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ABSTRACT

Background: Anterior cervical corpectomy and fusion (ACCF) is often required to adequately decompress the spinal cord
in patients with multilevel cervical spondylosis. Unfortunately, multilevel corpectomy constructs have high rates of early failure
and frequently require supplemental posterior fixation. First described in 2003, skip ACCF (sACCF) is defined by corpectomies
above and below an intervening vertebral body, which serves as an additional fixation point to augment biomechanical stability.
Subsequent studies report high fusion rates and low construct failure rates secondary to superior biomechanical stability.

Objective:
date.
Methods:

The goal of this study was to demonstrate the safety and efficacy of SACCF in the largest series published to

This study was a retrospective case series of all patients who underwent sACCF at a single institution over a

10-year period. Standard demographic and perioperative data were collected. Outcome data included immediate postoperative
complications, long-term reoperation, and pre- and postoperative radiographic parameters.

Results:

Forty-five patients underwent SACCF: 42 at C4-C6 and 3 at C5-C7. Mean age was 57.5 years. More than half

(64.4%) of patients were smokers. Almost all patients were discharged home, the vast majority (82.2%) within 3 days of surgery.
Five patients (11.1%) developed complications during the index hospitalization: 2 C5 palsies and 3 medical complications.
Three patients (6.7%) developed instrumentation failure requiring anterior revision and supplemental posterior fixation. There
were statistically significant increases in C1-C7 (47.8 vs 41.1, P < 0.001) and C2-C7 lordosis (11.1 vs 5.0, P < 0.001) on
postoperative radiographs compared with preoperative imaging. Average follow-up was 21.1 months.

Conclusion:

SACCEF can be performed safely with complication rates similar to those reported for multilevel anterior

cervical discectomy and fusion or adjacent segment ACCF. It should be considered for patients with multilevel cervical

pathology for whom an anterior approach is favored.
Clinical Relevance:
cervical alignment.
Level of Evidence: 3.

Cervical Spine

SACCEF is an effective surgical technique for multilevel cervical decompression and correction of

Keywords: corpectomy, skip, cervical spondylotic myelopathy, multilevel corpectomy, anterior cervical corpectomy and fusion,
myelopathy, radiculopathy, ossified posterior longitudinal ligament

INTRODUCTION

The anterior approach to the cervical spine was first
described by Bailey and Badgley in 1960." Widespread
adoption led to the development of more aggressive
techniques, begetting the first cervical corpectomies in
the 1970s.? Decades later, the literature reports gener-
ally good outcomes after single- and 2-level cervical
corpectomy.® In contrast, multilevel (3 or more levels)
cervical corpectomy has a high rate of early construct
failure and frequently requires supplemental posterior
fixation.'*"

Numerous alternative techniques have been described
to address the deficiencies of multilevel anterior cer-
vical corpectomy and fusion (ACCF).""*! A hybrid

approach in which corpectomies are performed above
and below an intervening vertebral body was first pro-
posed by Edwards et al in 2003.'° Ashkenazi and associ-
ates subsequently reported outcomes in 13 patients who
underwent this novel procedure.?® All patients achieved
fusion, and only 1 patient experienced construct failure.
Dalbayrak and colleagues coined the term “skip” cor-
pectomy in 2010 to describe this procedure in their
report of 29 patients with ossification of the posterior
longitudinal ligament (OPLL) who underwent corpecto-
mies at C4 and C6.%' All patients achieved radiographic
fusion, and only 1 instance of instrumentation failure
was reported. Biomechanical studies have demon-
strated superior stability of the skip corpectomy con-
struct compared with 3-level corpectomy.”? Subsequent
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studies comparing skip ACCF (sACCF) with multilevel
anterior cervical discectomy and fusion (ACDF) or pos-
terior decompression and fusion have reported no sig-
nificant differences in perioperative complication rates,
postoperative radiographic outcomes, and clinical out-
comes including modified Japanese Orthopedic Associ-
ation scores and patient-reported outcomes.”*

In this manuscript, we report our experience with 45
patients who underwent SACCF over a 10-year period.
While Dalbayrak et al described a technique involving
corpectomies at C4 and C6, our cohort includes a few
patients who underwent corpectomy at C5 and C7. This
study seeks to further demonstrate the safety and effi-
cacy of sSACCF in the largest series published to date.

