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Clinical and Radiographic Outcomes for Patients with Cervical Adjacent Segment Disease
Treated with Anterior Cervical Discectomy and Fusion with Integrated Interbody

Spacers

Saif E. Zaidi'?, Vishal Venkatraman', David A.W. Sykes’, Jessica Albanese’*, Melissa M. Erickson®,
Clifford L. Crutcher’, C. Rory Goodwin’, Michael W. Groff’, Peter Grossi', Khoi D. Than', Michael M. Haglund’,

Muhammad M. Abd-El-Barr’

INTRODUCTION: Anterior cervical discectomy and
fusion (ACDF) is among the most common spine proced-
ures. Adjacent segment disease (ASD), characterized by
degenerative disease at an adjacent spinal level to a prior
fusion, is a well-recognized and significant sequela
following ACDF. Adjacent segment ACDF may be consid-
ered after the failure of non-surgical options for patients
with symptomatic ASD. This study aimed to assess the
incidence of dysphagia and other complications as well as
radiographic outcomes in adult patients who have under-
gone ACDF with an integrated interbody spacer device for
symptomatic ASD.

METHODS: This was a retrospective review of patients
who underwent ACDF for symptomatic ASD with commer-
cially available integrated interbody spacers by three spine
surgeons at an academic institution from March 2018 to
April 2022. Demographic, radiographic, and postoperative
data were collected, including dysphagia, device-related
complications, and the need for revision surgery.

RESULTS: There were 48 patients (26 male, 22 female)
who met inclusion criteria (mean age 59.7 years, mean
body mass index 19.5 kg/m?) who underwent ACDF for
symptomatic ASD (1one-level, n = 44; 2-level, n = 4).
Overall, 12 patients (25%) experienced dysphagia post-
operatively before the first follow-up appointment. Nine of
44 (20.4%) of 1-level ACDF patients experienced dysphagia,
and 3 of 4 (75%) of 2-level ACDF patients experienced
dysphagia. Three patients had severe dysphagia which
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prompted an otolaryngology referral. Two of those patients
remained symptomatic at 6 weeks postoperatively. Of 43
patients with prior plate cage systems, none required
hardware removal at the time of surgery. Preoperative
global and segmental lordosis were 9.07° + 8.36° (P =
0.22) and 3.58° + 4.57° (P = 0.14), respectively. At 6 weeks
postoperatively, global and segmental lordosis were 11.44°
+ 9.06° (P = 0.54) and 5.11° + 4.44° (P = 0.44), respec-
tively. This constitutes a change of +2.37° and +1.53° in
global and segmental lordosis, respectively. The mean
anterior disc height change between preoperative and
immediate postoperative time points was 6.3 + 3.1 mm.
Between the immediate postoperative and 6-week post-
operative time points, the mean anterior disc height change
was —1.5 + 2.7 mm. Between the immediate postoperative
and 3-month postoperative time points, the mean anterior
disc height change was —3.7 + 5.0 mm. The posterior disc
height changes at the same time points were 2.5 + 1.7 mm,
—04 + 1.8. and —0.5 + 1.4 mm, respectively. This fusion
rate was 50% and 70% at 6 months and 1 year post-surgery,
respectively.

CONCLUSIONS: ACDF with integrated spacer is a viable
alternative to traditional plate-cage systems for symptom-
atic ASD. An advantage over traditional plate-cage systems
is that the removal of prior instrumentation is not needed in
order to place implants. Based on a review of the literature,
these standalone systems allowed for a shorter operative
time and had less incidence of dysphagia than plate-cage
systems for ASD after ACDF. The different standalone and
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plate-cage systems used in treating ASD after ACDF sur-
geries should be compared in prospective studies.

INTRODUCTION

nterior cervical discectomy and fusion (ACDF) is a safe

and efficient surgical option for several degenerative

cervical spine disorders after the failure of conservative
treatments. ACDF is accepted as a very effective procedure to
manage cervical radiculopathy, myelopathy, spondylosis, and disc
herniation.”

