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OBJECTIVE The goal of this study was to compare rates of dysphagia and patient-reported outcomes (PROs) follow-
ing long-segment (= 3 levels) anterior cervical spinal fusion (ACF) and posterior cervical spinal fusion (PCF) at 3 and 12
months postoperatively. PROs were also compared for patients with dysphagia versus those without dysphagia.

METHODS A prospectively collected quality improvement database was used to identify patients who had a long-
segment cervical spinal fusion. Cohorts were divided into ACF and PCF groups. Eating Assessment Tool-10 scores
and PROs were obtained for all patients preoperatively and at 3 and 12 months postoperatively to compare. Multivariate
analysis was also performed to evaluate risk factors for dysphagia.

RESULTS A total of 132 patients met the inclusion criteria, 77 of whom had undergone ACF and 55 of whom had
undergone PCF. Dysphagia rates between ACF and PCF cohorts were similar at baseline (13.0% vs 18.2%, p = 0.4).
New-onset dysphagia rates were also comparable at 3-month follow-up (39.7% vs 23.1%, p = 0.08) and 12-month follow-
up (32.6% vs 32.4%, p > 0.99). Patients who underwent PCF had worse Neck Disability Index (NDI) scores at 3 months
than did patients with ACF (13.67 £ 9.49 vs 10.55 + 6.24, respectively; p = 0.03). There were significantly higher NDI
scores for patients with dysphagia at 3 months in both the ACF and PCF groups and at 12 months for those in the PCF
group. Analogously, EuroQol-5 Dimensions scores were worse for patients with dysphagia; however, this was only sig-
nificant for patients in the ACF group at 3 months. There were no significant risk factors for the development of dyspha-
gia found on multivariate analysis.

CONCLUSIONS Similar rates and severity of dysphagia were seen following ACF and PCF at 3- and 12-month follow-
up. This suggests that long-term dysphagia following cervical fusion surgery may be due to structural changes from the
fusion rather than the surgical approach. However, the ACF cohort was significantly younger, and this may have partially
accounted for the findings. PROs were also compared for patients with and without dysphagia, demonstrating worsened
outcomes in some domains for patients who presented with dysphagia at 3- and 12-month follow-up. This suggests that
dysphagia may be associated with a decreased quality of life after cervical fusion.

https://thejns.org/doi/abs/10.3171/2024.4.SPINE24108
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degenerative conditions, including cervical spon-

dylotic myelopathy and medically refractory cer-
vical radiculopathy.! Surgery may be performed via an-
terior and/or posterior approaches. The anterior approach
involves dissection of the platysma muscle before retract-
ing structures including the carotid sheath and esophagus.
Conversely, the posterior approach involves the dissection

C ERVICAL spinal fusion is indicated for a variety of

and retraction of paraspinal musculature to expose the cer-
vical posterior elements. Although the anterior approach is
more commonly used for single- and two-level degenera-
tive pathologies,? the decision regarding which approach
to use for multilevel cervical disease is multifaceted and
remains controversial.

Dysphagia, the impairment of swallowing function,
represents a significant adverse outcome in patients un-

ABBREVIATIONS ACDF = anterior cervical discectomy and fusion; ACF = anterior cervical spinal fusion; ASA = American Society of Anesthesiologists; EAT-10 = Eating
Assessment Tool-10; EQ-5D = EuroQol-5 Dimensions; EQ-VAS = EuroQol visual analog scale; NASS = North American Spine Society; NDI = neck disability index; NRS-AP
= numeric rating scale arm pain; NRS-NP = numeric rating scale neck pain; PCF = posterior cervical spinal fusion; PRO = patient-reported outcome; QOL = quality of life.
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dergoing cervical spine surgery, and its presence may
severely negatively impact quality of life (QOL) postop-
eratively.’ Several risk factors have been identified in the
development of postoperative dysphagia. The use of a cer-
vical plate, use of bone morphogenetic protein—2, an up-
per surgical level at C3/4, female sex, and an operation in-
volving > 1 surgical level have been indicated to increase
the risk of dysphagia after anterior cervical discectomy
and fusion (ACDF).* Additionally, the anterior approach
to cervical spinal fusion introduces significant stress on
the esophagus and surrounding structures through dissec-
tion and retraction, increasing the risk for postoperative
dysphagia.® Although few studies have investigated dys-
phagia following posterior cervical spinal fusion (PCF),
some have suggested that dysphagia following PCF may
be due to loss of motion in the cervical spine from the pro-
cedure.” However, risk factors for dysphagia following
PCF remain poorly understood. Despite the prevalence of
these procedures, there remains a gap in the current litera-
ture comparing rates of long-term dysphagia between an-
terior and posterior surgical approaches to cervical spinal
fusion. Furthermore, despite the prevalence of dysphagia
in the general population, it is not commonly screened for
prior to cervical spinal surgery.?

Although dysphagia rates following cervical fusion
have been cited in the literature, the variability in mea-
surement tools and follow-up times lead to a wide range
of reported values. Additionally, many of these studies
use nonvalidated measures such as the Bazaz dysphagia
score to measure dysphagia. The Bazaz dysphagia score
is the most cited dysphagia questionnaire in the spine sur-
gery literature;® however, it does not correlate with QOL
scores.31% Using validated measurements for dysphagia is
important in further understanding the impact of dyspha-
gia on patients following cervical spinal fusion.

Given the paucity of research on dysphagia after cervi-
cal fusion and the impact of this disorder on QOL out-
comes, the aim of this study was to use a validated mea-
surement of dysphagia to compare rates following long-
segment anterior cervical spinal fusion (ACF) and PCF
and to investigate the impact of the disorder on patient-
reported outcomes (PROs). In doing so we hope to bet-
ter understand the true rate of long-term dysphagia before
and after these procedures and to evaluate risk factors and
potential causes of the disorder. We hypothesize that dys-
phagia is a common adverse outcome for both procedures.

Methods

Patient Selection

This study was a retrospective review of data from a
prospectively collected Spine Quality Registry. Patients
were included if they had a cervical fusion of = 3 seg-
mental levels performed between November 2020 and
May 2022. Cohorts were then created based on whether
the procedure was an ACF or a PCF. The ACF group con-
sisted of patients who underwent ACDF and/or anterior
cervical corpectomy and fusion. These procedures were
performed by the same group of surgeons across four cen-
ters. Preoperative demographics, operative indications,
and clinical characteristics were collected for all patients.

Brought to you by CCSS/BINASSS - DEPARTMENTO ADQ | Unauthenticated | Downloaded 11/13/24 06:43 PM UTC

Visconti et al.

Dysphagia Evaluation

Eating Assessment Tool-10 (EAT-10) scores were eval-
uated to assess clinically significant dysphagia and its se-
verity. The EAT-10 is a validated measurement of dyspha-
gia that can be collected in < 2 minutes.!"'? To calculate an
EAT-10 score, 10 questions are posed to the patient, scored
using a 5-point Likert scale, and then added to obtain a
score between 0 and 40. A score of = 3 indicates clini-
cally significant dysphagia and a higher score indicates
more severe dysphagia. The EAT-10 has been shown to
demonstrate excellent internal consistency, test-retest reli-
ability, and criterion-based validity."* EAT-10 scores were
collected preoperatively, at 3 months postoperatively, and
at 12 months postoperatively.