METHODS
Study Population and Data Collection

This study was approved by the local Institutional
Review Board. We performed a retrospective review of
consecutive patients who underwent SACCF between 1
January 2010 and 31 December 2020. Data regarding
patient demographics, comorbidities, operative details,
postoperative complications, instrumentation failure,
and need for reoperation were collected. Indications for
surgery included degenerative disease, deformity, and
trauma. Patients younger than 18 years and those under-
going long-segment posterior cervicothoracic fusions
were excluded from the analysis.

Surgical Procedure

The skip corpectomy procedure performed in this
cohort was independently proposed and demonstrated
in the early 2000s by 2 authors of the present study (F.F.
and S.J.C.). Our technique is similar to that reported by
Dalbayrak et al, who described a C4 and C6 corpec-
tomy, C5 osteophytectomy, and decompression of the
posterior-superior and posterior-inferior aspects of the
C5 vertebral body.?' In our cohort, a minority of patients
underwent corpectomy at C5 and C7 (Figure 1). Patho-
logic intervertebral discs were removed at the interven-
ing levels. Preservation of the central vertebral body
(C5 or C6), as well as the vertebral endplates, is the
essential aspect of this technique. Bone from the cor-
pectomy levels was harvested for autograft. The oper-
ative microscope was used during resection of the
posterior longitudinal ligament. Choice of cage was left
to the discretion of the operating surgeon. Cages were
packed with local autograft in addition to allograft and/
or iliac crest aspirate. Intraoperative radiographs were
obtained to confirm proper cage positioning. A fixed
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Figure 1. Skip corpectomy involving the C5 and C7 vertebral bodies.

anterior cervical plate was contoured for lordosis and
placed from C3 to C7 or C4 to T1. Screws were inserted
at the rostral and caudal ends of the plate prior to fixa-
tion at the intervening vertebral body (C5 or C6). Long
fixation screws were utilized, and bicortical purchase
sought where necessary with the screw tips extending
through the dorsal vertebral body cortex to improve
construct strength and stability.

Bulb suction drains were left in almost all cases.
Patients were placed in a rigid cervical orthosis.

Postoperative Management

Patients were admitted to a standard nursing unit
after recovery in the postanesthesia care unit. Routine
postoperative care was provided. Drains were removed
prior to discharge. Overall length of stay (LOS),
incidence of dysphagia requiring steroids or speech
evaluation, and discharge disposition were recorded.
Routine outpatient follow-up was performed with
serial upright cervical radiographs, with additional
imaging modalities obtained at the discretion of the
operative surgeon.
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Table 1. Demographics of patients undergoing skip anterior cervical
corpectomy and fusion.

Table 2. Operative details for patients undergoing skip anterior cervical
corpectomy and fusion (n = 45).

Demographics N =45 Operative Parameters n (%)*
Age, y, mean + SD 575+79 Corpectomy levels
Body mass index, mean + SD 28.7+54 C4, C6 42 (93.3)
Men, n (%) 20 (44.4) C5,C7 3(6.7)
Smoker, n (%) 29 (64.4) Anterior plating levels
Myelopathy, n (%) 37(82.2) C3-C7 42 (93.3)
Radiculopathy, n (%) 27 (60.0) C3-T1 12.2)
C4-T1 2 (4.4)
Local autograft 45 (100)
Iliac crest aspirate 27 (60.0)
. . Allograft 44 (97.8)
Radiographic Measurements Bone morphogenic protein 0(0)
. . . Drain 44 (97.8)
Pre- and postoperative radiographs were reviewed.  Estimated blood loss, mean + SD 293.2 = 380.1
Drain duration, d, mean + SD 1.6 09

Cervical lordosis was assessed using the Cobb method
for C1-C7 and C2-C7. Sagittal balance was mea-
sured using the C2-C7 cervical sagittal vertical axis as
described by Ames et al.*® Upright preoperative radio-
graphs were not available in some patients due to acute
presentation to the emergency or inpatient setting.

Statistical Analysis

Cohort demographics, perioperative data, and post-
operative complications were assessed using descriptive
statistics. Student’s ¢ test was used to compare pre- and
postoperative radiographic measurements. Statistical
significance was set at 0.05.

