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ABSTRACT

Background: Previous research suggests a relationship between complications associated with anterior cervical
discectomy and fusion and level involvement; however, there is limited research comparing postoperative outcomes of upper
cervical fusions (UCFs) with middle-to-lower cervical fusions (MLCFs). This study aims to compare the outcomes of UCF with
MLCF.

Methods: A retrospective medical record review was conducted on 835 anterior cervical discectomy and fusion patients
from 2012 to 2022. Patients were classified as UCF, defined as inclusion of C3 to C4 disc space, or MLCEF, defined as lacking
C3 to C4 disc space. Demographics were compared using x> or Fisher exact tests. Clinical characteristics were compared in
univariable analysis using y* tests, linear-mixed effects models, or generalized linear-mixed models depending on distribution.
Significant pre- and intraoperative characteristics were included in multivariable models to minimize confounding.

Results: Of the 835 patients included, 562 underwent MLCF and 281 underwent UCF. Median follow-up time was
211 days for UCF and 200 days for MLCF. UCF led to a 1.5-day longer length of stay in both univariable (1.5 vs 3.1, P <
0.0001) and multivariable analysis (2.3 days [95% CI: 1.8, 3.0] vs 3.3 days [2.6, 4.2], P < 0.0001). MLCF patients reported
symptom improvement or resolution more often than UCF patients (0.43 [95% CI: 0.30, 0.62] and 0.46 [95% CI: 0.30, 0.70]).
Additionally, a significantly higher rate of dysphagia was reported in the UCF group on both univariate and multivariable
analysis, respectively (1.72 [95% CI: 1.18, 2.49] and 1.66 [95%CI: 1.08, 2.56]).

Conclusions: To our knowledge, this is the first study to investigate the link between cervical fusion level and outcomes.
UCF patients demonstrated greater rates of dysphagia, longer length of stay, and lower likelihood of improvement in neurological

symptoms postoperatively both before and after controlling for differences in pre- and intraoperative characteristics.

Clinical Relevance:

This study highlights that UCFs may be associated with worse postoperative outcomes when

compared to MLCFs, which can inform surgical decision-making and patient counseling.
Level of Evidence: The study represents Level 3 evidence due to its retrospective design and potential biases, indicating
a need for future prospective randomized controlled trials to validate these findings.

Cervical Spine

Keywords: ACDF, myelopathy, radiculopathy, dysphagia

INTRODUCTION

Anterior cervical discectomy and fusion (ACDF)
is 1 of the most common procedures utilized for the
treatment of cervical radiculopathy and myelopathy.'
The rate of ACDF procedures performed in the United
States increased by approximately 5.7% from 2006 to
2013, totaling 127,500 ACDF procedures overall in
2013." The average cost of an individual ACDF also
increased over this same period from $13,453 in 2006
to $17,932 in 2013." Along with this procedure comes
many possible complications, including postoperative

dysphagia, recurrent laryngeal nerve palsy, hematomas
of varying locations, dural penetration, esophageal per-
foration, and worsening of myelopathy/radiculopathy
symptoms.”

Previous research has shown an increased risk of
postoperative dysphagia, pain, and narcotic use in 4- vs
3-level ACDF, suggesting a relationship between com-
plications and level involvement.? Additionally, anterior
fusion of C2 to C3 or C3 to C4 may pose an increased
risk for postoperative dysphagia.* Despite this prelimi-
nary data, there is still limited research comparing the
postoperative outcomes of upper cervical fusions (UCF)
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with middle-to-lower cervical fusions (MLCF). With
the rate of ACDFs consistently rising, further elucidat-
ing this relationship will help medical decision-making
to decrease complications and financial burden.’ This
study aims to compare the overall outcomes of UCF—
defined as fusions involving the C3 to C4 disc space—
with MLCF defined as the remainder of the cervical
spine. Due to the more complex anatomy of the neck at
the superior cervical spine® and reports of increases in
dysphagia after UCE* we hypothesize that UCFs will
result in longer hospitalizations, increased rates of post-
operative dysphagia, and an increased need for postop-
erative rehabilitation services.

METHODS

A retrospective medical record review was con-
ducted of adult patients (>18 years old at the time of
surgery) diagnosed with cervical myelopathy or radicu-
lopathy and treated with ACDF between 1 January 2012
and 31 September 2022 at an academic hospital (Uni-
versity Medical Center New Orleans LCMC Health).
Patients younger than 18 years, patients with a history
of previous cervical spine surgery, patients with pathol-
ogy resulting from tumor or trauma, and patients under-
going revision surgery were excluded. Additionally,
ACDF, including the C2 to C3 level or thoracic decom-
pression fusion (C7-T1 level) anteriorly, was excluded
from the study. Patients undergoing posterior instru-
mentation during the same hospital stay were excluded
from the study.

Patient information was collected through manual
medical record review within the electronic medical
record. Patients were classified based on whether they
underwent C3 to C4 level fusion within the ACDF con-
struct. Those with UCF had C3 to C4 level fusion, while
those lacking C3 to C4 level fusion were designated as
MLCF.