PRO Data

PROs were collected preoperatively, at 3-month fol-
low-up, and at 12-month follow-up. The PROs collected
included the Neck Disability Index (NDI), numeric rat-
ing scale for neck pain (NRS-NP), numeric rating scale
for arm pain (NRS-AP), EuroQol-5 Dimensions (EQ-
5D), EuroQol visual analog scale (EQ-VAS), and North
American Spine Society (NASS) patient satisfaction in-
dex.

The NDI is assessed as a value of 0-50 based on 10
questions scored using a 6-point Likert scale. The NDI
represents how a patient’s neck pain affects their ability
to manage in everyday life, with a greater score indicating
more severe disability."*

NRS-NP is assessed on a scale of 0—10 reflecting the
patient’s subjective experience of neck pain, with a greater
score indicating a higher level of pain. Similarly, NRS-AP
is given as a score of 0—10 based on the patient’s perceived
level of arm pain.!s

The EQ-5D score is a measurement of the patient’s
overall health state based on the following five dimen-
sions: mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression. Each dimension is scored from 1
to 3. A score is then calculated from the EQ-5D to rep-
resent the patient’s state of health, which can range from
scores < 0 (worse than death) to 1 (full health).!!”

EQ-VAS is a score of 0-100 given directly by the pa-
tient as a representation of their overall health-related
QOL, with 100 being the best quality possible and O being
the worst quality possible.!>!

The NASS patient satisfaction index is measured on a
scale of 1-4, with scores of 1 and 2 being considered sat-
isfied and scores of 3 and 4 being considered unsatisfied
with the procedure outcome.

Statistical Analyses

All data were securely collected and managed using
REDCap (Research Electronic Data Capture). Univariate
analyses were performed to compare baseline and out-
come variables between the ACF and PCF cohorts and
assess significant differences. Continuous variables were
summarized as means and standard deviations and com-
pared using the independent samples t-test. Categorical
variables were presented as counts and percentage of the
overall cohort and compared using Pearson’s chi-square
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test or Fisher’s exact test, where appropriate. Multivariate
logistic regression analyses were used to assess indepen-
dent predictors of dysphagia. All baseline demographic
and clinical variables with a p value < 0.2 were used in the
analysis. Anterior approach with a reference of posterior
approach was also analyzed in the multivariate analysis
separately. All analyses were performed using R Statis-
tical Software (R Foundation for Statistical Computing,
version 4.1.3). The p values were two-tailed, and statisti-
cal significance was assumed when a p value < 0.05 was
observed.

Results

A total of 132 patients were identified who met the in-
clusion criteria, 77 of whom had an ACF and 55 who had
a PCF. Of these, 119 (90.2%) had a 3-month follow-up
response and 94 (71.2%) had a 12-month follow-up re-
sponse.

Demographics

Patients who underwent ACF did not differ signifi-
cantly from those who underwent PCF in terms of body
mass index, tobacco use, race, ethnicity, or level of educa-
tion. There was a significant difference in age between the
two cohorts, with the ACF group having a younger mean
age (58.78 + 9.46 vs 64.54 + 11.01 years, respectively; p
< 0.01). Due to this age difference, expected differences
in insurance status, medical comorbidities such as coro-
nary artery disease, and employment were seen between
the ACF and PCF groups. These results and other demo-
graphic characteristics can be seen in Table 1.

Baseline Clinical and Surgical Characteristics

Consistent with their younger age, patients within the
ACF cohorts had a lower percentage of American Soci-
ety of Anesthesiologists (ASA) grade III or IV than the
PCF cohort (57.1% vs 81.8%, respectively; p < 0.01). The
ACF group also had fewer revision surgeries (14.3% vs
36.4%, p < 0.01); more radiculopathy as a surgical indica-
tion (72.7% vs 29.1%, p < 0.01); and higher rates of in-
dependent ambulation preoperatively (92.2% vs 67.3%, p
< 0.01). Furthermore, the ACF group had higher rates of
preoperative neck pain symptoms (83.1% vs 61.8%, p <
0.01). Additionally, the ACF cohort had fewer levels fused
during their operation (3.10 + 0.31 vs 545 + 1.56, p < 0.01)
(Table 2).

Dysphagia Comparison by Approach

At baseline, 3-month follow-up, and 12-month follow-
up, the mean EAT-10 scores were similar between the
ACF and PCF cohort. The average increase in EAT-10
score from baseline was also similar between the ACF
and PCF groups at both 3-month and 12-month follow-up.
There were similar percentages of patients with dysphagia
at baseline, 3-month follow-up, and 12-month follow-up
between the ACF and PCF cohorts. Notably, the baseline
dysphagia rate was 13.0% for the ACF group and 18.2%
for the PCF group. When excluding patients with preop-
erative dysphagia from follow-up analysis, similar rates of

630 J Neurosurg Spine Volume 41 + November 2024

Brought to you by CCSS/BINASSS - DEPARTMENTO ADQ | Unauthenticated | Downloaded 11/13/24 06:

TABLE 1. Demographic characteristics in 132 patients who
underwent cervical fusion surgery

Characteristic ACF,n=77 PCF,n=55 p Value

Age 5878 +9.46 64.54+11.01 <0.01
BMI 32.01+5.94 30.86+7.54 0.3
Female sex 48 (62.3%) 22 (40.0%) 0.01
Payer status 0.04

Medicare 22 (28.6%) 25 (45.5%)

Medicare Advantage 5 (6.5%) 8 (14.5%)

Medicaid 1(1.3%) 0 (0%)

State specific, 7(9.1%) 1(1.8%)

non-Medicaid

Private/other 42 (54.5%)  21(38.2%)
Current tobacco use 14 (18.2%)  12(21.8%) 0.6

Former tobacco use 21 (27.3%) 13 (23.6%) 0.6

Comorbidities
Diabetes 13 (16.9%) 15 (27.3%) 0.2
Coronary artery disease 9 (11.7%) 15 (27.3%) 0.02
Peripheral vascular 1(1.3%) 0 (0%) >0.99
disease
Anxiety disorder 23(29.9%) 17 (30.9%) 0.9
Depression 22(28.6%)  18(32.7%) 0.6
Arthritis of major joint 29 (37.7%) 20 (36.4%) 0.9
Chronic renal disease 0 (0%) 0 (0%) >0.99
Chronic pulmonary 10 (13.0%) 9 (16.4%) 0.6
disease
Osteoporosis 3 (3.9%) 1(1.8%) 0.6
Parkinson disease 0 (0%) 0 (0%) >0.99
Multiple sclerosis 1(1.3%) 0(0%) >0.99
Hispanic ethnicity 0 (0%) 1(1.8%) >0.99
Race
Asian 1(1.3%) 0 (0%) >0.99
American Indian 0 (0%) 1(1.8%) >0.99
Black or African American 8 (10.4%) 6 (10.9%) 0.9
White 67 (87.0%) 47 (85.5%) 0.8
=2 races 1(1.3%) 0 (0%) >0.99
24 yrs of college 18 (23.4%) 16 (29.1%) 0.5
Use of workers’ compensa- 1(1.3%) 0 (0%) >0.99
tion
Liability & disability claim 5 (6.5%) 3 (5.5%) >0.99
Employed or employed on 42 (54.5%) 13 (23.6%)  <0.01
leave

BMI = body mass index.
Unless otherwise indicated, values are expressed as the number of patients
(%) or the mean + SD. Boldface type indicates statistical significance.

dysphagia were still seen. The mean EAT-10 scores and
dysphagia rates are summarized in Table 3.

