but higher risk of pseudarthrosis given the presence of
more fusion surfaces.?° > Multilevel anterior cervical corpec-
tomy and fusion (ACCF) has higher fusion rates but an
increased rate of graft dislodgement, and usually necessitates
posterior fixation for more than 2-level corpectomies.®***
Anterior cervical compression over multiple levels that have
a neutral or lordotic sagittal alignment can be approached
posteriorly. Laminectomy with fusion, if preexisting instabil-
ity or axial neck pain is noted, or laminoplasty with or with-
out foraminotomies if no instability or neck pain exists
preoperatively, has shown good results in more than 90% of
appropriately selected patients.**°

3.3. Pseudarthrosis

Pseudarthrosis has been described in both anterior and
posterior cervical fusions and occurs at the most caudal
level in 82% of the cases."” The incidence of pseudarthro-
sis ranges from 0% to 20% after single-level ACDF and has
been reported to be as high as 40% to 50% for multilevel
procedures.’”?”*° The presence of a pseudarthrosis does
not necessarily implies a failed procedure,*" but recent
studies have suggested that successful bony fusion
increases the likelihood of a favorable outcome. In a retro-
spective study of 48 patients who developed pseudarthro-
sis after ACDF, 67% developed symptoms.*” Symptomatic
patients typically complain of axial neck pain and radiculi-
tis, or recurrent or persistent radiculopathy similar to the
patient’s preoperative symptoms.”*”*® A younger age at
the time of the index procedure increases the likelihood of
the pseudarthrosis becoming symptomatic.*

Flexion and extension radiographs may show gross insta-
bility at the level of the pseudarthrosis and fracture and/or
migration of the instrumentation. CT scan is the preferred
imaging modality to evaluate for pseudarthroses, status of
the instrumentation, bone quality, and presence of any

compressive elements in patients with neurologic signs and
symptoms. Intraoperative confirmation of motion at the seg-
ment, lack of bony bridging trabeculae, and graft resorption
are indicative of a pseudarthrosis.”

Asymptomatic patients are typically managed non-opera-
tively. Surgical intervention is recommended for patients
who have neck pain, neurologic symptoms, or instability.**
Modifiable underlying factors that contribute to the risk of
pseudarthrosis include metabolic abnormalities, smoking,
and noncompliance with postoperative instructions.®** These
should be addressed and optimized prior to pursuing revision
surgery. Surgical options for anterior pseudarthroses typically
involve repeat anterior fusion, posterior fusion, or circumfer-
ential fusion. The typical observation has been that an ante-
rior pseudarthrosis eventually fuses once a posterior fusion
is achieved.® Treatment of posterior pseudarthrosis can be
complicated if prior posterior decompression has been per-
formed because there is an increased risk of iatrogenic dural
tears during exposure. In these cases, an anterior cervical
fusion is preferred. If the dura has not been exposed, a pos-
terior fusion, anterior fusion or circumferential fusion can be
performed depending on the amount of stabilization
required.’

Anterior repair typically has lower blood loss and shorter
hospital stays but lower union rates than posterior proce-
dures. Posterior fusion in patients with anterior cervical pseu-
darthrosis has been reported to have a 94% fusion rate,
compared to 57% in patients who had revision anterior
fusion.®” Additional surgery has been reported to be required
in 44% of anterior revision fusion cases due to persistent
pseudarthrosis, compared with 2% for anterior cervical pseu-
darthrosis treated with posterior fusion. Therefore, despite
higher blood loss, longer hospital stay, and higher complica-
tion rates, posterior fusion is typically preferred over anterior
revision due to the higher fusion rate and much lower inci-
dence of repeat revision surgery.*> However, a recent meta-
analysis found no difference in clinical outcomes in pseu-
darthroses treated with an anterior revision fusion versus
posterior fusion.*®

Cervical revision surgery due to pseudarthrosis must focus
in adequate decompression of the affected neural structures,
preparation of an adequate fusion bed, and achieving solid
arthrodesis. Posterior fusion alone is usually the treatment of
choice since it provides a high rate of fusion in the revision
setting. Decompression can be achieved with a laminoforami-
notomy. Stabilization is typically achieved with posterior lat-
eral mass screw and rod constructs.” Lateral mass screws can
be augmented with spinous process wiring if there is concern
of suboptimal screw purchase after the laminoforaminot-
omy." Main indications for anterior revision include the pres-
ence of kyphotic deformity and unstable or migrating
anterior implants, since these can erode through the esopha-
gus if left untreated. During anterior revision surgery, careful
evaluation of the esophagus is necessary to detect any evi-
dence of perforation."* ~>° Thorough decompression of the
neural elements and complete resection of fibrous nonoss-
eous material is required. Iliac crest autograft is a reliable
option for grafting in the revision situation to maximize chan-
ces of a solid arthrodesis.™?
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Fig. 1-74-year-old male noting symptoms of cervical myelopathy with loss of fine motor function and lack of coordination.
(A) XR, MRI and CT sagittal imaging illustrate cervical stenosis for which the patient underwent a C3—C6 laminoplasty. (B)
Subsequently, the patient developed worsening axial neck pain and a progressive downward gaze with notable cervical
kyphosis seen on radiographs and CT imaging. (C) Revision post-operative films demonstrate a C5-G7 ACDF with supple-
mental G2-T1 posterior instrumentation following sagittal alignment correction.