Demographic characteristics, such as age, sex, race,
ethnicity, height, weight, insurance type, and marital
status, were collected. Clinical characteristics, including
length of surgery from anesthesia induction to closure,
hospital length of stay (LOS), discharge location,
American Society of Anesthesiologist (ASA) classi-
fication, graft type inserted, type of fusion device uti-
lized, use of neuromonitoring and/or approach surgeon,
presence of cord signal change or spondylolisthesis on
preoperative radiographs, neurological symptoms pre-
and postoperatively, postoperative complications, and
follow-up visits, were also collected. Given the previ-
ous literature on ACDF outcomes, significant efforts
were made to collect and account for all common

confounding variables that may affect surgical out-
comes. Spinal cord signal change, diagnosis of spondy-
lolisthesis, and neurological symptom characterization
(radiculopathy vs myelopathy; upper vs lower extrem-
ity involvement) were collected to attempt to account
for differences in disease severity that might affect sur-
gical outcomes. Additionally, the type of fusion device,
type of graft used, use of neuromonitoring, and use of
approach surgeon were collected to account for surgi-
cal planning and decision-making differences and their
possible effects on outcomes. Finally, ASA scores were
collected to control for patient comorbidity status at the
time of surgery. Follow-up characteristics were mea-
sured between the procedure date and the last recorded
follow-up date, and this interval was used to calculate
the median follow-up time for each group. The primary
outcome of the study was postoperative complication
rates, with secondary outcomes including LOS, dis-
charge location, and changes in preoperative neurologi-
cal symptoms after surgery.

All postoperative complications were recorded and
categorized as major or minor based on the classifica-
tion by Campbell et al.” Details of each patient’s surgery
were directly collected from the physician’s operative
report. The ASA classification was obtained from the
anesthesiology report for each patient’s surgery. Cord
signal changes and the presence of spondylolisthesis
were obtained from radiology reports attached to each
patient’s imaging. Neurological symptoms and postoper-
ative complications were recorded from physician notes
at preoperative and follow-up visits. Due to the retrospec-
tive nature of this study, standardized scoring of dyspha-
gia was unable to be obtained. However, dysphagia was
only recorded as a complication if it persisted for greater
than 1 month postoperatively. All clinical characteristics
were initially assessed by a practicing orthopedic spinal
surgeon or neurosurgeon. No independent determinations
were made by the data collectors to maximize the accu-
racy of the extracted data.

Study data were collected and managed using REDCap
electronic data capture tools hosted at Louisiana State
University Health Science Center.*® Data were analyzed
using the SAS/STAT software, version 9.4 of the SAS
System for PC (SAS Institute Inc., Cary, NC, USA).
Demographic and baseline characteristics were com-
pared between the groups using either y* tests or Fisher
exact tests for categorical variables and Student’s ¢ test
for continuous normally distributed variables. Postinter-
vention outcomes were compared in univariable anal-
ysis using either »* tests or linear-mixed effects models
or generalized linear-mixed models, depending on their
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Table 1. Baseline patient demographics.?

MLCF UCF

Characteristics (n =562) (n =281) P
Age, y, mean (SD) 53.7(10.8) 58.3(9.4) <0.0001
BMI, kg/mz, mean (SD) 30.3 (7.3) 29.3 (6.8) 0.063
Sex, % (n) <0.0001

Woman 53.0 (298) 29.2 (82)

Man 47.0 (264)  70.8 (199)
Race, % (n) <0.0001

Black or African American 35.6 (200) 56.9 (160)

White or Caucasian 60.9 (342) 39.5(111)

Other 3.0(17) 2.5(7)

Not available 0.53) 1.1 (3)
Insurance, % (n) 0.005

Medicaid 27.2 (153) 18.9 (53)

Medicare 324 (182)  44.5(125)

Self-pay 20.8 (117) 16.7 (47)

Private 12.3 (69) 11.7 (33)

Other 7.3 (41) 8.2 (23)
Married or with partner, % (n) 39.2(220) 41.3(115) 0.786
Psychiatric diagnosis, % (n)

Anxiety 36.7 (206) 27.8 (78) 0.014

Depression 33.3(187) 23.8 (67) 0.005

Psychotic 2.7 (15) 2.5(7) 0.879

Abbreviations: ACDF, anterior cervical discectomy and fusion; BMI, body mass
index; MLCF, middle-to-lower cervical fusion; UCF, upper cervical fusion.

Note: Boldface indicates statistically significant comparison.

“Patients were classified as UCF or MLCF based on the inclusion of C3 to C4 level
in the ACDF construct.

distribution. Age, sex, race, insurance type, number of
levels fused, spinal cord signal change, and neurologi-
cal diagnosis were included in the overall multivariable
models as covariates to minimize confounding. Multivari-
able models included only African American/Black and
Caucasian/White patients as logistic models failed to con-
verge when including other race categories due to small
cell counts. Statistical significance was defined as P value
<0.05.

RESULTS

A total of 835 patients were included in the current
analysis, comprising 562 in the MLCF group and 281
in the UCF group. The demographic characteristics
and psychiatric diagnoses of the patients are reported
in Table 1. MLCF patients were significantly younger
than UCF patients (53.7 vs 58.3 years old, P < 0.0001),
predominately women (53.0% vs 29.2%, P < 0.0001),
and white or Caucasian (60.9% vs 39.5%, P < 0.0001).
Following the age trend, a difference in primary insur-
ance distribution was observed between the groups (P =
0.008; Table 1). UCF patients tended to have Medicare
(44.5% vs 32.4%) more often than Medicaid (18.9% vs
27.2%) listed as their primary insurance. No significant
difference was observed in body mass index. Regard-
ing psychiatric diagnosis, there was no significant dif-
ference in psychotic disorders (P = 0.879). However,
individuals who received MLCF showed higher rates of

Table 2. Clinical and surgical characteristics of patients undergoing ACDF
with either UCF or MLCF.?