A subgroup analysis was performed in patients with
three-level ACF to see if there was a difference in dys-
phagia by segments fused. Eight of 13 patients (61.5%)
who underwent fusion from C3 to C6 had dysphagia
at 12-month follow-up compared with 9 of 31 patients
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TABLE 2. Baseline clinical characteristics in 132 patients who
underwent cervical fusion surgery

Characteristic ACF,n=77 PCF,n=55 pValue
Revision 11(14.3%) 20 (36.4%)  <0.01
ASA grade <0.01

I 33(42.9%) 10 (18.2%)

v 44 (571%) 45 (81.8%)
Indications for surgery

Radiculopathy 56 (72.7%) 16 (29.1%) <0.01

Myelopathy 44 (571%) 44 (80.0%)  <0.01

Neck pain from instability 7(9.1%) 3 (5.5%) 0.5
Structural pathology

Disc herniation 22 (28.6%) 9 (16.4%) 0.1

Spondylosis/disc space 1(1.3%) 1(1.8%) >0.99
collapse

Stenosis 76 (98.7%) 52 (94.5%) 0.3

Pseudarthrosis 0 (0%) 4 (7.3%) 0.028
Adjacent-segment disease 7 (9.1%) 11 (20.0%) 0.07
Primary Sxs

Neck pain 64 (83.1%) 34 (61.8%) <0.01

Arm pain 59 (76.6%) 25(45.5%)  <0.01

Myelopathy 42 (54.5%) 42 (76.4%) 0.01

Motor weakness 28 (36.4%) 18 (32.7%) 0.7
Location of pain <0.01

Arm 16 (20.8%) 7 (12.7%)

Neck 14 (18.2%) 15 (27.3%)

Arm = neck pain 43(55.8%) 19 (34.5%)

No pain 4 (5.2%) 14 (25.5%)
Motor deficits 36 (46.8%) 33 (60.0%) 041
Independent ambulation 71(92.2%) 37 (67.3%) <0.01
Listhesis or dynamic instability 20 (26.0%) 19 (34.5%) 0.3
Anticoagulant use 22 (28.6%) 24 (43.6%) 0.07
Opioid/narcotic pain medica- 25 (32.5%) 12 (21.8%) 0.2
tion use
Mean no. of levels fused 310+£0.31 545+156  <0.01

Sxs = symptoms.
Unless otherwise indicated, values are expressed as the number of patients
(%) or the mean + SD. Boldface type indicates statistical significance.

(29.0%) receiving fusion from C4 to C7 (p = 0.04). A sub-
group analysis by age was also performed and showed
no differences in dysphagia rates or mean EAT-10 scores
when using age cutoffs of 55, 60, or 65 years for the ACF
and PCF cohorts. Six patients in the ACF and 5 in the PCF
group who had no dysphagia at 3 months developed the
disorder at 12 months.

PRO Comparison by Approach

At baseline, all PROs were similar between the ACF
and PCF groups, with the exception of NRS-AP, which
was higher for the ACF than for the PCF group (6.13 +
3.10 vs 4.82 + 3.16, respectively; p = 0.02). As such, when
considering change from baseline, there was a significant-
ly larger improvement in NRS-AP seen in the ACF group
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at 3-month follow-up (-4.06 + 3.31 vs —=2.08 + 3.77; p <
0.01). In addition, NDI was higher for the PCF group at 3
months (10.55 + 6.24 for ACP vs 13.67 + 9.49 for PCF, p
=0.03). Consequently, there was also less improvement in
NDI from baseline seen in the PCF group (-10.39 + 8.37
for ACP vs —5.94 + 9.02 for PCP; p < 0.01). However, at 12
months, NDI was not significantly different between the
two groups and there were similar improvements in NDI
from baseline. NRS-NP, EQ-5D, and EQ-VAS all showed
similar values between the two cohorts at baseline and
follow-up intervals. NASS satisfaction scores were also
similar between the groups at both follow-up times, and
showed that a large majority of patients were satisfied with
their procedure from either approach (Table 3).

PROs by Dysphagia Outcome

All PROs for patients in the ACF group with and
without dysphagia were similar at baseline, 3-month and
12-month follow-up. At 3 months, NDI score was signifi-
cantly higher for those with dysphagia compared to those
without (12.27 + 6.54 vs 9.29 + 5.76; p < 0.05). Patients
in the ACF group who had dysphagia at 3 months also
had worse NRS-AP scores (2.70 + 2.81 vs 1.24 + 195,
p = 0.01); less improvement in NRS-AP (-3.07 + 3.13 vs
—4.78 + 3.28, p = 0.03); worse EQ-5D scores (0.71 + 0.16
vs 0.79 + 0.14, p = 0.03); and less improvement in EQ-5D
(0.17£0.22 vs 0.29 + 0.21, p = 0.02) compared with those
who did not develop dysphagia (Table 4). At 12 months,
patients in the ACF group who had dysphagia had worse
NRS-NP scores (4.43 +2.89 vs 2.69 +2.88, p = 0.04); less
improvement in NRS-NP (-1.81 + 2.87 vs =3.66 + 3.06, p
=0.03); and worsened NASS satisfaction scores (81.0% vs
100%; p = 0.02) (Table 5). The entire PRO comparison for
patients in the ACF group with and without dysphagia can
be found in Tables 4 and 5.

For patients who underwent PCF, all baseline PROs
were similar between patients who had dysphagia and
those who did not at 3 and 12 months, with the one excep-
tion of a higher baseline NDI in patients who developed
dysphagia at 3 months (24.53 + 8.28 vs 16.90 + 9.51, p
= 0.01). At 3 months, patients in the PCF group who had
dysphagia had a worse NDI (17.47 + 9.39 vs 11.58 + 9.03,
p = 0.04); worse NRS-NP scores (4.29 + 2.85 vs 2.61 +
2.20, p = 0.03); and worse NRS-AP scores (3.82 + 2.65
vs 2.13 £ 2.49, p = 0.03) compared to those who did not
develop dysphagia (Table 4). At 12 months, patients in the
PCF group who had dysphagia had a worse NDI (12.82 +
6.62 vs 746 + 6.86, p = 0.02) (Table 5). The entire PRO
comparison for patients with and without dysphagia after
PCF can be found in Tables 4 and 5.