Adjacent segment disease (ASD) is a common sequela following
ACDF, presenting with similar symptoms to those reported pre-
operatively and defined as new degenerative alterations occurring
at adjoining segments to the surgically treated level or levels of the
cervical spine. Lee et al.” reported a reoperation rate at adjacent
segment level(s) of 2.4% per year post primary ACDF, with an
expected reoperation rate of 22.2% during the first decade.
Other studies reported an overall reoperation rates at adjacent
levels post primary ACDF varying from 5.4% to 5.7%, with a
minimal follow-up time of 3.5 years (range 3.5 to 14.5 years).>”
Whereas conservative treatments can be beneficial for a good
proportion of symptomatic ASD patients,® a certain number of
them will require surgical management, and a revision ACDF is
the most common option.

For the treatment of symptomatic ASD, there are several op-
tions. One would involve the use of the traditional plate-cage
system at the symptomatic level(s). This can be difficult as it
may involve the removal of a previous plate-cage system to allow
for placement of the new screws. This would require increased
dissection and the higher risk of dysphagia. Another option would
be the use of a standalone system. These standalone systems
could present an improvement over the plate-cage systems as they
would not require removal of the previous constructs and hence,
would be hypothesized to lead to less complications such as
dysphagia. Despite this, these standalone systems’ use comes with
some drawbacks, including difficulty of removal after initial
placement, higher incidence rate of segmental subsidence and
cervical kyphosis, and increased risk of pseudoarthrosis than the
plate-cage systems.’

Several standalone designs have been developed and used in the
clinic with similar outcomes.® Some studies focused on the
biomechanical impact of different screw thread designs on bone
fixation.® Anchored spacers (i.e., shims) require minimum
disruption of the neck’s anatomy as compared to using screws,
which require additional steps for screw preparation and need
angled instruments for fixation. Nevertheless, to our knowledge,
no research has directly compared or proven superiority of
anchored standalone spacers to those with screw fixation for
ACDF surgery, and both designs are frequently used in primary
and revision ACDF surgeries.

In this study, we focus on the postoperative outcomes for pa-
tients who have undergone revision ACDF with a standalone
interbody device with integrated anchor or screw fixation. We aim
to describe the clinical outcomes, complications (including

dysphagia and reoperation), and radiographic outcomes such as
global and segmental lordosis, subsidence, and fusion.

METHODS

Patient Selection and Data Collection

This study’s cohort consisted of patients from 3 surgeons
(M.M.A., K.T., and M.M.H.) who underwent revision ACDF for
symptomatic ASD between March 2018 and April 2022 at Duke
University Hospital and Duke Raleigh Hospital. The inclusion
criteria included: being an elective surgery patient, being 18 years
or older and having undergone previous ACDF, having at least 6
weeks of postoperative follow-up, and undergoing revision ACDF
using a standalone titanium spacer with anchoring or screw fix-
ation (MIS Coalition, Globus, Audobon, PA; or Zero-Profile,
DePuy Synthes, Johnson & Johnson, New Brunswick, NJ) or an
allograft spacer with titanium plating (VG2 Cervical, LifeNet
Health, Virginia Beach, Virginia, USA). Exclusion criteria
included: surgery in the setting of trauma, tumor, or infection.

In this study, patient data were obtained through a retrospective
review of electronic medical records. The following baseline pa-
tient demographics at the time of surgery were recorded: age, sex,
body mass index (BMI), and presence of comorbidities such as
hypertension, hyperlipidemia, diabetes mellitus, heart disease,
and smoking status. Information regarding the surgery was also
gathered, including the specific levels involved, surgical duration,
hospital stay length, and reason for the surgery.

The primary outcome of interest in this study was the occur-
rence of postoperative dysphagia. This was defined as any change
from the patient’s preoperative baseline in terms of difficulty or
pain while swallowing, as reported in postoperative notes until the
6-week follow-up appointment. Data on this outcome were
collected immediately after the surgery, as well as 6 weeks, 3
months, and 6 months post-surgery. Other outcomes that were
monitored included intraoperative complications, postoperative
complications, emergency department (ED) visits within go days
after surgery, hospital readmissions within go days, and the need
for reoperation.

Radiographic data collected included global cervical lordosis
(from C2-C7), segmental cervical lordosis (surgical segments),
anterior and posterior disc height at each operative segment, and
radiographic fusion of operative segments. Radiographic fusion
was defined as the presence of bridging bone between endplates
and the absence of radiolucency between the interbody spacer and
endplates.”” Radiographic measurements were collected from
lateral upright x-ray films at preoperative baseline and the
following postoperative timepoints as available: 6 weeks, 3
months, 6 months, 1 year, and 2 years.