MLCF UCF

Characteristics (n=562) (n=281) P
Neurological diagnosis, % (n) <0.0001
Myelopathy 48.8 (274) 63.0 (177)
Radiculopathy 33.1(186) 11.4(32)
Myelopathy and radiculopathy 18.2 (102) 25.6(72)
SCSC observed presurgery, % (n) 14.8 (83) 22.8 (64) 0.004
Spondylolisthesis diagnosis, % (n) 9.4 (53) 13.5 (38) 0.071
Extremities with NS, % (n) 0.061
Upper 66.7 (375) 58.0 (163)
Lower 2.7 (15) 39(11)
Upper and lower 28.6 (161) 36.7 (103)
Not available 2.0(11) 1.4 4)
ASA classification, % (n) 0.377
I 0.7 (4) 0.7 (2)
1T 50.0 (281) 43.8 (123)
11 48.0 (270) 54.5(153)
v 1.3(7) 1.1 (3)
Approach surgeon utilized, % (n) 3.9(22) 3.6 (10) 0.800
Graft used, % (n) 92.7 (521) 94.7 (266)  0.282
Neuromonitoring used, % (n) 53.9 (303) 49.8 (140) 0.262
Fusion device, % (n) 0.884
Plate alone 50.0 (281) 50.5(142)
Plate + cage 50.0 (281) 49.5(139)

Abbreviations: ACDF, anterior cervical discectomy and fusion; ASA, American
Society of Anesthesiologists; MLCF, middle-to-lower cervical fusion; NS,
neurological symptoms; SCSC, spinal cord signal change; UCF, upper cervical
fusion.

Note: Boldface indicates statistically significant comparison.

Patients were classified as UCF or MLCF based on the inclusion of C3 to C4 level
in the ACDF construct.

depression (33.3% vs 23.8%, P = 0.005) and anxiety
(36.7% vs 27.8%, P = 0.014) when compared with UCF
patients. Demographic variables that demonstrated
a statistically significant difference between groups
including age, sex, race, and insurance status were used
in subsequent multivariable analysis to control for pos-
sible confounders.

Pre- and intraoperative characteristics of each group
are reported in Table 2. The 2 fusion groups demon-
strated a significant difference in neurological diagno-
sis (P < 0.0001). Myelopathic symptoms alone were
most prevalent in UCF (63.0% vs 48.8%), while radic-
ulopathy alone was more prevalent in MLCF (33.1%
vs 11.4%). Rates of concurrent myelopathy and radic-
ulopathy were more comparable between groups, with
UCF at 25.6% and MLCF at 18.2%. UCF patients
exhibited spinal cord signal change on preoperative
imaging significantly more often than MLCF patients
(22.8% vs 18.2%). Additionally, UCF patients had
more patients with preoperative diagnosis of spondy-
lolisthesis; however, the difference did not reach sig-
nificance. No significant differences were observed
between the 2 groups in ASA classifications, approach
surgeon utilization, graft utilization, neuromonitoring
utilization, and fusion device type. Pre- and intraop-
erative differences that reached statistical significance
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Table 3. Spine levels involved in ACDF of patients diagnosed with either UCF or MLCF.?

MLCF (n = 562)

UCF (n = 281)

Spine Level n=63 n=117 n =65 n =104

n=134

n=179

n =280

n="170 n =46

Abbreviations: ACDF, anterior cervical discectomy and fusion; MLCF, middle-to-lower cervical fusion; UCF, upper cervical fusion.
The cells highlighted in black are a visualization of the cervical levels involved within the construct, not statistical significance. The associated P values are provided in the

Results section.

“Patients were classified as UCF or MLCF based on the inclusion of C3 to C4 level in the ACDF construct.

including neurological diagnosis and spinal cord signal
change were used in subsequent multivariable analysis
as covariates to control for confounding.

Table 3 demonstrates the number of levels involved
within the fusion construct of patients within each
group. The MLCF group comprised 562 total patients,
245 of whom received a 2-level fusion, 238 of whom
received a 3-level fusion, and 79 of whom underwent
4-level fusion. Of the 245 patients who underwent
2-level fusion, 63 of the constructs involved C4 to C5,
117 involved C5 to C6, and 65 involved C6 to C7. Of the
238 patients undergoing 3-level fusions, 104 involved
C4 to C6, and the remaining 134 involved C5 to C7.
The remaining 79 patients underwent 4-level fusion of
C4 to C7. The UCF group consisted of 281 patients,
including 85 2-level ACDF involving C3 to C4, 80
3-level involving C3 to C5, 70 4-level including C3 to
C6, and 46 5-level fusions spanning C3 to C7. There
was a significantly increased number of patients in the
MLCEF with 1- or 2-level fusions, while the UCF con-
tained more patients receiving 3- or 4-level fusions (P
< 0.0001). These differences in number of levels fused
were considered in the multivariable analysis to control
for possible confounding.

