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Abstract

BACKGROUND: Post-operative dysphagia is one of the most common complications of anterior
cervical spine surgery (ACSS).

OBJECTIVE: Examine post-operative structural and physiologic swallowing changes in patients
with dysphagia following ACSS as compared with healthy age and gender matched controls.

METHODS: Videofluoroscopic swallow studies of adults with dysphagia after ACSS were
retrospectively reviewed. Seventy-five patients were divided into early (<2 months) and late

(> 2 months) post-surgical groups. Modified Barium Swallow Impairment Profile (MBSImP),
Penetration-Aspiration Scale (PAS) scores, and pharyngeal wall thickness (PWT) metrics were
compared.

RESULTS: Significant differences were identified for all parameters between the control and
early post-operative group. MBSImP Pharyngeal Total (PT) scores were greater in the early group
(Interquartile Range (IQR) = 9-14, median = 12) versus controls (4-7, 5, £< 0.001) and late
group (0.75-7.25, 2, < 0.001). The early group had significantly higher maximum PAS scores
(IQR = 3-8, median = 7) than both the control group (1-2, 1, £< 0.001) and late post-operative
group (1-1.25, 1, P< 0.001). PWT was significantly greater in the early (IQR = 11.12-17.33 mm,
median = 14.32 mm) and late groups (5.31-13.01, 9.15 mm) than controls (3.81-5.41, 4.68 mm, P
< 0.001).

CONCLUSION: Dysphagic complaints can persist more than two months following ACSS, but
often do not correlate with validated physiologic swallowing dysfunction on VFSS. Future studies
should focus on applications of newer technology to elucidate relevant deficits.
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Post-operative dysphagia is one of the most common complications of anterior cervical
spine surgery (ACSS) with a majority of patients (71%) reporting dysphagia symptoms
within 2 weeks of surgery (Rihn et al., 2011). Likely contributing factors include
prevertebral soft tissue swelling or altered sensation secondary to nerve traction during
surgery (Anderson & Arnold, 2013). Risk factors have been somewhat debated in the
literature, with numerous studies investigating possible correlations between post-ACSS
dysphagia and patient factors (i.e., age, gender, body mass index), surgical factors (i.e.,
operative time, use of instrumentation, highest level of surgery, number of levels, revision
versus primary surgery), as well as the presence of pre-operative dysphagia (Anderson &
Arnold, 2013; Liu et al., 2017; Frempong-Boadu et al., 2002; Kang et al., 2016). Specific
factors shown in the literature to be associated with increased risk of dysphagia include

a greater number of vertebral levels addressed surgically, female sex, increased operative
time and older age (>60 years) (Anderson & Arnold, 2013). Interestingly, intraoperative
nerve monitoring has not been shown to reduce the complication rates following ACSS
(Kilburg et al., 2006) and there is sparse literature on the effect of handedness of the
surgeon and differences between right versus left surgical approach (Beutler et al., 2001;
Badhiwala et al., 2019). Taken as a whole, however, these findings have proven to be
largely inconsistent across studies as a recent meta-analysis precluded any firm conclusions
regarding risk factors for post-operative ACSS dysphagia (Shriver et al., 2017). Therefore,
although post-operative dysphagia following ACSS is well-represented in the literature, the
underlying etiology of dysphagia following ACSS is poorly understood.

One potential reason contributing to the poor understanding of causal factors related to
postoperative dysphagia risk is the lack of an operational definition and standardized

method for determining the presence, severity, and nature of swallowing impairment, which
precludes performing more robust analysis (Shriver et al., 2017; Riley et al., 2010). For
example, current studies frequently utilize screening guestionnaires and patient-reported
outcome tools, most commonly the Bazaz dysphagia score (Bazaz et al., 2002) and the
EAT-10 tool (Belafsky et al., 2008), to identify and evaluate the patient’s perception of