PRO comparisons were reproduced after excluding pa-
tients with baseline dysphagia. At 3 months, patients with
dysphagia following ACF had worse EQ-5D scores (0.71
+0.15 vs 0.80 £ 0.14, p = 0.03). Patients with dysphagia at
3 months following PCF had worse NDI at baseline (25.33
+7.87 vs 16.47 £ 9.35, p = 0.01) and worse NRS-AP scores
at 3-month follow-up (4.11 £ 2.32 vs 2.03 £ 2.47, p = 0.03)
(Table 6). All other results for the PRO comparison after
excluding patients with baseline dysphagia showed no sta-
tistical differences. These results are shown in Tables 6
and 7.
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TABLE 3. Dysphagia and PRO comparison by surgical approach in patients who underwent cervical fusion surgery

Characteristic ACF PCF p Value
EAT-10
Baseline 2.08+6.27 (n=77) 2.76 £ 6.78 (n = 55) 0.6
3 mos 456+£722(n=T71) 4.38 £7.58 (n = 48) 0.9
3-mo change 275+8.86 (n=71) 1.33+£5.61(n=48) 0.3
12 mos 4,92 £6.84 (n=53) 4.49+6.63 (n=41) 0.8
12-mo change 2.55+799 (n=53) 1.63 £5.49 (n=41) 0.5
Dysphagia, EAT-10 =3
Baseline 10/77 (13.0%) 10/55 (18.2%) 0.4
3 mos 30/71 (42.3%) 17148 (35.4%) 0.5
3-mo new onset 25/63 (39.7%) 9/39 (23.1%) 0.08
12 mos 21/53 (39.6%) 17/41 (41.5%) 0.9
12-mo new onset 15/46 (32.6%) 11/34 (32.4%) >0.99
NDI
Baseline 20.78 £9.77 19.89 £9.97 0.6
3 mos 10.55 + 6.24 13.67 £9.49 0.03
3-mo change from baseline -10.39 £ 8.37 -5.94+9.02 <0.01
12 mos 919792 9.68 +7.19 0.8
12-mo change from baseline -11.65 £ 9.60 -8.02+8.21 0.06
NRS-NP
Baseline 6.13+£2.83 593+297 0.7
3 mos 270+£243 3.21+255 0.3
3-mo change from baseline -3.51+£287 -2.58 £2.99 0.09
12 mos 3.31+£2.99 2.80+2.67 0.4
12-mo change from baseline -3.02+3.15 -2.59 £ 3.87 0.5
NRS-AP
Baseline 6.13+3.10 4.82+3.16 0.02
3 mos 1.86 £2.44 2.73+£2.65 0.07
3-mo change from baseline -4.06 £ 3.31 -2.08 £3.77 <0.01
12 mos 2.07 +3.06 210+2.85 >0.99
12-mo change from baseline -3.76 £ 3.56 -2.37£4.00 0.08
EQ-5D
Baseline 0.51+0.22 0.51+0.24 >0.99
3 mos 0.76 £0.15 0.71£0.16 0.09
3-mo change from baseline 0.24 +0.22 019+0.24 0.2
12 mos 0.77 £0.18 0.71+£0.19 0.1
12-mo change from baseline 0.24+0.20 018 +£0.26 0.3
EQ-VAS
Baseline 63.35 + 17.87 65.53 + 14.65 0.5
3 mos 70.72 + 16.74 68.44 + 14.15 0.4
3-mo change from baseline 6.87 +18.38 1.48 £ 17.99 0.1
12 mos 65.55 + 20.58 71.80 + 18.72 0.1
12-mo change from baseline 149 £ 15.95 6.76 + 22.64 0.2
NASS satisfaction score at 3 mos 0.4
1/2, satisfied 68 (95.8%) 44 (91.7%)
3/4, unsatisfied 3(4.2%) 4 (8.3%)
NASS satisfaction score at 12 mos 0.6
1/2, satisfied 49 (92.5%) 36 (87.8%)
3/4, unsatisfied 4 (7.5%) 5(12.2%)

The new-onset categories have excluded patients with baseline dysphagia. Unless otherwise indicated, values are expressed as the number of
patients (%) or the mean score + SD. Boldface type indicates statistical significance.

632 J Neurosurg Spine Volume 41 + November 2024

Brought to you by CCSS/BINASSS - DEPARTMENTO ADQ | Unauthenticated | Downloaded 11/13/24 06:43 PM UTC



Visconti et al.

TABLE 4. The 3-month PRO comparison stratified by clinical dysphagia at 3-month follow-up, by surgical approach
ACF,n=T71 PCF, n=48

Characteristic Dysphagia,n=30 No Dysphagia,n=41 pValue Dysphagia,n=17 No Dysphagia,n=31 p Value

NDI

Baseline 2140+ 8.76 20.61+£9.95 0.7 24.53 +8.28 16.90 + 9.51 0.01

3 mos 12.27 £ 6.54 9.29+5.76 <0.05 17.47 £9.39 11.58 £9.03 0.04

3-mo change from baseline -913+£740 -11.32 £ 8.99 0.3 -7.06 £ 9.60 -532+8.79 0.5
NRS-NP

Baseline 6.47 +2.53 6.02 £2.87 0.5 6.71 £ 2.47 529+2.99 0.1

3 mos 313+2.54 2.39+£233 0.2 4.29+2.85 261220 0.03

3-mo change from baseline -3.33+2.70 -3.63+3.01 0.7 -2.41+3.26 -2.68 +£2.88 0.8
NRS-AP

Baseline 5.77 £3.27 6.02 + 3.00 0.7 5.41£3.06 448 £313 0.3

3 mos 2.70 +2.81 1.24 +£1.95 0.01 3.82+2.65 213+2.49 0.03

3-mo change from baseline -3.07+3.13 -4.78 +£3.28 0.03 -1.59+4.49 -2.35+3.36 0.5
EQ-5D

Baseline 0.54 £0.20 0.50 £0.23 0.4 047 £0.24 0.55+0.22 0.2

3 mos 0.71£0.16 079014 0.03 0.71£0.16 0.71+0.16 >0.99

3-mo change from baseline 017 +£0.22 0.29+0.21 0.02 0.24£0.24 015+£0.24 0.2
EQ-VAS

Baseline 62.83 £15.35 64.59 £ 19.22 0.7 65.29 + 14.73 67.87 £14.43 0.6

3 mos 67.83 £ 17.65 72.83 £15.92 0.2 67.35 + 11.61 69.03 + 15.51 0.7

3-mo change from baseline 5.00 £ 17.81 8.24 +18.89 0.5 2.06 +18.80 116 £ 17.84 0.9
NASS satisfaction score at 3 mos >0.99 0.6

1/2, satisfied 29 (96.7%) 39 (95.1%) 15 (88.2%) 29 (93.5%)

3/4, unsatisfied 1(3.3%) 2 (4.9%) 2 (11.8%) 2 (6.5%)

Unless otherwise indicated, values are expressed as the number of patients (%) or the mean score + SD. Boldface type indicates statistical significance.

Multivariate Analyses

At 3 months and 12 months, there were no significant
risk factors for the development of dysphagia. Anterior
surgical approach was not seen to be a significant risk fac-
tor for the development of dysphagia compared to poste-
rior fusion at 3 months (OR 1.40, 95% CI 0.95-2.07; p =
0.09) or 12 months (OR 1.63,95% CI10.97-2.72; p = 0.07),
although it did trend toward significance (Table 8).

Discussion

Dysphagia is a common occurrence following cervical
spinal fusion, and can negatively impact patient outcomes.
It remains poorly studied and the cause and risk factors
remain poorly understood. Rates of dysphagia following
cervical spinal fusion vary widely in the literature due to
differences in defining dysphagia and the tools used to
quantify it. The majority of previous studies investigate
dysphagia following anterior fusion approaches and few
studies investigate dysphagia after PCF. A recent review
of the literature on dysphagia following ACF found that
the incidence varied from 1.9% to 63.6%, with a mean of
19.4% (95% CI 9.6%—29.1%)."® Included in the review were
73 studies that used different dysphagia measures and fol-
low-up times, leading to a wide range of results. Dysphagia
rates following PCF range from 1.67% to 27%.571° Again,
each study used different follow-up times and methods of
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measuring dysphagia. Due to the variability and inconsis-
tency in measurements, understanding rates of dysphagia
following cervical spinal fusion and the risk factors in-
volved remain controversial.