There was no significant difference in the median
follow-up time between the 2 groups. Specifically, the
median follow-up time for UCF was 211 days (range:
0-3347) and for MLCF was 200 days (range: 0-3820).
Approximately 75% of the patients had at least 1 fol-
low-up 30 days after discharge (78.3% for UCF and
74.2% for MLCF, P = 0.192). The median surgery time
was extended when C3 to C4 was involved (P = 0.0006),
measuring 3 hours and 4 minutes (range: 44 minutes
to 7 hours and 39 minutes) for UCF cases and 2 hours
and 44 minutes (range: 43 minutes to 8 hours and
22 minutes) for MLCF cases.

Univariable comparisons and prevalence of postop-
erative outcomes are reported in Table 4 for the entire
sample. UCF led to an approximately 1.5 days longer
LOS compared with MLCF (1.5 vs 3.1, P < 0.0001).

MLCF patients were more often discharged home
(92.7% vs 84.0%), with the remaining patients requir-
ing either inpatient rehabilitation (1.6% and 9.3%), out-
patient rehabilitation (5.3% vs 5.7%), or nursing facility
care (0.4% and 1.1%). Of the 843 patients included in
the statistical analysis, 628 had neurological symptoms
in the postoperative period recorded in their electronic
medical record. A subset of patients lacked information
regarding their neurological symptoms in the postop-
erative period: 147 (26.3%) MLCF patients and 66
(23.5%) UCF patients; however, the prevalence did not
significantly differ (P = 0.385). There was no signifi-
cant difference observed in rates of major complications
including new neurological deficits and requirement
for revision surgery between the 2 groups. However,
the UCF group exhibited a significantly higher rate of
minor complications (29.5% vs 18.7%, P = 0.0004),
including dysphagia (22.1% vs 15.0%, P = 0.010).
Additionally, a higher percentage of MLCF patients

Table 4. Primary and secondary outcomes of patients undergoing ACDF with
either UCF or MLCF.?

MLCF UCF

Characteristics (n =562) (n =281) P

LOS, mean (95% CI) 1.6 (14-1.8) 3.0(2.6-3.5) <0.0001

Discharge location, % (n) <0.0001
Home 92.7 (521) 84.0 (236)
Nursing facility 0.4 (2) 1.1 (3)
In-patient 1.6 (9) 9.3 (26)
Outpatient 5.3 (30) 5.7 (16)
NS postsurgery (n = 628), % (n) <0.0001
Resolved/improved 75.8 (313) 60.5 (130)
No change/worsen 24.2 (100) 39.5 (85)
Complications, % (n)
At least 1 major complication 13.0 (73) 15.1 (42) 0.435
New neurological deficit 5.2(29) 5.3 (15) 0.913
Revision surgery 3.0 (17) 4.3(12) 0.350
At least 1 minor complication 18.7 (105) 29.5 (83) 0.0004
Dysphagia 15.0 (84) 22.1(62) 0.010

Abbreviations: ACDF, anterior cervical discectomy and fusion; CI, confidence
interval; LOS, length of stay; MLCF, middle-to-lower cervical fusion; NS,
neurological symptoms; UCF, upper cervical fusion.

Note: Boldface indicates statistically significant comparison.

“Patients were classified as UCF or MLCF based on the inclusion of C3 to C4 level
in the ACDF construct.
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reported improvement or resolution in their symptoms
than UCF patients (75.8% vs 60.5%, P < 0.0001).

Adjusted OR (aOR) derived from multivariable analy-
sisis provided in Table 5. Multivariable analysis accounted
for all statistically significant demographic, preoperative,
and intraoperative characteristics. These variables include
age, sex, race, insurance type, number of levels fused,
spinal cord signal change, and neurological diagnosis.
All other demographic and operative variables showed no
significance between the UCF and MLCF groups, elimi-
nating any confounding effect these variables might have
had on the results. UCF patients demonstrated a longer
LOS on univariable analysis, a difference that remained
within the multivariate analysis (2.3 vs 3.3 days, P <
0.0001). Although significant on univariable analysis,
aOR for postoperative requirement for inpatient or out-
patient rehabilitation failed to reach significance (aOR =
1.7;95% CI: 0.99, 2.90; P = 0.055) on multivariable anal-
ysis. The aOR for at least 1 minor complication was 83%
higher in the UCF group compared with the MLCF group
(aOR = 1.83; 95% CI: 1.24, 2.72; P = 0.003). Addition-
ally, for dysphagia, the odds were 66% higher in the UCF
group than in the MLCF group (aOR = 1.66; 95% CI:
1.08, 2.56; P =0.021). Finally, MLCF patients were more
likely to experience resolution in their neurological symp-
toms, as aOR was calculated for these variables (aOR =
0.46; 95% CI: 0.30, 0.70; P = 0.0003).

DISCUSSION

The current literature consists of many studies
analyzing the effect of factors such as type of fusion

Table 5. OR and aOR of event for a subgroup? of patients undergoing ACDF
with upper cervical fusion (UCF) or middle-lower cervical fusion (MLCF).?