the severity of their dysphagia (Riley et al., 2010; Rosenthal et al., 2016). Despite their
widespread use, these patient-reported questionnaires have more recently undergone scrutiny
of their psychometric properties, and thus, their clinical utility remains questionable (Shriver
etal., 2017; Wilmskoetter et al., 2019). Furthermore, asymptomatic dysphagia in this patient
population has been reported and patient-reported outcome measures do not adequately
capture the presence, nor the underlying nature of the swallowing impairment in order to
effectively inform treatment decisions (Kang et al., 2016). This results in the majority of

the post-ACSS dysphagia literature reporting little to no examination of the underlying
pathophysiologic impairments contributing to overt swallowing dysfunction experienced by
the patient (Muss et al., 2017).
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The videofluoroscopic swallow study (VFSS), also referred to as the modified barium
swallow study, is a comprehensive evaluation of oropharyngeal swallowing function
(Martin-Harris et al., 2008; Martin-Harris et al., 2000). The VFSS allows for real-time
radiographic imaging of bolus flow through the upper aerodigestive tract, which can provide
insight into the underlying physiologic manifestations of swallowing impairment that can
contribute to impaired airway safety and efficiency (Muss et al., 2017; Martin-Harris et al.,
2008; Martin-Harris et al., 2000). Despite these strengths, there are few studies that have
employed VFSS to analyze swallowing physiology in patients with dysphagia following
ACSS (Frempong-Boadu et al., 2002; Kang et al., 2016; Martin et al., 1997; Leonard &
Belafsky, 2011; Smith-Hammond et al., 2004). Although studies have contributed to our
current knowledge regarding abnormal swallowing physiology occurring post-operatively
and can guide clinical management, there are crucial limitations to consider. For example,
the limited VFSS reports available varied in their approach, including weight/solution

of barium administered, bolus consistency and volumes, and number of trials performed
during the procedure. Further, interpretation of swallowing performance varied as to
outcome measures reported, as well as the validity and reliability of such measures. The
purpose of this investigation was to examine changes in structural, physiologic, and airway
invasion swallowing measures in patients with dysphagia following ACSS. To account for
variations in swallow function that may occur between sexes and/or resulting from typical
aging alterations, each patient was age- and sex-matched with a healthy, non-dysphagic,
community-dwelling adult retrieved from an extensive normative database.

2. Methods
2.1. VFESS Selection

2.2.

This study was approved by our Institutional Review Board (Pro00067126) and conducted
to conform within the Code of Ethics of the World Medical Association (Declaration of
Helsinki). Eligible subjects were identified via electronic medical record review using
current procedure terminology codes 22561 and 92611 to cross reference patients who
underwent both ACSS and VFSS at our institution between January 1, 2010 and October 5,
2018. Medical records were then reviewed to ensure patients had new onset of subjective
complaints of dysphagia post-ACSS (e.g., food sticking, coughing during meals) prompting
a referral for VFSS. Studies were completed in both the inpatient and outpatient settings
using identical protocols. Only the initial VFSS ordered after onset of dysphagia symptoms
for each patient was evaluated so that no repeat studies were included in data analysis.
Patients with pre-existing documented dysphagic complaints, altered diets or gastric tube
placement were excluded. Once all VFSS records meeting this study inclusion criteria
were obtained, these patients were categorized into two groups based on the duration of
post-operative dysphagia. Patients in the “early” group presented for VFSS < 2 months
post-surgery while patients in the “late” group had dysphagia that persisted > 2 months
post-surgery.

Equipment and procedures

All VFSS recordings included in the study followed the Modified Barium Swallow
Impairment Profile (MBSImP™) protocol, which includes 12 swallow tasks, with 10
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swallow tasks captured in a lateral view and two in the anterior—posterior (AP) view.
Regions of visualization include the oral cavity, pharynx, larynx, and esophagus. Patients are
administered standardized, commercial preparations of barium contrast agents (VARIBAR®
barium sulfate 40% weight/volume; Bracco Diagnostics, Inc., Monroe Township, NJ) that
include thin (< 15 cps) barium (two trials of 5 ml via teaspoon, one cup sip [20 mL],

and sequential swallows from cup [40 mL]), nectar (150-450 cps) barium (one trial of 5