Statistical Analysis

Most patient demographics, such as sex and rates of comorbid-
ities, are summarized with frequencies and percentages, while age
is reported as means with standard deviation. The proportion of
patients who experienced dysphagia, complications, ED visits, and
readmissions is reported with frequencies and percentages. For
each time point, the global and segmental lordosis in degrees is
reported with mean and standard deviation, while the change in
lordosis in degrees is reported up to 3 months postoperatively for
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patients who had repeat imaging. The change in disc height is
reported with absolute change as well as percentage change from
pre-surgery to immediate post-surgery, as well as from post-
surgery to 6 weeks and 3 months for patients with repeat imag-
ing. Studies have defined clinically significant subsidence any-
where from 2—4 mm, thus we defined surgical segments with a
greater than 3 mm decrease in anterior or posterior disc height as
having significant subsidence.””** The frequencies of radiographic
fusion of all operative segments in each patient was reported for
all available timepoints.

For the primary outcome, a logistic regression model was used
to calculate the odds of dysphagia, accounting for common pre-
dictors of postoperative dysphagia, such as C3-C4 or C4-Cg sur-
gery, surgical duration, number of surgical levels, and obesity.”>"
Welch’s t test was used to compare average global and segmental
lordosis of the cervical spine between baseline, 6 weeks
postoperatively, and 3 months postoperatively. Analyses were
performed using R Studio version 2022.07.02 (Posit Software,
Boston, MA), with alpha set to o0.05.

RESULTS

Patient Demographics and Surgical Information

A total of 48 patients underwent revision ACDF surgery with an
anchored or screwed standalone spacer for symptomatic ASD. As
listed in Table 1, the average age of patients at the time of surgery
was 5§9.7 years (54.2% male). Common medical conditions
included hypertension (present in 20 patients, 41.7%) and heart
disease, defined as patients with a history of myocardial
infarction or coronary artery disease (11 patients, 22.9%). Out of
the 48 patients, 7 (14.6%) were smokers. Single-level surgery
was performed on 44 patients (91.7%) and 2-level surgery was
performed on 4 (8.3%). The most common level for revision
surgery was C3-C4 in 21 (43.8%) patients and C6-C7 in 12 (25%)
patients. The primary indication for the surgery was myelopathy in
25 patients (52.1%).

Clinical Outcomes. Of the 48 patients included, 12 (25%) developed
dysphagia after the procedure. Nine of these patients underwent
single-level ACDF and the other 3 had 2-level ACDF performed.
Three patients who underwent a single-level procedure experi-
enced severe dysphagia and required referral to an otolaryngolo-
gist. Two of the severe dysphagia patients reported symptoms at
6-week follow-up post-surgery (Table 2).

A logistical regression analysis was performed to determine
contributing factors to dysphagia, but none of the assessed factors
were found to be significant (Table 2). In addition to dysphagia,
other postoperative outcomes included complications and ED
readmissions within go days. Four patients (8.3%) experienced
postoperative  complications, 2 of them requiring ED
readmission for prevertebral hematoma and severe dysphagia,
respectively (Table 3).

The radiographic outcomes are presented in Table 4. Prior to
surgery, patients had an average global lordosis of g.07°+ 8.36°
(n = 43) and segmental lordosis of 3.58°+ 4.57° (n = 38). At
6 weeks post-surgery, the average global lordosis was 11.44° +
9.06° (n = 41, P = 0.22) and segmental lordosis was 5.11° + 4.44°
(n =38, P = 0.14). At 3 months, these values were 12.38° + 14.21°