OR(95% CI)  aOR‘ (95% CI)

Characteristics

Inpatient/outpatient rehabilitation
discharge

Postsurgery NS resolved/got better  0.43 (0.30, 0.62)
(n=1618)

Complications
At least 1 major complication
New neurological deficit
Revision surgery
At least 1 minor complication
Dysphagia

2.43(1.54,3.84) 1.70(0.99, 2.90)

0.46 (0.30, 0.70)

1.20 (0.79, 1.82)
1.00 (0.52, 1.93)
1.47 (0.69, 3.15)
1.89 (1.34, 2.66)
1.72 (1.18, 2.49)

1.22 (075, 1.98)
1.66 (0.76, 3.63)
0.99 (0.40, 2.43)
1.83 (1.24,2.72)
1.66 (1.08, 2.56)

Abbreviations: ACDF, anterior cervical discectomy and fusion; aOR, adjusted OR;
MLCEF, middle-to-lower cervical fusion; NS, neurological symptoms; UCF, upper
cervical fusion.

Note: Estimates that are bolded are significantly different from 1 (P < 0.05).

“The current analysis included only African American/Black and Caucasian/White
patients. The models failed to converge when including other race categories due to
small cell counts.

PPatients were classified as UCF or MLCF based on the inclusion of C3 to C4 level
in the ACDF construct.

“aOR was calculated including age, sex, race, insurance type, number of levels fused,
spinal cord signal change, and diagnosis as covariates.

device and number of levels fused on ACDF outcomes;
however, to our knowledge, there is no current literature
assessing the relationship of location and outcomes in
cervical fusions. Anecdotally, there seems to be consen-
sus among surgeons within the spine surgery community
that UCF patients seem to have worse overall outcomes
when compared with their MLCF counterparts. This
retrospective review of 853 ACDF patients diagnosed
with cervical myelopathy or radiculopathy serves as
preliminary evidence suggesting that UCF patients may
demonstrate worse overall outcomes when compared
with MLCF patients. Specifically, patients who under-
went UCF had longer LOS, higher rates of dysphagia,
and increased needs for rehabilitation services and were
less likely to experience improvement of their neuro-
logical symptoms postoperatively when compared with
MLCEF patients. After multivariable analysis was con-
ducted to control statistically significant differences
in demographics, number of fusion levels, presence of
spinal cord signal change on radiographs, and diagnosis
of radiculopathy and/or myelopathy, UCF patients still
had higher rates of dysphagia and longer LOS and were
less likely to self-report improvement of their neurolog-
ical symptoms postoperatively.

The first of the significant findings following UCF
was increased rates of dysphagia, which is the most
common complication following ACDFE.'">'? The inci-
dence of dysphagia following ACDF is highest in the
early postoperative period and tends to decrease in the
first 8 to 12 weeks."? Although all surgical procedures
carry some risk for dysphagia due to factors such as
laryngeal stretch and esophageal edema following intu-
bation, anterior cervical procedures have been shown
to carry an additional risk attributed to associated pha-
ryngeal wall edema or recurrent laryngeal nerve paral-
ysis.'""* The risk of dysphagia following ACDF has
been previously linked to a number of factors, including
female gender, younger age, increased operative time,
increased ASA score, and a greater number of cervi-
cal level involvement increasing risk.'>>™'® This study
demonstrated a significantly increased risk following
UCF after controlling for additional previously sug-
gested risk factors for dysphagia when compared with
MLCE. This is in line with previous indirect data from a
2007 prospective study investigating the effects of plate
thickness demonstrating a trend of higher rates of dys-
phagia with plates at the level of C3." Conversely, Kalb
et al found an increased risk at C4 to C5 and C5 to C6,
although the power of this finding was admittedly low
based on the patient population studied.”
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With rates of dysphagia demonstrated to vary depend-
ing on cervical level involvement, an additional consid-
eration for perioperative preventive measures may be
indicated. A variety of strategies to decrease postoper-
ative dysphagia currently exist within the literature. A
2013 study investigating a medial vs lateral dissection
to the omohyoid muscle found that there were no dif-
ferences between the 2 approaches until a subanalysis
revealed that C3 to C4 patients reported fewer symptoms
when using the medial approach.® Additionally, intraop-
erative retropharyngeal steroid injections can decrease
local soft tissue swelling without increasing the risk
of infection.*! Finally, fusion device choice may also
be used with data suggesting that lower profile fusion
devices or various anchor-spacer constructs reduce the
risk of dysphagia without a reduction in the integrity of
the construct.””2* While many of these methods have
shown efficacy in the literature, they are far from ubig-
uitous among ACDF procedures. However, the findings
of this study suggest additional consideration of these
dysphagia prevention, and management strategies may
be necessary in patients undergoing UCF to improve
patient outcomes.

In addition to increased rates of dysphagia, UCF
patients were also less likely to report improvements
in their neurological symptoms postoperatively. As the
current gold standard treatment, ACDF has been shown
to improve myelopathy and/or radiculopathy symptoms
associated with cervical degenerative disc disease.”> >’
There are multiple methods of measuring success in
ACDF, with the most patient-centered outcome metrics
being postoperative satisfaction scores and neurological
outcome measures. In a clinical context, patient satis-
faction has been shown to depend primarily on improve-
ment in preoperative pain, while the current academic
literature largely measures treatment success in terms
of improvement in neurological symptoms.>**>° The
present study found UCF patients to be less likely to
report improvement in their neurological symptoms,
which lends both clinical and academic implications.
Clinically, a lower rate of neurological improvement
and consequent lower likelihood of patient satisfaction
based on the location of the fusion being performed
suggests that counseling is indicated to manage expec-
tations of postoperative outcomes. This is specifically
important in the context of patient satisfaction also
being highly related to preoperative expectations of
improvement.’'** Academically, with many studies
using objective measures of neurological improvement
to quantify treatment success, the location of fusion
may prove to be an important covariant to control in

multivariable analyses when comparing outcomes of
different cervical fusion procedures.