mL via teaspoon, one cup sip [20 mL], and sequential swallows from cup [40 mL]), thin
honey (800-1800 cps) barium (one trial of 5 ml via teaspoon), pudding (4500-7000 cps)
barium (one trial of 5 mL via teaspoon), and one-half portion of a shortbread cookie (Lorna
Doone, Nabisco, East Hanover, New Jersey, USA) coated with 3 mL pudding barium in the
lateral view (Martin-Harris et al., 2008). The 5 mL nectar and pudding tasks are repeated

in the AP viewing plane. Studies were obtained using continuous fluoroscopy and digital
recordings were made with a resolution of 60 fields (30 frames) per second. Two separate
videofluoroscopic recording devices (Digital Swallowing Workstation Model 7100, Kay
Elemetrics Corp, Lincoln Park, New Jersey, USA; TIMS DICOM SP 2000 System, TIMS
Medical, Chelmsford, Massachusetts, USA) were used for signal acquisition, digital storage,
and retrieval of the swallowing data.

2.3. Data collection and analysis

MBSImP (Martin-Harris et al., 2008; Martin-Harris et al., 2017) and Penetration Aspiration
Scale (PAS) (Rosenbek et al., 1996) scores were abstracted from speech-language
pathology (SLP) VFSS reports within the medical record. All SLPs complete standardized
MBSImP training and testing with a = 80% reliability pass rate and ongoing, quarterly
calibration training to ensure that = 80% reliability is maintained. The MBSImP tool
includes 17 components of swallowing physiology across three functional domains: oral
(Components 1-6), pharyngeal (Components 7-16), and esophageal (Component 17).
MBSImP components are scored on an ordinal scale from 0 (indicating no impairment) to
a maximum of 2, 3, or 4, depending on the specific component (Martin-Harris et al., 2008;
Martin-Harris et al., 2017). Higher scores indicate increasingly worse impairment. MBSImP
Overall Impression (Ol) scores, representing the worst (highest) score across all swallow
tasks as appropriate, were extracted for the 10 physiologic components included within

the pharyngeal domain: soft palate elevation, laryngeal elevation, anterior hyoid excursion,
epiglottic movement, laryngeal vestibular closure, pharyngeal stripping wave, pharyngeal
contraction, pharyngoesophageal segment opening, tongue base retraction and pharyngeal
residue. Ol scores were summed across all pharyngeal components according to MBSImP
procedural guidelines to derive a Pharyngeal Total (PT) score (Martin-Harris et al., 2017).

The presence, depth and patient response to airway invasion were evaluated using

the Penetration-Aspiration Scale (PAS), which is a validated, eight-point ordinal scale
(Rosenbek et al., 1996). A score of 1 represents the absence of airway invasion, and a
score of 8 represents an absent patient reaction (cough) to aspirated material (i.e. silent
aspiration). Based on previous literature examining PAS scores in healthy adults, scores of
3 and greater were considered impaired with 3-5 defined as penetration and scores 6-8 as
aspiration (Robbins et al., 1999). We extracted the highest (worst) PAS score (maxPAS)
across all swallow tasks in the lateral viewing plane for data analysis.
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Posterior pharyngeal wall thickness (PWT) was measured on a single rest frame from the
VFESS recording using /mageJ (National Institutes of Health, Bethesda, Maryland) using a
penny placed on the patient’s neck or known screw length from operative note as a reference
scalar. PWT measurements were made at the thickest point of the posterior pharyngeal wall
at the height of the base of the vallecula/epiglottis and at an angle perpendicular to the
cervical spine (i.e. the vertical axis formed by the anterior edges of the cervical vertebral
bodies) (Fig. 1). This site was selected for measurement because increased thickness of the
pharynx at this level is most likely to interfere with epiglottic inversion and subsequent
vallecular clearing (Leonard & Belafsky, 2011). Interrater reliability testing was completed
in a blinded fashion between two authors (RC and AQO) and analyzed with using Pearson’s
correlation coefficient.