In our study, EAT-10 was used as a measurement due
to its tested validity, excellent internal consistency, test—
retest reliability, and ease of collection.'"-'* Therefore, us-
ing EAT-10 as a measurement in this study strengthens the
likelihood of the observed results representing true dys-
phagia in the study groups. To our knowledge, this study is
the first to investigate long-term dysphagia following PCF
by using a validated, noninvasive clinical scoring system
as a measurement of dysphagia.

We found that 3 months after long-segment cervical
fusion, 39.7% of patients in the ACF group and 23.1% of
patients in the PCF group without preoperative dysphagia
had developed the disorder. Although this was not statis-
tically significant, there was a trend toward significance.
The difference in dysphagia rates at 3 months may be due
to anterior approach risks such as pharyngeal swelling
and esophageal manipulation. At 12 months, however,
the rates were nearly identical, with 32.6% of patients
who underwent ACF and 32.4% of those who received
PCF having developed new-onset dysphagia. At the
12-month time frame it is likely that symptoms resulting
from pharyngeal swelling and esophageal manipulation
have resolved, leading to the similarities in dysphagia
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TABLE 5. The 12-month PRO comparison stratified by clinical dysphagia at 12-month follow-up, by surgical approach
ACF,n=53 PCF, n=41

Characteristic Dysphagia,n=21 No Dysphagia,n=32 pValue Dysphagia,n=17 No Dysphagia,n=24 p Value

NDI

Baseline 21.86 +9.39 19.88 + 8.67 0.4 20.59 £9.07 15.67 £9.95 01

12 mos 11.76 £8.73 7.78 £ 7.00 0.07 12.82 £ 6.62 7.46 +6.86 0.02

12-mo change from baseline -10.10 £ 9.45 -12.09£9.34 0.5 -7.76 £ 8.02 -8.21+8.52 0.9
NRS-NP

Baseline 6.24 +£2.83 6.34 +2.52 0.9 553 +276 529 +3.30 0.8

12 mos 443 +2.89 2.69+2.88 0.04 3.71+£2.80 217 +£243 0.07

12-mo change from baseline -1.81+2.87 -3.66 + 3.06 0.03 -1.82 +3.88 -3.13+3.86 0.3
NRS-AP

Baseline 5.62 +3.29 5.88 £2.97 0.8 424 £3.44 463+3.16 0.7

12 mos 2.33+£3.65 1.97 £2.68 0.7 247 £3.37 1.83 £ 2.46 0.5

12-mo change from baseline -3.29+3.73 -3.91+3.40 0.5 -1.76 £5.12 -2.79 £ 3.04 04
EQ-5D

Baseline 0.56 + 0.20 0.51+0.22 0.4 0.47 £0.24 0.56 +0.22 0.2

12 mos 0.73+0.18 0.78+0.18 0.3 0.66 +0.16 0.74 £0.21 0.2

12-mo change from baseline 017 +£0.19 0.28 £0.20 0.06 019+£0.24 018 £0.27 0.9
EQ-VAS

Baseline 63.57 £ 15.26 64.38 £ 18.78 0.9 65.12 £ 13.07 65.00 + 15.46 >0.99

12 mos 67.33 + 18.34 64.38 £22.13 0.6 66.88 + 19.45 75.29 £ 17.78 0.2

12-mo change from baseline 3.76 £15.72 0.00 + 16.16 0.4 1.76 £ 23.31 10.29 + 21.96 0.2
NASS satisfaction score at 12 mos 0.02 0.6

1/2, satisfied 17 (81.0%) 32 (100%) 14 (82.4%) 22 (91.7%)

3/4, unsatisfied 4 (19.0%) 0(0.0%) 3 (17.6%) 2 (8.3%)

Unless otherwise indicated, values are expressed as the number of patients (%) or the mean score + SD. Boldface type indicates statistical significance.

rates seen in the anterior and posterior approach. These
results suggest that at 12 months postoperatively, struc-
tural fixation in the cervical spine that causes decreased
mobility and changes in cervical spinal alignment may
have a strong influence on the development of persistent
dysphagia, independently of surgical approach. During
swallowing, micromovements in the cervical spine can
help facilitate esophageal peristalsis and pharyngeal
muscle contraction. When a long-segment cervical fu-
sion is performed, there will be decreased mobility of
the neck as well as changes in alignment that may make
these movements more difficult to perform, possibly re-
sulting in dysphagia.

Our results for dysphagia rates following ACF are simi-
lar to those of other investigators who also used EAT-10 as
a measurement when studying dysphagia following ACDF.
Ohba et al. found that 25.5% of patients who underwent
ACDF had persistent dysphagia at 1-year follow-up.?’ Sim-
ilarly, Haller et al. found that 38% of patients who under-
went ACDF had clinically significant dysphagia at least 1
year postoperatively.?’ Due to a lack of prior research in
which validated measurements were used to study dyspha-
gia following PCF, our results of 23.1% of patients with
new-onset dysphagia at 3 months and 32.4% at 12 months
are novel. Although further studies are needed to better
define dysphagia rates after long-segment PCF, the preva-
lence seen in this study shows that this disorder should be
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viewed as a common adverse effect following long-seg-
ment PCF, similar to dysphagia following ACF.

Previous studies have cited performing fusion at higher
cervical levels, including those at C4 and above, as a risk
factor for the development of dysphagia.??>->> A subanalysis
with our study data showed that when comparing patients
with 3-level ACF, 61.5% of those who underwent fusion
from C3 to C6 had dysphagia at 12-month follow-up com-
pared to 29.0% of patients in whom fusion was performed
at C4-7. Due to the sparsity of research involving dyspha-
gia following PCEF, risk factors specific to this approach
are not well understood.

In a multivariate analysis, we did not find any signif-
icant risk factors for dysphagia at 3 or 12 months. This
finding may be due to the small sample size rather than
the risk factors not being present. In other studies, one of
the most commonly cited risk factors is number of surgi-
cal levels fused.3*!13:23:2426-31 More spinal levels being fused
leads to a greater restriction of motion in the cervical spine
that can make swallowing more difficult. Given that only
long-segment cervical fusions were considered in this
study, differences between dysphagia rates of patients in
our study were more minimal.