Finally, UCF patients demonstrated longer lengths of
stay when compared with MLCEF patients. When consid-
ering factors that increase LOS, previous data suggest
that preoperative characteristics such as increased ASA
score, older age, and insurance status seem to play
more significant roles than intraoperative characteris-
tics.>>>° However, the present analysis suggests that
intraoperative characteristics may play a role when
these patient variables are controlled for. Longer LOS
leads to adverse outcomes including increased hospital
costs and worse overall postoperative course.”>* Thus,
given the increased LOS demonstrated following UCEF,
there exists a clinical and financial incentive to further
elucidate the interplay between cervical level and LOS
in ACDF procedures.

Further elucidating the relationship between cervi-
cal fusion level and patient outcomes has both clinical
and academic implications. Clinically, understanding
all the variables that affect outcomes allows for better
patient education and counseling. The findings of this
study further suggest that the level of fusion should be
considered when counseling patients on their chances
of neurological symptom improvement postoperatively
as well as their risk for common complications. Aca-
demically, this study highlights the potential impor-
tance of controlling for cervical fusion level in future
studies. Similarly, as previous research has underscored
the importance of controlling for the number of levels
included in a fusion (hence its inclusion in our multi-
variable analysis for this study), future studies should
control for fusion level when concluding that their
device, surgical technique, or other variable improves
or worsens outcomes.

While this study had many strengths, including its large
sample size and extensive statistical analysis to control
confounding variables known to affect ACDF outcomes,
it is not without limitations. Given its retrospective nature,
the accuracy of the data cannot be confirmed with complete
certainty despite the authors’ efforts to maximize accuracy.
In addition, some of the metrics of postoperative outcomes
such as dysphagia and postoperative neurological symp-
toms were collected from clinical notes rather than stan-
dardized scoring systems for these metrics. Unfortunately,
the retrospective nature of the study meant that sufficient
information was not available in patient medical records
to calculate standardized scores for these variables at the
time the study was conducted. Another unique, yet poten-
tially limiting, aspect of this study is the patient popula-
tion. While the high rates of African American patients
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and patients with Medicare/Medicaid make it unique for
understanding ACDF outcomes in these nderstudied pop-
ulations, this sample is not generalizable to the United
States at large. Future studies should aim to use popula-
tions that account for this limitation in our findings.

Overall, to our knowledge, this study is the first to
directly investigate the link between cervical fusion level
and postoperative outcomes. While the data suggest that
UCF has worse outcomes compared with MLCF, the
authors view this as a pilot study intended to highlight
the potential implications of fusion location on outcomes
and encourage follow-up studies to confirm these findings
before using these results to change academic or clinical
procedure. Specifically, prospective studies using stan-
dardized scores for measuring postoperative dysphagia
and neurological symptoms should be conducted for better
elucidation of the relation between anterior cervical fusion
level and patient outcomes.

CONCLUSION

UCF may be associated with an increased likelihood
of postoperative dysphagia, longer LOS, increased like-
lihood of nonhome discharge from hospital, and a lower
likelihood of improvement in neurological symptoms
compared with MLCF. Future prospective studies utilizing
standardized scoring metrics for tracking complications
are needed to further elucidate the relationship.

ACKNOWLEDGMENTS

Thank you to the Louisiana State University Health
Sciences Center—New Orleans Department of
Orthopedics, Department of Neurosurgery, and
University Medical Center for their support in the
completion of this project.

REFERENCES

1. Saifi C, Fein AW, Cazzulino A, et al. Trends in resource utili-
zation and rate of cervical disc arthroplasty and anterior cervical dis-
cectomy and fusion throughout the United States from 2006 to 2013.
Spine J. 2018;18(6):1022-1029. doi:10.1016/j.spinee.2017.10.072

2. Fountas KN, Kapsalaki EZ, Nikolakakos LG, et al. Anterior
cervical discectomy and fusion associated complications. Spine.
2007;32(21):2310-2317. doi:10.1097/BRS.0b013e318154c57e

3. Dela Garza-Ramos R, Xu R, Ramhmdani S, et al. Long-term
clinical outcomes following 3- and 4-level anterior cervical discec-
tomy and fusion. SPI. 2016;24(6):885-891. doi:10.3171/2015.10.
SPINE15795

4. Aguilar D-D, Brara HS, Rahman S, Harris J, Prentice HA,
Guppy KH. Exclusion criteria for dysphagia for outpatient single-
level anterior cervical discectomy and fusion using inpatient data
from a spine registry. Clin Neurol Neurosurg. 2019;180:28-33.
doi:10.1016/j.clineuro.2019.03.008

5. Kanat A, Tsianaka E, Gasenzer ER, Drosos E. Some interest-
ing points of competition of x-ray using during the Greco-Ottoman
War in 1897 and development of neurosurgical radiology: a remi-
niscence. Turk Neurosurg. 2022;32(5):877-881. doi:10.5137/1019-
5149.JTN.33484-20.3