RESULTS
Patient Cohort

A total of 45 patients underwent sACCF during the
10-year study period. Demographic data are shown
in Table 1. The average age was 57.5 years, and most
patients (55.6%) were women. The majority of patients
(64.4%) were current smokers, and the average body
mass index was 28.7. The most common indication for
surgery was myelopathy (82.2%). A subset of patients
(20%) had isolated radiculopathy. Patient-specific
factors such as significant malalignment, dynamic
instability, retrovertebral stenosis, OPLL, or a combi-
nation of these factors supported consideration of skip
corpectomy in these cases. Only 3 patients (6.7%) had
previous cervical spine surgery. Follow-up data were
available for all but 2 trauma patients who did not return
for evaluation after discharge (95.6% follow-up rate).
Mean length of follow-up was 21.1 months.

Perioperative Data

The vast majority of patients (93.3%) underwent
C4 and C6 corpectomy with C3 to C7 anterior plating
(Table 2). The remaining 3 patients underwent C5 and
C7 corpectomy. The majority of cases utilized static

“Data reported as n (%) except where otherwise noted.

interbody polyetheretherketone cages (93.3%), while
3 (6.7%) cases implanted expandable titanium cages.
An assistant surgeon was used in approximately half of
cases. Local autograft and allograft were used in almost
all cases. Bone morphogenic protein was not utilized in
any patients. Average estimated blood loss was 293 cc.
Almost all patients had a surgical drain placed intraop-
eratively. Mean LOS was 4.4 days, but this number is
substantially skewed by significant outliers. The median
LOS was 2 days, with the vast majority (82.2%) having
an LOS <3 days.

Dysphagia

Bedside swallow evaluations were administered
by nursing staff to all patients. Scheduled postopera-
tive steroids and formal speech consultations and/or
swallow studies were ordered at the discretion of the
surgical team in cases with concern for or evidence of
dysphagia. Eight patients (17.8%) received postopera-
tive steroids for dysphagia, but only 3 patients (6.7%
of all patients) required a formal speech consultation.
These 3 patients required nothing by mouth status and
alternative enteral access during the index hospitaliza-
tion. Only 1 patient developed dysphagia as a direct
result of surgery. The other 2 patients were unable to
safely tolerate an oral diet secondary to encephalopa-
thy and stroke, respectively. These 2 patients ultimately
required percutaneous endoscopic gastrostomy (PEG)
placement due to prolonged dysphagia and altered
mental status. The single patient who developed post-
operative dysphagia as a result of surgery had a pro-
longed hospital course and ultimately required revision
surgery and PEG placement.
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Table 3. Secondary surgical interventions required after skip anterior cervical corpectomy and fusion.

Patient No. Reason Mo Postoperative Management

Patient 1 Hardware failure 0.5 Anterior revision + posterior fixation
Patient 2 Hardware failure 4 Anterior revision + posterior fixation
Patient 3 Hardware failure 5 Anterior revision + posterior fixation
Patient 4 Adjacent segment disease 48 C2-C3 anterior cervical discectomy and fusion
Patient 5 Adjacent segment disease 12 Posterior foraminotomy and fusion
Patient 6 Fall leading to C7 fracture 1 Posterior fixation

Patient 7 Refractory C5 palsy 1 Posterior foraminotomy

Patient 8 Prevertebral fluid collection 0.5 Exploration and washout

Postoperative Complications

Five patients (11.1%) developed a complication
during the index hospitalization. Two patients (4.4%)
had postoperative C5 palsies that were initially treated
with steroids. Unfortunately, one of these patients
subsequently underwent a posterior laminoforaminot-
omy 1 month later due to persistent weakness. Three
patients (6.7%) developed severe medical compli-
cations requiring extended LOS (mean 25.7 days).
The first patient developed pneumonia and dysphagia
requiring PEG tube placement. She unfortunately also
had early instrumentation failure during the initial hos-
pitalization requiring a 2-stage anterior revision and
posterior instrumented fusion. The second patient went
into alcohol withdrawal. His hospital course was sub-
sequently complicated by seizures, respiratory failure,
and Clostridioides difficile infection. The third patient
suffered a large-vessel infarction 4 hours after surgery.
She ultimately required PEG tube placement for stroke-
related dysphagia. Notably, 4 of the 5 complications
occurred during the first 5 years of our experience.

Readmission

Three patients (6.7%) were readmitted, 1 electively,
within 90 days of surgery. All 3 required secondary

surgical interventions as detailed in the following
section. The causes of readmission included a ground-
level fall, prevertebral fluid collection with dysphagia
and dysphonia, and scheduled readmission for refrac-
tory C5 palsy.