Due to differences in indications for anterior versus pos-
terior fusion, there was variability seen in baseline demo-
graphic and clinical characteristics between the two cohorts.
However, these differences are to be expected because our
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TABLE 6. The 3-month PRO comparison stratified by new-onset clinical dysphagia at 3-month follow-up, by surgical approach
ACF,n =63 PCF, n=39

Characteristic Dysphagia, n=25 No Dysphagia,n=38 pValue  Dysphagia,n=9 No Dysphagia,n=30 p Value

NDI

Baseline 2116 £9.40 20.45+10.29 0.8 25.33 £7.87 16.47 £9.35 0.01

3 mos M.72£6.77 9.39+5.91 0.2 16.67 +8.70 11.07 £ 8.71 0.1

3-mo change from baseline -9.44 775 -11.05+9.23 0.5 -8.67 £ 9.06 -540+8.93 0.3
NRS-NP

Baseline 6.20 £2.63 6.13 £2.93 0.9 6.33+1.50 5.20 £ 3.00 0.3

3 mos 3.00 +2.69 247 %235 0.4 4.00 £2.40 243+1.99 0.06

3-mo change from baseline -3.20+£2.92 -3.66+3.11 0.6 -2.33+2.00 -2.77+2.88 0.7
NRS-AP

Baseline 5.56 + 3.42 6.00 £ 3.07 0.6 4.44 £3.09 4.37+31 0.9

3 mos 240277 1.34 £1.99 0.08 411+£232 2.03 £2.47 0.03

3-mo change from baseline -3.16+2.90 -4.66 + 3.34 0.07 -0.33+4.77 -2.33+3.42 0.2
EQ-5D

Baseline 0.52+0.19 0.50+0.23 0.7 0.42+0.23 0.56 +0.22 01

3 mos 0.71+0.15 0.80 £0.14 0.03 0.70+0.10 0.71+0.16 0.9

3-mo change from baseline 019+£0.22 0.29+0.21 0.06 0.28 £0.23 015£0.24 0.2
EQ-VAS

Baseline 62.20 £ 14.73 64.42 + 19.66 0.6 66.11 £10.24 67.97 £14.67 0.7

3 mos 66.00 + 17.26 72.92 £ 15.87 01 70.00 £ 11.46 69.67 + 15.37 >0.99

3-mo change from baseline 3.80 + 18.83 8.50 + 19.59 0.3 3.89 £ 16.16 1.70 £ 17.88 0.7
NASS satisfaction score at 3 mos >0.99 0.2

1/2, satisfied 24 (96.0%) 37 (97.4%) 7 (77.8%) 28 (93.3%)

3/4, unsatisfied 1(4.0%) 1(2.6%) 2 (22.2%) 2 (6.7%)

Unless otherwise indicated, values are expressed as the number of patients (%) or the mean score + SD. Boldface type indicates statistical significance.

population is representative of a real-world cohort for the
two approaches. As such, patients who underwent PCF were
older and had more myelopathy, leading to the larger pos-
terior fusion, whereas the ACF cohort had more neck pain
and radiculopathy. Similarly, differences in PROs between
cohorts such as higher baseline values and improvement in
NRS-AP in patients who underwent ACF may be explained
by the greater levels of radiculopathy in that cohort.

Although our ACF and PCF cohorts were representa-
tive of patient demographics seen for each procedure, the
significant age difference between the two cohorts may
represent selection bias within the study. Most previous
studies have suggested that older age is a risk factor for
dysphagia.’-20-22:25:2731 Conversely, some other studies found
that younger age was associated with increased risk for
developing dysphagia.'*** We performed a subgroup anal-
ysis based on age for both the ACF and PCF groups and
found no significant differences in dysphagia rate or EAT-
10 scores between younger and older patients when using
ages 55, 60, or 65 years as cutoffs. However, the sample
size for this subgroup analysis may limit the conclusions.
Despite this, the significant difference in age between the
ACF and PCF cohorts still may represent selection bias
and may have an influence on the results.

An interesting result from this study was the magni-
tude of baseline dysphagia that was seen in both cohorts.
Although dysphagia is a well-known and common ad-
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verse effect following cervical fusion, patients are rarely
screened for it prior to undergoing cervical spinal surgery.?
If dysphagia is considered, it often is asked in the form of
an absolute yes or no. However, patients with more mild or
atypical dysphagia symptoms may not say yes to this ques-
tion. This emphasizes the importance of screening for dys-
phagia preoperatively with a validated scoring system—
such as EAT-10—that asks more specific and diverse ques-
tions to help classify dysphagia. Another notable finding
was that 6 patients who received ACF and 5 who received
PCF did not have dysphagia at 3 months, but developed
dysphagia by the 12-month follow-up. The reason for this
finding is difficult to elucidate in the current study. One
theory is that this may be due to increased rigidity of the
construct as bony fusion takes place over that time frame.

In addition to investigating dysphagia rates and risk fac-
tors, we examined the PROs of patients with dysphagia ver-
sus those without dysphagia. Riley et al. found that patients
with dysphagia at 3 months had a significantly higher self-
reported disability at subsequent assessments.’ Our results
showed that patients with dysphagia had significantly wors-
ened NDI scores after both ACF and PCF at 3 months and
after PCF at 12 months, with a trend toward significance for
patients in the ACF group at 12 months after surgery. This
demonstrates that patients with dysphagia following cervi-
cal fusion also have worsened self-reported disability due to
neck pain. We also saw increased neck pain at both follow-
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TABLE 7. The 12-month PRO comparison stratified by new-onset clinical dysphagia at 12-month follow-up, by surgical approach
ACF, n = 46 PCF, n =34

Characteristic Dysphagia, n=15 No Dysphagia,n=31 pValue  Dysphagia,n=11 No Dysphagia,n=23 p Value

NDI

Baseline 21.27 £10.81 19.90 £ 8.81 0.7 20.55+£9.74 15.04 £ 9.68 01

12 mos 9.93+9.65 7.61+7.05 0.4 12.55 + 7.51 7.30 £6.97 0.05

12-mo change from baseline -11.33+£10.94 -12.29£9.43 0.8 -8.00+£6.80 —7.74 £8.38 0.9
NRS-NP

Baseline 6.13 £3.04 6.29 £2.55 0.9 518 £2.52 5.09+3.22 0.9

12 mos 413+3.04 2.58 +2.86 0.1 4.00 £2.90 2.09+245 0.05

12-mo change from baseline -2.00 +3.02 -3.71£3.10 0.08 -118+£2.99 -3.00 £3.90 0.2
NRS-AP

Baseline 5.20 £3.57 5.81+£2.99 0.5 3.18+3.37 4.39 + 3.01 0.3

12 mos 2.67+3.98 2.03+2.70 0.5 3.18+3.54 1.91+248 0.2

12-mo change from baseline -2.53+3.94 -3.77 £3.37 0.3 0.00+4.88 -2.48 +2.68 0.07
EQ-5D

Baseline 0.58 +0.18 0.50 +0.22 0.2 0.43+0.23 0.56 +0.22 01

12 mos 0.79+0.16 0.78+0.18 0.8 0.62+0.18 0.74 £0.22 01

12-mo change from baseline 0.21£0.20 0.28 £0.20 0.3 019+£0.23 018 £0.27 0.9
EQ-VAS

Baseline 64.33 £ 14.86 63.87 +18.87 0.9 64.73 +13.99 63.91+£14.84 0.9

12 mos 69.33 +20.08 63.55 + 21.99 0.4 71.36 + 12.06 74.65 + 17.89 0.6

12-mo change from baseline 5.00 £ 17.42 -0.32 £ 16.33 0.3 6.64 £12.31 10.74 + 22.34 0.6
NASS satisfaction score at 12 mos 0.1 >0.99

1/2, satisfied 13 (86.7%) 31 (100%) 10 (90.9%) 21 (91.3%)

3/4, unsatisfied 2 (13.3%) 0(0.0%) 1(9.1%) 2(8.7%)

Unless otherwise indicated, values are expressed as the number of patients (%) or the mean score + SD. Boldface type indicates statistical significance.

up times and increased arm pain at 3 months for patients
with dysphagia compared to those without the disorder,
which was either statistically significant or trending toward
significance. This is likely to also represent the worsened
pathology and/or greater perception of symptoms associ-
ated with dysphagia. Despite the negative impact of dyspha-
gia on patient outcomes, > 80% of patients with dysphagia
still reported satisfaction with the results of their surgery.