6. FengbinY, Xinwei W, Haisong Y, Yu C, Xiaowei L, Deyu C.
Dysphagia after anterior cervical discectomy and fusion: a prospec-
tive study comparing two anterior surgical approaches. Eur Spine J.
2013;22(5):1147-1151. doi:10.1007/s00586-012-2620-5

7. Campbell PG, Yadla S, Malone J, et al. Complications related
to instrumentation in spine surgery: a prospective analysis. Neuro-
surg Focus. 2011;31(4). doi:10.3171/2011.7.FOCUS1134

8. Harris PA, Taylor R, Minor BL, et al. The REDCap Con-
sortium: building an international community of software platform
partners. J Biomed Inform. 2019;95. doi:10.1016/j.jbi.2019.103208

9. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde
JG. Research electronic data capture (REDCap)--a metadata-driven
methodology and workflow process for providing translational
research informatics support. J Biomed Inform.2009;42(2):377-381.
doi:10.1016/j.jbi.2008.08.010

10. Chung W-F, Liu S-W, Huang L-C, et al. Serious dysphagia
following anterior cervical discectomy and fusion: long-term inci-
dence in a national cohort. J Neurosurg Sci. 2020;64(3):231-237.
doi:10.23736/S0390-5616.17.03970-4

11. Smith-Hammond CA, New KC, Pietrobon R, Curtis DJ,
Scharver CH, Turner DA. Prospective analysis of incidence and
risk factors of dysphagia in spine surgery patients: comparison of
anterior cervical, posterior cervical, and lumbar procedures. Spine.
2004;29(13):1441-1446. doi:10.1097/01.brs.0000129100.59913.ea

12. Epstein NE. A review of complication rates for anterior
cervical diskectomy and fusion (ACDF). Surg Neurol Int. 2019;10.
doi:10.25259/SNI-191-2019

13. Rihn JA, Kane J, Albert TJ, Vaccaro AR, Hilibrand AS.
What is the incidence and severity of dysphagia after anterior
cervical surgery? Clin Orthop Relat Res. 2011;469(3):658-665.
doi:10.1007/s11999-010-1731-8

14. Rieger A, Brunne B, Hass I, et al. Laryngo-pharyngeal
complaints following laryngeal mask airway and endotracheal
intubation. J Clin Anesth. 1997;9(1):42-47. doi:10.1016/S0952-
8180(96)00209-7

15. Yew AY, Nguyen MT, Hsu WK, Patel AA. Quantitative
risk factor analysis of postoperative dysphagia after anterior cer-
vical discectomy and fusion (ACDF) using the eating assessment
tool-10 (EAT-10). Spine. 2019;44(2):E82-E88. doi:10.1097/
BRS.0000000000002770

16. Wu B, Song F, Zhu S. Reasons of dysphagia after opera-
tion of anterior cervical decompression and fusion. Clin Spine Surg.
2017;30(5):E554-E559. doi:10.1097/BSD.0000000000000180

17. Riley III LH, Skolasky RL, Albert TJ, et al. Dysphagia
after anterior cervical decompression and fusion: prevalence and
risk factors from a longitudinal cohort study (presented at the 2004
CSRS meeting). Spine. 2005;30(22):2564-2569. doi:10.1097/01.
brs.0000186317.86379.02

18. Bazaz R, Lee MJ, Yoo JU. Incidence of dysphagia
after anterior cervical spine surgery: a prospective study. Spine.
2002;27(22):2453-2458. doi:10.1097/00007632-200211150-00007

19. Chin KR, Eiszner JR, Adams SB Jr. Role of plate thick-
ness as a cause of dysphagia after anterior cervical. Spine.
2007;32(23):2585-2590. doi:10.1097/BRS.0b013e318158dec8

20. Kalb S, Reis MT, Cowperthwaite MC, et al. Dyspha-
gia after anterior cervical spine surgery: incidence and risk

Downloaded from https://www.ijssurgery.com/ by guest on November 21, 2024

International Journal of Spine Surgery, Vol. 00, No. 0 7


https://www.ijssurgery.com/

Comparing ACDF Outcomes by Cervical Spine Level: A Single Center Retrospective Cohort Study

factors. World Neurosurg. 2012;77(1):183-187. doi:10.1016/j.
wneu.2011.07.004

21. Lee S-H, Kim K-T, Suk K-S, Park K-J, Oh K-I. Effect of
retropharyngeal steroid on prevertebral soft tissue swelling fol-
lowing anterior cervical discectomy and fusion: a prospective,
randomized study. Spine. 2011;36(26):2286-2292. doi:10.1097/
BRS.0b013e318237e5d0

22. Miao J, Shen Y, Kuang Y, et al. Early follow-up outcomes
of a new zero-profile implant used in anterior cervical discectomy
and fusion. Clin Spine Surg. 2013;26(5):E193-E197. doi:10.1097/
BSD.0b013e31827a2812

23. Qi M, Chen H, Liu Y, Zhang Y, Liang L, Yuan W. The
use of a zero-profile device compared with an anterior plate and
cage in the treatment of patients with symptomatic cervical spon-
dylosis. Bone Joint J. 2013;95-B(4):543-547. doi:10.1302/0301-
620X.95B4.30992