Each eligible patient was then age- and sex-matched with a healthy, non-dysphagic,
community-dwelling adult derived from a large normative database housing of 195 adults,
ranging in age from 21 to 89 years.

All data analyses were performed by SigmaPlot 12.5 (Systat Software, Inc., San Jose, CA,
USA) and SPSS 25.0 (IBM Corporation). All continuous variables were tested for normal
distribution as determined by the Kolmogorov-Smirnov test. Categorical variables were
summarized by frequency, percentage, or range. Continuous variables were summarized by
mean (SD) or median (interquartile range) values where appropriate. For primary continuous
outcome measures (MBSImP Ol and PT scores, PAS scores, and PWT), comparisons among
groups (early patient group, late patient group, and controls) to determine if differences
existed between groups were conducted with a One-Way analysis of variance (ANOVA) or
Kruskal-Wallis test where appropriate and followed by post-hoc Tukey comparison tests.
Correlation and regression models were used to determine the relationship between the
independent variables (demographics) and dependent outcome variables (scores) but these
were not statistically significant due to lack of sample size. Power analyses at the probability
level of 0.05 were done for a correlation model where a sample size of 75 would yield
44.5% power, and multiple regression (medium effect size of 0.15) with four independent
predictors where a sample size of 75 would yield 21.2% power. A p-value of < 0.05 was
considered to indicate a statistically significant difference for all statistical tests.

3. Results

Seventy-five patients with new onset of dysphagic complaints following ACSS were
included in the study (Table 1). The mean age of the early postoperative group was 61.5
years (range = 21-82 years), with 40% (7= 23) comprised of females. The late post-
operative group had a mean age of 52.6 years (range = 29-69 years), with majority female
(61%, n=11). Therefore, the mean age of the early postoperative group was significantly
higher than the late group (£ = 0.01), although gender distribution was comparable between
groups (P=0.12). Most patients (76%, n=57) were within 2 months following surgery
(mean = 11.1 days, range = 1-60 days), while 18 patients (24%) were greater than 2
months post-surgery (mean = 340.5 days, range = 76 days—1119 days). The mean number
of vertebral levels involved in the early group was 2.1 (range = 1-4, C2-T1) and was 1.9 in
the late group (range = 1-3, C3-T1). The number of levels addressed during surgery did not
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vary significantly between groups (P = 0.43). Overall, significant differences were identified
for all evaluated parameters of interest (e.g., MBSImP PT scores, PAS scores, and PWT)
between control subjects and the early post-op group (Table 2).

3.1. MBSImP PT scores

MBSImP PT scores were significantly greater in the early postop group (IQR = 9-14,
median = 12) compared to the control group (4-7, 5, < 0.001) and late postop group
(0.75-7.25, 2, P<0.001). The difference in PT scores between the late postop group and
controls was not statistically significant (£ = 0.70). The frequency of MBSImP Ol scores
distributed across the pharyngeal domain were recorded (Table 3).

3.2. PAS scores

3.3. PWT

The median maxPAS score in the early postoperative group (n=57) was 7, with aspiration
(PAS > 6) observed in the majority of patients (60%; 7= 34). The median maxPAS score

in the late post-operative group (7= 18) was 1, with aspiration (PAS > 6) rarely observed
(5.6%; n=1). Penetration (PAS = 3-5) was also seen frequently in the early post-operative
group (19.3%; n=11) but was not observed in the late-post operative group. Thus, the
early postoperative group (IQR = 3-8, median = 7) had significantly higher maxPAS scores
than both the control group (1-2, 1, A< 0.001) and late postoperative group (1-1.25,

1, P<0.001). There was no significant difference in maxPAS scores between the late
post-operative group and controls (P = 1.00).

Median PWT was 4.68 mm in the control group (IQR = 3.81-5.41 mm), compared to 14.32
mm in the early post-operative group (11.12-17.33, £< 0.001) and 9.15 mm in the late
post-operative group (5.31-13.01, A< 0.001). PWT interrater reliability testing revealed
strong agreement with r=0.81 (95% confidence interval 0.393 to 0.956; 2= 0.004). There
was no significant decrease in PWT measurements between the late post-operative group
and the early post-operative group (P = 0.07). Regression analysis revealed the correlation
between days post-surgery and PWT to be r=-0.229 (£ = 0.056).