Secondary Surgical Procedures

Eight patients (17.8%) underwent a secondary surgi-
cal procedure during the follow-up period, of which 7
(15.6%) occurred within the first year after surgery (see
Table 3). Three patients (6.7%) developed instrumenta-
tion failure at an average of 2.9 months postoperatively.
All 3 required anterior revision with supplemental pos-
terior fixation as a 2-stage procedure (Figure 2). Two
patients (4.4%) developed adjacent segment disease
that required operative intervention. The first patient
developed stenosis above the fusion construct 4 years
postoperatively. His skip corpectomy construct was
intact with solid bony fusion, so he was treated with an
adjacent C2-C3 ACDF. The second patient developed
stenosis below the fusion construct 12 months postop-
eratively and was treated with a posterior foraminotomy
and C3-T3 posterior instrumented fusion. One patient
(2.2%) had a ground-level fall 1 month after surgery
leading to a C7 vertebral body fracture at the caudal end

Figure 2. Early hardware failure requiring anterior revision and posterior fixation. The final intraoperative lateral fluoroscopic image after the index procedure (A),
upright lateral radiograph obtained 2 weeks postoperatively (B), and an upright lateral radiograph following anterior and posterior revision (C) in a single patient

with early hardware failure.
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Table 4. Alignment correction in degrees after skip anterior cervical
corpectomy and fusion (n = 31).

Radiographic

Alignment Preoperative Postoperative Change (P)
C2-C7 lordosis 4.96 +10.5 11.10£9.0 5.83 (<0.001)
C1-C7 lordosis 41.13£11.0 46.75 +10.3 3.83(0.001)"
C2-C7 sagittal vertical 30.60 + 18.0 33.51+10.7 1.17 (0.250)

axis

“Significant at P < 0.05.

of his construct that required posterior fixation. As dis-
cussed above, a patient with a persistent postoperative
C5 palsy and radiographic evidence of residual foram-
inal stenosis underwent a posterior laminoforaminot-
omy 1 month after the index surgery. Finally, 1 patient
(2.2%) developed dysphagia and dysphonia secondary
to a prevertebral fluid collection 1 week after surgery.
A subsequent wound exploration revealed a sterile fluid
collection without hematoma. She was discharged 2
days later without need for antibiotics.

Radiographic Alignment

Preoperative imaging was available for 31 patients.
Postoperative imaging was obtained for all patients.
Changes in radiographic alignment are reported in
Table 4. There was a statistically significant increase in
C1-C7 lordosis (46.8° = 10.3° vs 41.1° = 11.0°, P =
0.001) and C2-C7 lordosis (11.10° = 9.0° vs 4.96° +
10.5°, P < 0.001) postoperatively. There was no signif-
icant difference between pre- and postoperative C2-C7
sagittal vertical axis.

DISCUSSION

The optimal surgical approach for multilevel cer-
vical stenosis and myelopathy remains controversial.
For patients in which an anterior approach is deemed
favorable, standard options for decompression across
4 disc space levels include 4-level ACDF or 3-level
ACCEF. sACCF represents an alternative approach that
may allow for improved decompression compared with
4-level ACDF and enhanced biomechanical stability
compared with 3-level ACCF. This report supplements
prior studies in demonstrating the safety and efficacy of
SACCEF in the treatment of multilevel cervical stenosis
and myelopathy.

Ashkenazi and colleagues were the first to formally
describe the SACCF technique in 2005.%° In what they
termed as “hybrid” decompression and fixation tech-
nique, 25 patients underwent a combination of cor-
pectomies and discectomies utilizing titanium mesh
cages and dynamic plates. Thirteen patients underwent
a true “skip” corpectomy in which corpectomies were

performed above and below an intervening intact verte-
bral body. The other 12 patients underwent single-level
corpectomy and adjacent discectomy. Of the 13 patients
who underwent a true “skip” corpectomy, 12 were fused
at final follow-up (mean follow-up, 29 months). Eight
patients reported improved subjective neurologic status,
along with 4 who were unchanged and 1 who experi-
enced neurologic deterioration. One patient from the
entire cohort developed mechanical failure treated with
revision anterior surgery, but the authors did not report
which initial surgery this patient received.