Table 1. Patient Characteristics

Characteristic Statistic
Total Patients = 48
Age at surgery, Mean (SD) 59.7 (10.9)
Male sex, n (%) 26 (54.2%)
BMI at surgery, mean (SD) 19.5 (5.6)
Comorbidities, n (%)
Hypertension 20 (41.7%)
Hyperlipidemia 8 (16.7%)
Diabetes mellitus 8 (16.7%)
Heart disease (CAD, prior Ml) 11 (22.9%)
Smoking prior to surgery 7 (14.6%)
Levels of surgery
1 44 (91.7%)
2 4 (8.3%)
C2 — C3 surgery (Yes/No) 4 (8.3%)
C3 — C4 surgery (Yes/No) 21 (43.8%)
C4 — C5 surgery (Yes/No) 9 (18.8%)
C5 — C6 surgery (Yes/No) 2 (4.2%)
C6 — C7 surgery (Yes/No) 12 (25.0%)
C7 — T1 surgery (Yes/No) 4 (8.3%)
Surgical duration (hours), mean (SD) 1.95 (0.60)
Indication for surgery/diagnosis
Cervical myelopathy + radiculopathy 5(10.4%)
Cervical radiculopathy, n (%) 13 (27.1%)
Cervical myelopathy, n (%) 25 (52.1%)
Cervical stenosis, n (%) 5 (10.4%)
CAD, coronary artery disease; MI, myocardial infarction.

(n = 8, P = 0.54) for global lordosis and 6.00° + 7.55° (n = 7,
P = o0.44) for segmental lordosis. There were no significant
changes in either global or segmental lordosis between these time
points.

From pre-surgery to immediate post-surgery, the anterior disc
height increased by an average of 6.3 mm (133.4%) and the pos-
terior disc height increased by 2.5 mm (93.3%). However, from
immediate post-surgery to 6 weeks post-surgery, the anterior disc
height decreased by an average of 1.5 mm (11.5%) and the pos-
terior disc height decreased by 0.4 mm (3%). From post-surgery to
3 months, the anterior disc height decreased by an average of 3.7
mm (26.2%) and the posterior disc height decreased by 0.5 mm
(8.3%). At 6 weeks after surgery, 14 of 34 patients (41.1%) had
significant subsidence (>3 mm). At 3 months, 3 of 5 patient (60%)
had significant subsidence in 3 of 7 (42.9%) measured segments.
Six weeks after surgery, 27.3% (12 of 44) of patients had achieved
radiographic fusion of all surgical segments. This rate increased to
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Table 2. Dysphagia ‘

n (%), Total
Characteristic N = 48
None 36 (75.0%)
Mild dysphagia 9 (18.8%)
Severe dysphagia (ED visit, intervention, or 3(6.2%)
fluoroscopic imaging)
Logistic regression analysis
Covariate Odds Ratio P Value
1-level ACDF Reference Reference
2-level ACDF 154 0.14
Surgical Time (hours) 1.06 0.64
C3-C4 surgery 1.02 0.89
C4-C5 surgery 1.03 0.87
Obesity (BMI >30) 0.94 0.67

50% (1 of 2) and 70% (7 of 10) at 6 months and 1-year post surgery,
respectively (Figure 1).

CASE EXAMPLE

In February 2021, a 52 year-old male patient presented to the Duke
spine clinic with a chief complaint of neck pain not associated
with any arm pain, weakness or tingling. He had a history of C4-
C7 ACDF in July 2018. His symptoms started 4 months prior to the
2021 appointment and were not manageable by conservative
treatments including physical therapy, pain medication, massage,

and muscle relaxant. Two months before the consultation, cervical
magnetic resonance imaging (MRI) revealed significant C3-C4
degenerative disc disease with compression of the spinal cord and
mild degenerative changes at C2-C3 without cord compression or
foraminal stenosis (Figures 2A and B). The patient was
recommended to pursue conservative treatment until a later
appointment. On a follow-up preoperative visit, the patient did
not report any improvement in his symptoms and the possibility of
a C3-C4 ACDF was discussed and agreed upon.

A C3-C4 ACDF with neuromonitoring was performed. An
otolaryngologist dissected the neck anteriorly to expose and give
access to the C3-C4 disc space. The disc was removed using cu-
rettes and rongeurs, and any osteophytes were removed using
drills. After the removal of the posterior longitudinal ligament, the
surgeon identified the dura and placed the standalone spacer filled
with both autograft and allograft into the disc space. The spacer
was secured using screws that were fixed into the C3 and C4
vertebral bodies. The surgery was successfully completed in 69
minutes (equivalent to 1.15 hours), The patient received preoper-
ative antibiotics and 20 milligrams of intravenous dexamethasone
and experienced minimal blood loss and no intraoperative
complications.