4. Discussion

The purpose of this investigation was to examine post-operative changes in structural,
physiologic, and airway invasion measures in patients with subjective dysphagia symptoms
at different timepoints following ACSS compared to healthy controls. We found that patients
in the early phase (<2 months) of recovery exhibited significant structural and physiologic
pharyngeal swallowing impairment as well as a higher incidence of bolus airway invasion
on VFSS as compared to healthy controls and patients in the late phase of recovery (>

2 months). Our findings agree with previous investigations that have revealed a decrease

in dysphagic symptoms within the first two months post-ACSS with most patients able to
return to normal diets shortly after (Leonard & Belafsky, 2011; Kang et al., 2011; Miles et
al., 2019; Yu & Tao, 2020).
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Several studies have attributed initial post-ACSS swallowing dysfunction to a variety of
etiologies with soft tissue edema being the most common (Leonard & Belafsky, 2011; Kang
etal., 2011; Yang et al., 2012; Min et al., 2016). It has been hypothesized that during the
acute recovery phase, the progressive decrease in swelling allows for more complete clearing
of the vallecular space and pyriform sinuses, ultimately resulting in resolution of symptoms.
However, we found that pharyngeal wall thickness in the late post-operative ACSS group
was nearly twice that of controls and this finding is consistent with the literature as well
(Muss et al., 2017; Leonard & Belafsky, 2011; Miles et al., 2019; Daggett et al., 2006; Khaki
et al., 2013). Since the late group displayed a wide range of days post-surgery (76-1119
days), correlational analysis was completed. There was a weak, although non-significant,
negative correlation between days post-surgery and PWT (r=-0.229; P=0.056). The
question remains at what timepoint PWT returns to baseline, if at all, which is beyond the
scope of this manuscript as we did not follow patients longitudinally over time. Nonetheless,
it is interesting, that our results revealed that chronic increased PWT was ot associated with
concurrent physiologic pharyngeal impairment to explain subjective dysphagia symptoms.

Although subjective complaints of dysphagia had resulted in referral for VFSS, the findings
on VFSS for late post-ACSS patients were not significantly different compared to healthy
controls. Kang et al. (2016) also found similar disagreement in a recent prospective study
exploring post-surgical dysphagia following ACSS. At four weeks post-surgery, 3 of 9
patients with subjective dysphagia symptoms had normal VVFSS results defined by absence
of pharyngeal residue, overt penetration, and aspiration. In contrast, they also found that
50% of patients who did not have dysphagia symptoms at four weeks post-ACSS had
abnormal VFSS results (Kang et al., 2016). This begs the question of the source of
subjective dysphagia symptoms and the accuracy of our standard assessments in late post-
ACSS patients. The differences could be related to subtle contractility deficits, sensory
impairments, or mechanical alterations in spinal movement during swallowing. Pre and
post-operative kinematic studies and high resolution pharyngeal manometry may be more
revealing to assess these changes that patients perceive but our gold standard assessments
fail to measure.

ACSS may also create neurogenic dysphagia by injury to the recurrent laryngeal

nerve (CN X), superior laryngeal nerve (CN X), glossopharyngeal nerve (CN IX) or
the pharyngeal plexus (CN X, CN 1X) but the majority of these are thought to be
traction injuries that should improve over time. With persistent neurologic injury, we
would expect to see impairment in delayed initiation of pharyngeal swallow (MBSImP
Component 6), pharyngeal stripping wave (Component 12), and pharyngeal contraction
(Component 13). However, due to limitation in sample size, we were unable to convert
total impairment PT scores from a continuous variable to a categorical variable to perform
logistic regression. This information may have helped inform us on which components
of pharyngeal dysfunction contributed most to pharyngeal dysfunction (i.e., impaired
pharyngeal contraction, delayed initiation of pharyngeal swallow, etc.).