Although the only statistically significant EQ-5D dif-
ference seen between patients with dysphagia versus those
without the disorder was for patients in the ACF group at
3 months, there were also notably lower EQ-5D scores
at 12 months seen after both ACF and PCF procedures
in patients who had dysphagia; however, those were not
statistically significant. When investigating responses to
the EQ-5D questionnaire in patients who had dysphagia,
the most common categories leading to lower scores were
usual activities and pain/discomfort, which can probably
be attributed to their cervical pathology and dysphagia as
well as to the impact that has on their ability to maintain
the activities they enjoy. It is also possible that the psycho-
logical burden due to dysphagia along with their physical
condition may lead to the patients’ perception that their
QOL and medical condition are worse.

The limitations of this study include its retrospective
design. Whereas all data presented herein were collected
in prospective fashion, they were analyzed retrospectively.
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These data were also collected from a high-volume tertiary
care surgical practice. Accordingly, the data are more ap-
plicable to other high-volume specialty care surgical groups
that have similarly complex patient populations, with the
ancillary staff and resources needed for complex patient
care. These data therefore may not be generalizable to other
institutions with different surgeons and patient demograph-
ics. Nonetheless, we have incorporated clinical and surgical
characteristics into the logistic regression model in order to
ensure that they did not confound our findings. In this study,
radiographs were not reviewed for alignment parameters
that may contribute to difficulty swallowing. Another limi-
tation is the 25.4% of patients in the ACF group and 14.6%
of those in the PCF cohort were lost to follow-up between
the 3- and 12-month follow-up evaluations. This is likely
to be a source of selection bias given that patients who do
well after surgery may be less likely to attend follow-up ap-
pointments compared to those who have ongoing neck pain
or other issues. Regardless, future prospective, multiinstitu-
tional studies are needed to validate these findings.

Conclusions

This study is the first to investigate and compare dys-
phagia following ACF and PCF by using a validated,
noninvasive clinical scoring system as a measurement of
dysphagia. Similar rates and severity of dysphagia were
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TABLE 8. Logistic regression analysis for predictors of dysphagia at 3-month and 12-month follow-up

3 Mos 12 Mos
Characteristic Beta (95% Cl) OR (95% ClI) p Value Beta (95% Cl) OR (95% ClI) p Value

Age 0.00 (-0.02 to 0.01) 0.6 0.01 (-0.02 to 0.03) 0.6
Female sex 1.04 (0.83 10 1.30) 0.7 1.22 (0.93 to 1.60) 0.2
Payer status—ref: private/other

Medicaid 0.65 (0.20 to 2.08) 0.5 2.03 (0.47 t0 9.02) 0.3

Medicare 1.10 (0.78 to 1.58) 0.6 0.85 (0.56 to 1.28) 0.5

Medicare Advantage 1.09 (0.70 to 1.70) 0.7 0.79 (0.45t0 1.39) 0.4

State-specific plan, non-Medicaid 1.18 (0.74 to 1.90) 0.5 0.80 (0.47 to 1.38) 0.4
Coronary artery disease 1.23 (0.94 t0 1.60) 01 1.05(0.77 to 1.45) 0.7
Employed or employed on leave 0.99(0.75t01.31)  >0.99 0.93 (0.66 to 1.31) 0.7
Revision surgery 0.86 (0.65 to 1.14) 0.3 1.00(0.71t01.42)  >0.99
ASA grade—ref: grade | or Il

lllor IV 1.17 (0.92 to 1.51) 0.2 0.93 (0.68 to 1.27) 0.6
Radiculopathy 0.89 (0.65 to 1.24) 0.5 0.82 (0.54 t0 1.23) 0.3
Myelopathy 113 (0.70 to 1.82) 0.6 0.88(0.38 t0 2.07) 0.8
Neck pain from instability 0.95 (0.61 to 1.49) 0.8 1.10 (0.65 to 1.84) 0.7
Pseudarthrosis 1.59 (0.89 10 2.72) 01 1.27 (0.53 t0 3.00) 0.6
Primary Sx

Neck pain 1.20 (0.83 10 1.72) 0.3 0.87 (0.55 to 1.36) 0.5

Arm pain 0.98 (0.66 to 1.46) 1.0 1.06 (0.63 to 1.78) 0.8

Myelopathy 1.01(0.60t0 1.70) ~ >0.99 1.05(0.43t02.56) >0.99
Predominant location of pain—ref:
arm pain

Neck = arm pain 0.92 (0.65 to 1.31) 0.7 1.17 (0.79 to 1.75) 0.4

Neck 0.68 (0.41t0 1.13) 01 1.07 (0.60 to 1.94) 0.8

None 0.79 (0.47 to 1.34) 0.4 0.97 (0.52t0 1.82)  >0.99
Independent ambulation 1.21 (0.86 to 1.70) 0.3 1.20 (0.83 t0 1.73) 0.3
No. of levels fused -0.04 (-0.12 t0 0.04) 0.3 0.06 (-0.04 to 0.15) 0.3
Surgical approach—ref: posterior

Anterior 1.40 (0.95 t0 2.07) 0.09 1.63 (0.97 t0 2.72) 0.07

seen following ACF and PCF at 3-month and 12-month
follow-up. This suggests that long-term dysphagia fol-
lowing cervical fusion surgery may be due to structural
changes from the fusion rather than surgical approach.
However, the ACF cohort was significantly younger, and
this may have partially accounted for the findings. PROs
were also compared for patients with dysphagia versus
those without dysphagia, and showed worsened outcomes
in some domains for patients who presented with dyspha-
gia at 3-month and 12-month follow-up. This suggests that
dysphagia may be associated with a decreased QOL after
cervical fusion.

Acknowledgments

We thank Heather Cero for her assistance with IRB submis-
sion, Rachel Sickmeier for data extraction, and Kathy Flint for
assistance with submission.

References

1. Kato S, Fehlings M. Degenerative cervical myelopathy. Curr
Rev Musculoskelet Med. 2016;9(3):263-271.

. Zhu B, Xu Y, Liu X, Liu Z, Dang G. Anterior approach ver-

sus posterior approach for the treatment of multilevel cervical
spondylotic myelopathy: a systemic review and meta-analy-
sis. Eur Spine J. 2013;22(7):1583-1593.

. Riley LH III, Skolasky RL, Albert TJ, Vaccaro AR, Heller

JG. Dysphagia after anterior cervical decompression and
fusion: prevalence and risk factors from a longitudinal cohort
study. Spine (Phila Pa 1976).2005;30(22):2564-2569.

. Liu FY, Yang DL, Huang WZ, et al. Risk factors for dyspha-

gia after anterior cervical spine surgery: a meta-analysis.
Medicine (Baltimore). 2017;96(10):¢6267.

. Mendoza-Lattes S, Clifford K, Bartelt R, Stewart J, Clark

CR, Boezaart AP. Dysphagia following anterior cervical ar-
throdesis is associated with continuous, strong retraction of
the esophagus. J Bone Joint Surg Am. 2008;90(2):256-263.