24. Yang L, Gu Y, Liang L, et al. Stand-alone anchored
spacer versus anterior plate for multilevel anterior cervical
diskectomy and fusion. Orthopedics. 2012;35(10):e1503—e1510.
doi:10.3928/01477447-20120919-20

25. Lehmann CL, Buchowski JM, Stoker GE, Riew KD. Neu-
rologic recovery after anterior cervical discectomy and fusion. Glob
Spine J. 2014;4(1):41-46. doi:10.1055/s-0033-1360723

26. Garrido BJ, Taha TA, Sasso RC. Clinical outcomes of
bryan cervical disc arthroplasty a prospective, randomized, con-
trolled, single site trial with 48-month follow-up. Clin Spine Surg.
2010;23(6):367-371. doi:10.1097/BSD.0b013e3181bb8568

27. Sampath P, Bendebba M, Davis JD, Ducker T. Outcome
in patients with cervical radiculopathy. Prospective, multicenter
study with independent clinical review. Spine. 1999;24(6):591-597.
doi:10.1097/00007632-199903150-00021

28. Hessler C, Boysen K, Regelsberger J, Vettorazzi E, Winkler
D, Westphal M. Patient satisfaction after anterior cervical discec-
tomy and fusion is primarily driven by relieving pain. Clin J Pain.
2012;28(5):398—-403. doi:10.1097/AJP.0b013e318232cddc

29. Toci GR, Lambrechts MJ, Karamian BA, et al. Patients with
radiculopathy have worse baseline disability and greater improve-
ments following anterior cervical discectomy and fusion com-
pared to patients with myelopathy. Spine J. 2023;23(2):238-246.
doi:10.1016/j.spinee.2022.10.005

30. Lemcke J, Menz H, Al-Zain F, Meier U. Outcome after
cervical anterior fusion--a clinical study of 368 patients. Z Orthop
Unfall. 2007;145(6):744-752. doi:10.1055/s-2007-965800

31. Asher AL, Devin CJ, Kerezoudis P, et al. Predictors of
patient satisfaction following 1- or 2-level anterior cervical dis-
cectomy and fusion: insights from the quality outcomes database.
J Neurosurg Spine. 2019;31(6):835-843. doi:10.3171/2019.6.SP
INE19426

32. Lynch CP, Cha ED, Jacob KC, et al. Do patient expecta-
tions represent a more important clinical difference? A study of sur-
gical outcomes in the cervical spine. J Minim Invasive Spine Surg
Tech. 2022;7(1):125-131. doi:10.21182/jmisst.2021.00353

33. Gruskay JA, Fu M, Basques BA, et al. Factors affecting
length of stay and complications after elective anterior cervical dis-
cectomy and fusion. J Spinal Disord Tech. 2016;29(1):E34-E42.
doi:10.1097/BSD.0000000000000080

34. Dial BL, Esposito VR, Danilkowicz R, et al. Factors
associated with extended length of stay and 90-day readmis-
sion rates following ACDE. Glob Spine J. 2020;10(3):252-260.
doi:10.1177/2192568219843111

35. Elsamadicy AA, Koo AB, Lee M, et al. Associated risk
factors for extended length of stay following anterior cervical
discectomy and fusion for cervical spondylotic myelopathy. Clin
Neurol Neurosurg. 2020;195. doi:10.1016/j.clineuro.2020.105883

Funding: Neither this project nor its authors received
any external funding related to this project.

Declaration of Conflicting Interests: The
authors report no conflicts of interest in this work.

Disclosures: A K.B. is a paid consultant for 4WEB
Medical, Ferring Pharmaceuticals, and Zavation; is a
board or committee member for AAOS, the American
Board of Orthopedic Surgery, and the North American
Spine Society; and is on the editorial/governing board
for the Journal of Orthopaedic Experience and Innova-
tion. The remaining authors have nothing to disclose.

Ethics Approval: LSU Health Sciences Center
Institutional Review Boards Protocol #5187: The
LSUHSC-NO IRB has determined the above referenced
human subjects research study to be exempt under
45 CFR 46.104(d), Category 4iii. Secondary research
for which consent is not required. Secondary research
uses of identifiable private information or identifiable
biospecimens. The research involves only information
collection and analysis involving the investigator’s
use of identifiable health information when that use is
regulated under 45 CFR parts 160 and 164, subparts
A and E, for the purposes of "health care operations"
or "research" as those terms are defined at 45 CFR
164.501 or for "public health activities and purposes"
as described under 45 CFR 164.512(b). Waiver of
Informed Consent and HIPAA Authorization is granted.

Corresponding Author: Davis Martin, Louisi-
ana State University Health Sciences Center School of
Medicine, 2021 Perdido St, New Orleans, LA 70112,
USA; rschr1 @Isuhsc.edu

This manuscript is generously published free of charge
by ISASS, the International Society for the Advance-
ment of Spine Surgery. Copyright © 2024 ISASS. To
see more or order reprints or permissions, see http://
ijssurgery.com.

Downloaded from h{t,p?:/{)v(\)/wl\\/lv.ijamrgery.com/ by guest on November 21, 2024
ol. 00, No.

8 International Journal of Spine Surgery,


https://www.ijssurgery.com/

	Comparing ACDF Outcomes by Cervical Spine Level: A Single Center Retrospective Cohort Study
	ABSTRACT
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	Acknowledgments

	References