Possible anatomic causes of post-ACSS dysphagia are often overlooked, including acute
surgically induced changes in spine orientation (e.g. straightening of the natural lordosis of
the cervical spine), loss of range of motion and/or presence of a potentially obstructive
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foreign body. These changes may alter the perception of swallowing physiology in a

way that traditional VFSS parameters cannot measure (Tian & Yu, 2013; Tian & Yu,

2017; Radcliff et al., 2016), leading to mismatch in subjective complaints versus objective
findings. Unpublished data from our institution has shown a high incidence of decreased
epiglottic inversion (Component 10) due to spinal hardware or osteophytic obstruction

at C2—C4 level. This is supported by another study of 24 patients using zero profile

devices for multi-level discectomy and fusion who exhibited the expected incidence of early
postoperative dysphagia but no subjective dysphagic complaints at > 6 months (Albanese et
al., 2017).

The limitations of our study include the retrospective nature, a relatively small sample

size, and an unequal distribution in the number of subjects among the early and late
postoperative groups. There was also a significant difference in age between the early

and late groups (mean = 61.5 vs. 52.6, respectively, P= 0.01), potentially limiting the
strength of our analyses comparing the two. Further, reliability for MBSImP and PAS scores
was not ascertained. However, all speech-language pathologists are required to maintain
MBSImP certification, which means that they have demonstrated initial >80% reliability and
undergo quarterly calibration training to ensure =80% reliability is maintained for scoring
the parameters evaluated in this study. Another potential limitation of our study was the
large range of days following ACSS surgery seen in the late group. The decision to a priori
dichotomize the groups at two months was based on previous studies that have utilized
similar metrics (Leonard & Belafsky, 2011; Miles et al., 2019). The study was also limited
by our sampling method, which selected only for ACSS patients who were referred for
VFSS due to subjective complaints of dysphagia. This is a form of sampling bias and
therefore limits generalization across all ACSS patients. Finally, a swallow task may (e.g.,
solid/cookie trial) have been omitted to ensure patient safety. In these situations, clinicians
abided by the standardized MBSImP bailout scoring rules in order to maintain a high level
of internal validity.

5. Conclusion

Subjective complaints of dysphagia can persist for more than two months following ACSS,
but often do not correlate with validated physiologic swallowing dysfunction on VFSS. This
can be a frustrating situation for patients due to a lack of therapeutic targets for intervention
and no specific explanation for their complaints. Future studies should focus on potential
applications of newer technology to elucidate relevant deficits.
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Fig. 1.

Po%terior pharyngeal wall thickness (PWT) was measured on a single rest frame from the
VFESS recording using /mageJ (National Institutes of Health, Bethesda, Maryland) utilizing
a penny placed on the patient’s neck as a referent scalar. The solid line is the measurement
taken perpendicular to the cervical spine axis (dotted line) at the level of the base of the
vallecula/epiglottis (arrow).
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Table 2

Primary outcomes of interest between controls, early post-operative and late post-operative patients

Measure Group Mdn IQR P-value

PAS Score Oa 1.00 1.00/2.00 Oto1, P= 51e-14~

1b 7.00 3.00/8.00 0to 2, P=1.00

c 1.00 1.00/1.25 1t02, P=3.6e-6 *
PT Score 0 5.00 4.00/7.00 0tol, P=2.3e-14 *

1 1200 900400  0Oto2 P=0.70
2 200 075725 193 p=55e6”

PWT (mm) 0 4.68 3.81/5.41 Otol, P= 0¥
1 1432 11.12/17.33 0to2, P=2.5e-5 *

2 9.15 5.31/13.01 1to2, P=0.07

PAS, penetration-aspiration scale; PT, pharyngeal total; PWT, pharyngeal wall thickness.
a

Group 0 = controls.
b . .

Group 1 = early post-operative patients (2 mo).

c . ]
Group 2 = late post-operative patients (> 2 mo).
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*

= Denotes significance at £< 0.05.
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