. Radcliff KE, Koyonos L, Clyde C, et al. What is the inci-

dence of dysphagia after posterior cervical surgery? Spine
(Phila Pa 1976).2013;38(13):1082-1088.

. 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: com-
parison of anterior cervical, posterior cervical, and lumbar
procedures. Spine (Phila Pa 1976). 2004;29(13):1441-1446.

. Alentado VJ, Bisson EF, Potts EA. Dysphagia after cervical

J Neurosurg Spine Volume 41 + November 2024 637

Brought to you by CCSS/BINASSS - DEPARTMENTO ADQ | Unauthenticated | Downloaded 11/13/24 06:43 PM UTC



Visconti et al.

10.

11.

13.

14.
15.

16.

18.

19.

20.

21.

22.

23.

24.

638

spine surgery: a review of risk factors and preventative mea-
sures. J Neurosurg Spine. 2022;38(3):382-388.

. Bazaz R, Lee MJ, Yoo JU. Incidence of dysphagia after ante-

rior cervical spine surgery: a prospective study. Spine (Phila
Pa 1976).2002;27(22):2453-2458.

Skeppholm M, Ingebro C, Engstrom T, Olerud C. The Dys-
phagia Short Questionnaire: an instrument for evaluation of
dysphagia: a validation study with 12 months’ follow-up after
anterior cervical spine surgery. Spine (Phila Pa 1976). 2012;
37(11):996-1002.

Belafsky PC, Mouadeb DA, Rees CJ, et al. Validity and reli-
ability of the Eating Assessment Tool (EAT-10). Ann Otol
Rhinol Laryngol. 2008;117(12):919-924.

. Nijim W, Cowart JH, Banerjee C, Postma G, Paré M. Evalu-

ation of outcome measures for post-operative dysphagia after
anterior cervical discectomy and fusion. Eur Arch Otorhino-
laryngol. 2023;280(11):4793-4801.

Yew AY, Nguyen MT, Hsu WK, Patel AA. Quantitative risk
factor analysis of postoperative dysphagia after anterior
cervical discectomy and fusion (ACDF) using the Eating
Assessment Tool-10 (EAT-10). Spine (Phila Pa 1976).2019;
44(2):E82-E88.

Vernon H. The Neck Disability Index: state-of-the-art, 1991-
2008. J Manipulative Physiol Ther.2008;31(7):491-502.
Haefeli M, Elfering A. Pain assessment. Eur Spine J.2006;
15(Suppl 1):S17-S24.

Rabin R, de Charro F. EQ-5D: a measure of health status
from the EuroQol Group. Ann Med. 2001;33(5):337-343.

. EuroQol Group. EuroQol—a new facility for the measure-

ment of health-related quality of life. Health Policy. 1990;
16(3):199-208.

Tsalimas G, Evangelopoulos DS, Benetos IS, Pneumaticos S.
Dysphagia as a postoperative complication of anterior cervi-
cal discectomy and fusion. Cureus. 2022;14(7):¢26888.

Tian W, Yu J. The role of C2-C7 angle in the development of
dysphagia after anterior and posterior cervical spine surgery.
Clin Spine Surg.2017;30(9):E1306-E1314.

Ohba T, Hatsushika K, Ebata S, et al. Risk factors and assess-
ment using an endoscopic scoring system for early and per-
sistent dysphagia after anterior cervical decompression and
fusion surgery. Clin Spine Surg. 2020;33(4):E168-E173.
Haller L, Mehul Kharidia K, Bertelsen C, Wang J, O’Dell K.
Post-operative dysphagia in anterior cervical discectomy and
fusion. Ann Otol Rhinol Laryngol. 2022;131(3):289-294.
Wang T, Ma L, Yang DL, et al. Factors predicting dysphagia
after anterior cervical surgery: a multicenter retrospective
study for 2 years of follow-up. Medicine (Baltimore). 2017,
96(34):€7916.

Okano I, Salzmann SN, Ortiz Miller C, et al. Risk factors for
postoperative dysphagia and dysphonia following anterior
cervical spine surgery: a comprehensive study utilizing the
hospital for special surgery dysphagia and dysphonia inven-
tory (HSS-DDI). Spine J. 2021;21(7):1080-1088.

Kang SH, Kim DK, Seo KM, Kim KT, Kim YB. Multi-

level spinal fusion and postoperative prevertebral thickness
increase the risk of dysphagia after anterior cervical spine
surgery. J Clin Neurosci. 2011;18(10):1369-1373.

J Neurosurg Spine Volume 41 + November 2024

Brought to you by CCSS/BINASSS - DEPARTMENTO ADQ | Unauthenticated | Downloaded 11/13/24 06:43 PM UTC

25. Khaki F, Zusman NL, Nemecek AN, Ching AC, Hart RA,
Yoo JU. Postoperative prevertebral soft tissue swelling does
not affect the development of chronic dysphagia following
anterior cervical spine surgery. Spine (Phila Pa 1976). 2013;
38(9):E528-E532.

26. Rihn JA, Kane J, Albert TJ, Vaccaro AR, Hilibrand AS. What
is the incidence and severity of dysphagia after anterior cervi-
cal surgery? Clin Orthop Relat Res. 2011;469(3):658-665.

27. Kalb S, Reis MT, Cowperthwaite MC, et al. Dysphagia after
anterior cervical spine surgery: incidence and risk factors.
World Neurosurg. 2012;77(1):183-187.

28. Park JH, Lee SH, Kim ES, Eoh W. Analysis of postoperative
dysphagia after anterior cervical decompression and fusion.
Br J Neurosurg. 2020;34(4):457-462.

29. Lee MJ, Bazaz R, Furey CG, Yoo J. Risk factors for dyspha-
gia after anterior cervical spine surgery: a two-year prospec-
tive cohort study. Spine J. 2007;7(2):141-147.

30. Vaishnav AS, Saville P, McAnany S, et al. Is the likelihood
of dysphagia different in patients undergoing one-level versus
two-level anterior cervical discectomy and fusion? Spine J.
2020;20(5):737-744.

31. Singh K, Marquez-Lara A, Nandyala SV, Patel AA, Fineberg
SJ. Incidence and risk factors for dysphagia after anterior cer-
vical fusion. Spine (Phila Pa 1976).2013;38(21):1820-1825.

Disclosures

Dr. Potts reported royalties/consulting fees from Medtronic out-
side the submitted work.

Author Contributions

Conception and design: Potts, Visconti, Alentado. Acquisition

of data: Potts. Analysis and interpretation of data: all authors.
Drafting the article: Potts, Visconti, Alentado, Neher. Critically
revising the article: all authors. Reviewed submitted version of
manuscript: all authors. Approved the final version of the manu-
script on behalf of all authors: Potts. Statistical analysis: Visconti,
McFatridge. Administrative/technical/material support: Potts.
Study supervision: Potts, Visconti.

Supplemental Information
Previous Presentations

Oral presentation at Spine Summit, held in Las Vegas, NV, Feb-
ruary 21-22, 2024; oral presentation at Winter Clinics, held in
Aspen, CO, March 3-7,2024.

Correspondence

Eric A. Potts: Goodman Campbell Brain and Spine, Carmel, IN.
epotts@goodmancampbell.com.