Postoperatively, the patient’s pain was controlled, he was able
to ambulate on the same day of surgery, and he was discharged on
postoperative day 1. The patient reported good postoperative
outcomes and presented to the clinic with the resolution of pre-
operative symptoms until ¢ months post-surgery. Bone fusion was
achieved at that timepoint (Figure 2C).

DISCUSSION

In this case series, we assessed the postoperative clinical and
radiologic outcomes after revision ACDF with standalone spacer
systems in patients with symptomatic ASD.

Table 3. Surgical Outcomes

Characteristic

n (%), Total N = 48

Intraoperative complication
Postoperative complication

Specific complications

90-day readmission
90-day ED visit

Specific reasons for ED visit

Reoperation

Dysphagia

Dysphagia — prevertebral edema
Dysphagia — prevertebral hematoma
Excessive neck pain
Dysphagia
1(2.1%)

0 (0%)

4 (8.3%)
New-onset gait instability
Vocal cord granulomas
Prevertebral hematoma

Prevertebral edema

2 (4.2%)
4 (8.3%)
Readmitted to hospital
Readmitted to hospital
Not readmitted
Not readmitted
Reoperation for recurrent myelopathy
12 (25.0%)
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Table 4. Radiographic Outcomes

Disc Height
Statistic Preop to Immediate Postop Postop to 6 Weeks Postop to 3 months
Total number of segments 37 34 7
Total number of patients 37 34 5
Anterior disc height
mm change: mean (SD) 6.3 (3.1) —15(2.7) —3.7 (5.0)
% change: mean (SD) 133.4 (150.0) —11.5(19.8) —26.2 (32.6)
Posterior disc height
mm change: mean (SD) 25(1.7) —04(1.8) —05(1.4)
% change: mean (SD) 93.3 (79.9) —3.0 (34.1) —8.3 (24.5)
Significant subsidence (>3 mm)
number of segments N/A 14 (41.1%) 3 (42.9%)
number of patients 14 (41.1%) 3 (60.5%)
Lordosis
Preop 6 weeks 3 months
Global — degrees, mean (SD) 9.07 (8.36), n=42 11.44 (9.06), n=41 12.38 (14.21), n=8
Segmental — degrees, mean (SD) 3.58 (4.57), n=38 5.11 (4.44), n=38 6.00 (7.55), n=7

Preop versus 6 weeks

Preop versus 3 months 6 weeks versus 3 months

P=0.22
P=0.14

Global (t test)
Segmental (¢ test)

P=0.54
P=0.44

P=0.86
P=0.77

Radiographic fusion of all segments

6 weeks postop
3 months postop

6 months postop

1 year postop

12/44 (27.3%)
3/9 (33.3%)
1/2 (50.0%)
7/10 (70.0%)

The ideal approach for revision surgery in patients experiencing
symptoms from ASD is a matter of debate. ACDF with anterior
plating, total disc replacement, and posterior approaches such as
laminectomy or laminoplasty have all been utilized with favorable
outcomes.” However, a relatively higher incidence of
intraoperative  complications, particularly dysphagia, was
reported with anterior approaches.”®7 Revision surgery for
adjacent segment discs is more challenging than the initial
procedure, which makes surgical approaches with shorter
operative time and less tissue disruption a rational choice.

ACDF using standalone spacers is gaining popularity after
several reports of reduced operative time and incidence of
dysphagia in comparison to constructs with anterior plating.”®>>
Although using standalone anchored spacers for 3-level ACDF
may lead to a decrease in segmental lordosis and increase in

subsidence, its use is safe for 1- and 2-level revision ACDF and
recommended for symptomatic ASD.>**

While dysphagia is common after ACDF, revision ACDF is
associated with a significantly higher incidence of dysphagia than
the primary surgery.’® Several studies have compared the
incidence of dysphagia following ACDF using standalone
spacers versus plate-cage constructs. Wang et al. reported a
significantly lower risk of dysphagia in the standalone group at 3
months postoperatively for 1- and 2-level ACDF (0% vs. 27.3%).%°
Limited studies have assessed dysphagia after revision surgery for
symptomatic ASD. Niu et al. compared the clinical and radiologic
outcomes of revision ACDF using the standalone spacer or the
plate-cage construct and reported significantly lower post-
operative dysphagia rates with the former (18.75% vs. 57.69%)."
Our higher dysphagia results (25%) in comparison to the Niu
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Figure 1. lllustrative figure of the radiologic findings. (A)
Bar plot of anterior and posterior disc height changes at
different timepoints postoperatively. (B) Pie chart of
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the subsidence rate postoperatively. (C) Pie chart of
the fusion rate postoperatively.