Dalbayrak et al formally coined the term “skip” cor-
pectomy in 2010.%' In their report, all 29 patients under-
went corpectomy at C4 and C6, with preservation of the
C5 vertebral body. Iliac crest autograft was used in 15
patients, and fibular allograft was used in 14 patients.
All patients underwent anterior cervical plating with a
rigid plate that included fixation at CS5. All patients were
noted to be fused at final follow-up (mean follow-up
22.3 months). One patient (3.4%) experienced mechan-
ical failure requiring revision surgery (type of revision
surgery was not reported). Hoarseness and/or dysphagia
was reported in 4 patients (13.8%). Postoperative C5
palsy was reported in 1 patient (3.4%).

The current study represents the largest and most
robust study of sACCF to date. It importantly adds to
the existing literature as no series have been published
since the 2 initial reports by Ashkenazi and Dalbayrak.
The mechanical failure rate reported in this study (6.7%)
is double that of the only reported rate in the literature.?'
It should be noted, however, that if the sole mechanical
failure in the study by Ashkenazi et al was from the skip
corpectomy cohort, this would represent a failure rate in
line with the present study (7.7%).

All 3 patients who experienced instrumentation
failure did so within 6 months of surgery. All patients
were current smokers. Upon review of their imaging
studies, there are common alignment features that
likely predisposed them to such early failure. Two
patients had focal cervical kyphosis with the apex at
the level of the intervening vertebral body (C5). The
third patient had grade I anterolisthesis at C3-C4 and
grade II anterolisthesis at C4-C5. The biomechani-
cal result in all cases was positioning of the cepha-
lad vertebral body ventral to the intervening vertebral
body in the sagittal plane. We believe such alignment
predisposes patients to early instrumentation failure
for 2 reasons. First, it forces the cage, spanning this
corpectomy defect, to be tilted anteriorly, which
limits lordosis correction and may accelerate screw
pullout and graft migration. Second, it positions
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Figure 3. Extent of spinal cord decompression achieved with skip corpectomy (A), (B).

the intervening vertebral body away from the plate,
preventing the screw from “pulling” the intervening
body to the plate as described by Dalbayrak et al.*!
Surgeons should be aware of these alignment chal-
lenges and take measures to overcome them, includ-
ing aggressive bony and ligamentous decompression
to allow for spinal mobility, ventral cage positioning,
and bicortical screw purchase (especially in the inter-
vening vertebral body).

Two patients (4.4%) developed a postoperative
CS5 palsy, which is in line with the rate reported by
Dalbayrak et al (3.4%).?' The first patient had severe
bilateral foraminal stenosis at C4-C5 on preoperative
imaging, with residual bony stenosis on postoperative
computed tomography image. Additionally, the lor-
dosis correction achieved for this patient was about
twice the mean for the study population (change in
C2-C7 and C1-C7 lordosis of 12.6° and 7.4°, respec-
tively). This patient ultimately required a posterior
foraminotomy to adequately decompress the left C5
nerve root. The second patient also had severe right
foraminal stenosis at C4-C5 on preoperative imaging.
Motor-evoked potentials decreased in amplitude
during the procedure without a concomitant change
in somatosensory-evoked potentials. There were no
preoperative x-rays available for this patient. For-
tunately, his strength returned to baseline within 6
weeks of surgery.

Our experience reinforces the benefit of perform-
ing an SACCF when spinal cord compression extends
across 4 interspaces. Performing corpectomies at
the cephalad and caudal aspects of the construct
allows for improved visualization and working angle,
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thereby facilitating removal of posterior osteophytes
for central and foraminal decompression in a manner
that may be superior to 4-level ACDF (Figure 3).
This procedure may also be particularly useful in the
setting of OPLL. It should be noted, however, that this
procedure is limited in its ability to decompress the
spinal cord directly posterior to the skipped vertebral
body (C5 or C6). In cases where there is significant
cord compression at this level, alternative procedures
should be considered.

CONCLUSION

SACCF can be performed safely and effectively
for the management of multilevel cervical stenosis. It
may allow for improved decompression of neural ele-
ments compared with multilevel ACDF with similar
complication rates and enhanced biomechanical sta-
bility compared with 3-level corpectomy. This proce-
dure should be considered in patients with significant
ventral cervical pathology across interspaces for
whom an anterior cervical approach is favored.
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