3.4. Progressive Kyphotic deformity

Progressive kyphotic deformity most commonly occurs after
posterior decompressive procedures (Fig. 1) which involve

disruption of the posterior ligamentous complex, muscular
denervation and weakness, and excessive capsulectomy and/
or facetectomy, although it can also be seen in anterior cervi-
cal procedures (Fig. 2).°' > Deformity can develop in the
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Fig. 2-66-year-old male with a remote history of a prior cervical G3-4 ACDF noting complaints of neck and radiating shoulder
pain with upper extremity paresthesias. (A) Cervical spine x-rays shows a stable ACDF C3-4 with severe disc degeneration
and vertebral body collapse worst at C6 but also present at G5 and C7. (C-D) Notable severe central compression on MRI most
prominently at the C5-C6 level on axial and sagittal T2 imaging. (E) Collapse of C6 with adjacent level disc degeneration and
resulting focal cervical kyphosis. (F-G) revision post op films demonstrate C5—C7 anterior cervical fusion with C6 corpectomy
and allograft insertion with supplemental C2-T2 posterior instrumentation.

coronal and sagittal planes, although the dominant deformity
is typically kyphosis as the center of gravity shifts anteriorly
due to the weight of the head, muscular weakness, and liga-
mentous and articular disruption.” Risk factors include
increased age, preoperative sagittal kyphotic alignment, poor
intraoperative positioning, inadequate grafting techniques or
subsidence, and aggressive facetectomies.”* Patients present
with muscular fatigue, neck pain, difficulty maintaining a
horizontal gaze, a kyphotic sagittal appearance with the head
protruding forward, and possible neurologic symptoms and
signs, including myelopathy or radiculopathy.”* Workup
begins with radiographs to assess imbalance and maximum
deformity, flexion and extension views help evaluate the
amount of correction that can be obtained (fixed vs flexible
deformity). CT scan assists in detecting the presence of bony
ankylosis dorsally or ventral fusion in patients with fixed
deformities as well as in surgical planning.> MRI is useful to
determine where decompression is needed as well as to eval-
uate for and quantify the amount of myelomalacia, cord atro-
phy, and syringomyelia, which can complicate as well as
increase risk of treatment.”>*

Management goals are decompression, deformity correc-
tion, and long-term stabilization with instrumented arthrode-
sis. Determination of a fixed versus flexible deformity is
crucial. Patients who can correct to neutral on extension
radiographs can be candidates for either anterior- or

posterior-only procedures.” If no ventral compression is
noted in a patient with flexible deformity, posterior arthrode-
sis with stable lateral mass/pedicle instrumentation yields
good results.” Patients with fixed focal kyphotic deformity
without dorsal ankylosis are candidates for anterior release
and reconstruction, with correction of up to 20° possible.**
For global flexible kyphosis, multilevel ACDF is preferred
because it allows increased lordotic correction and number of
fixation points, with lower graft dislodgement than a long
corpectomy.”* *® Circumferential stabilization is recom-
mended for multilevel reconstructions involving 3 or more
levels, due to the high incidence of graft-related complica-
tions in patients treated with multilevel ACCF with struts.>*’

4. Summary

Cervical spine revision surgery typically involves adjacent
segment disease, incomplete decompression, pseudarthrosis
and/or instrumentation failure. In general, outcomes are less
favorable than primary surgery regardless of the diagnosis.
Systematic evaluation through detailed history taking, physi-
cal examination, imaging studies, and laboratory tests can
yield accurate diagnoses and guide treatment plans. Modifi-
able risks for pseudarthrosis should be addressed before pur-
suing revision surgical intervention. Revision principles are
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based on adequate decompression of the affected neural
structures, preparation of an adequate fusion bed, and solid
stability to achieve arthrodesis. The spine care team should
discuss common complications and limitations of the revi-
sion procedure with patients preoperatively rather than after
their occurrence. While revision cases are more complex with
increased potential for complications compared to primary
surgery, adherence to fundamental principles may allow
acceptable clinical outcomes.
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