et al. study, which also studied the use of standalone cages, might
be attributed to the presence of four 2-level ACDF patients in our
cohort, which represented one-fourth of the reported dysphagia.
Other postoperative complications reported in our study were
probably caused by soft tissue disturbance associated with the
anterior cervical approach. Overall, however, our study and the
literature suggest that standalone ACDF systems have reduced
incidence of dysphagia compared to plate-cage systems.

With regard to operative duration, our results agree with prior
limited studies demonstrating reduced operative time for stand-
alone spacers compared with plate-cage systems in revision ACDF.

For 1- and 2-level revision ACDF, Niu et al. demonstrated a mean
operative time of 94 minutes for standalone systems but 117 mi-
nutes for plate-cage systems.” Other studies have also
demonstrated this difference, with one meta-analysis demon-
strating that standalone systems take on average 17 minutes longer
than plate-cage systems® and another case series of 166 patients
demonstrating average operative times of 126 minutes and 194
minutes for standalone and plate-case systems, respectively.”
While our study does not provide a direct comparator to plate-
cage systems, our average operative time of 2 hours agrees with
the literature. Increased operative times have been associated with
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Figure 2. Case example of patient who underwent
C3-C4 ACDF with Zero Profile spacer for ASD
management. Sagittal (A) and axial (B) section of
preoperative T2 MRI demonstrating disc herniation and

canal stenosis at C3-C4 (arrow). (C) Nine-month
postoperative x-ray image demonstrating Zero Profile
spacer placed at C3-C4 with restoration of disc height
and clear bony fusion.

increased risk of complications such as surgical site infection,
pulmonary embolisms, and pneumonia,** so use of standalone
systems might provide significant benefit if they can reduce the
time a patient spends on the operating table.

In our study, we observed an increase in lordosis in the patients
at 6 weeks post-surgery; both global and segmental lordosis in-
crease persisted to 3 months post-surgery. Although we observed
early fusion in 33.3% of our patients 3 months after surgery, the
fusion rate increased to 70% (7 of 10) after 1 year. This rate is
consistent with the reported fusion rates for ASD when using
standalone spacers at this same time point (68.97%).>° In
addition, we found that significant subsidence, which we
defined as a decrease in disc height of more than 3 mm during
surgery, occurred surprisingly early in 41.1% of our measured
patients (14 out of 34 patients) after only 6 weeks. This is
considerably faster than the mean time to subsidence reported
after ACDF, which is 4.8 months.? Jin et al. also reported high
rates of subsidence (55.8%), but at a much later follow-up (an
average of 28 months after surgery).”” This early subsidence may
have contributed to the low fusion rates observed in our cohort,
as previously reported in the literature.>"3*

This study has several limitations, notably the limited follow-up
length for most patients. This makes extrapolating meaningful
results more challenging. Additionally, this was a retrospective
study without a control group, so previously published results
were the only available comparator to our reported benefits.
Finally, the standalone spacer with integrated anchors is consid-
ered to be less invasive than those with integrated screws. The
anchored standalone system involves minimal disruption of the
neck’s anatomy compared to the screw system which require
additional steps for screw preparation and angled instruments for
fixation. Thus, a randomized clinical trial comparing those 2
standalone designs to each other or to the traditional ACDF cage-
plate construct would be a rational next step for study.

CONCLUSIONS

In this study, we assessed the clinical and radiologic outcomes
following revision ACDF for symptomatic ASD using a standalone
spacer with integrated anchors or screws (MIS Coalition or DePuy
Synthes). Based on our results and review of the current literature,
this standalone system was safe and allowed for a shorter
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operative time. Additionally, we also demonstrated reduced inci-
dence of dysphagia compared with reported rates for plate-cage
systems, which makes it a suitable surgical choice to treat
symptomatic ASD. Prospective, randomized trials would be
helpful to compare the different standalone and plate-cage sys-

tems used in ACDF surgeries.
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