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Assessment of the Reliability of the Fiberoptic Endoscopic Evaluation of Swallowing as

an Outcome Measure in Patients Undergoing Revision Anterior Cervical Discectomy
and Fusion
Matthew S. Erwood1, Beverly C. Walters1, Timothy M. Connolly4, William R. Carroll2, Duane V. Trahan3,

Abby W. Graves3, Bonita S. Agee1, Mark N. Hadley1
-BACKGROUND: Dysphagia is one of the most common
complications of anterior cervical spine surgery, and there
is a need to establish that the means of testing for it are
reliable and valid. The objective of this study was to
measure observer variability of the fiberoptic endoscopic
evaluation of swallowing (FEES) test, specifically when
used for evaluation of dysphagia in patients undergoing
revisionary anterior cervical decompression and fusion
(ACDF).

-METHODS: Images from patients undergoing revision
ACDF at a single institution were collected from May 1,
2010, through July 1, 2014. Two senior certified speech
pathologists independently evaluated the swallowing
function of patients preoperatively and at 2 weeks post-
operatively. Their numeric evaluations of the Rosenbeck
Penetration-Aspiration Scale and the Swallowing Perfor-
mance Scale during the FEES were then compared for
interrater reliability.

-RESULTS: Positive agreement between raters was 94%
for the preoperative Penetration-Aspiration Scale (preva-
lence-adjusted bias-adjusted k, 0.77). The postoperative
Penetration-Aspiration Scale showed reliability
coefficients for k, Kendall’s W, and intraclass correlation
coefficient (ICC) of 0.34 (fair agreement), 0.70 (extremely
strong agreement), and 0.35 (poor agreement), respectively.
The preoperative Swallowing Performance Scale showed
strong agreement, with a Kendall’s W coefficient of 0.68,
and fair reliability, with an ICC of 0.40. The postoperative
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Swallowing Performance Scale indicated extremely strong
agreement between raters, with a Kendall’s W of 0.82, and
good agreement, with an ICC of 0.53.

-CONCLUSIONS: The FEES test appears to be a reliable
assessor of dysphagia in patients undergoing ACDF and
may be a useful measure for exploring outcomes in this
population.
INTRODUCTION
ysphagia and resultant aspiration or malnutrition can
adversely affect outcomes in individuals with brain and
Dspinal pathology.1 In particular, dysphagia is one of the

most common complications of anterior cervical decompression
and fusion surgery2,3 and can result from numerous mecha-
nisms, including soft tissue inflammation and edema and damage
to the recurrent or superior laryngeal nerves. Injury to the recur-
rent laryngeal nerve can manifest as dysphonia or dysphagia, with
an incidence of up to 11% in the current literature.2-4 The rate of
recurrent laryngeal nerve injury is higher in revision anterior cer-
vical surgeries, at approximately 14%.5

In today’s practice landscape, reimbursement strategies from
payers have increasingly focused on patient satisfaction post-
operatively, an outcome influenced heavily by the occurrence of
complications and/or adverse events. Consequently, it is becoming
increasingly important for neurosurgeons to identify and track
their most common surgical complications.6 As we measure
outcomes in anterior cervical spine surgery, means of testing
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and evaluation should be reliable and validated. Given that
dysphagia is one of the most common complications of anterior
cervical spine surgery, particularly anterior cervical
decompression and fusion (ACDF), the need for reliable and
valid swallowing evaluation is essential.7

Two assessments—fiberoptic endoscopic evaluation of swal-
lowing (FEES) and the modified barium swallow study—are
considered the gold standards for assessing swallowing function.8

In a previous study, FEES was the outcome measure used to
determine swallowing function among patients undergoing
revision ACDF surgery.5 The FEES test involves direct
visualization of a patient’s vocal cords and pharynx while
swallowing various substances through the use of a flexible
laryngoscope9 (Figures 1e4). This visualization is then docu-
mented using 2 assessment scales that categorize different aspects
of function: the Swallowing Performance Scale and the
Penetration-Aspiration Scale (Figure 5).10,11 Although the FEES test
has been shown to be an effective tool to evaluate the presence or
absence of swallowing disorders in other situations, to our
knowledge there are little published data to establish its interrater
reliability (IRR) in patients undergoing anterior cervical spine
procedures.12-15 Consequently, the objective of this study was to
measure observer variability of FEES, specifically when used for
evaluating dysphagia in patients undergoing revisionary ACDF.
METHODS

FEES studies from patients undergoing revision anterior cervical
discectomy and fusion procedures at a single institution were
enrolled from May 1, 2010, through July 1, 2014. Institutional
Review Board approval was obtained before enrollment, and all
participating patients consented to inclusion in the study. A total
of 55 patient studies were used in the study; several of the patients
had undergone previous anterior cervical spine surgery at 3 or
more surgical levels.
All patients enrolled in the study underwent evaluation by a

single senior certified speech and language therapist. There was
an initial preoperative evaluation, with an additional follow-up
evaluation at 2 weeks postoperatively. Patients with documented
vocal cord or swallowing dysfunction were evaluated further at 3
months and 6 months postoperatively, if necessary. Data on
dysphagia and vocal cord paralysis due to injury to the recurrent
laryngeal nerve were recorded by the speech therapist. These were
determined through the FEES examination and video-
laryngostroboscopy, respectively. For the FEES, patients were
administered thin liquids, thickened liquids, and solid food, and
swallowing function was assessed according to the Swallowing
Performance Scale and the Penetration-Aspiration Scale.10,11 The
initial studies were stored electronically, allowing repeat analysis
at a later date.
For this reliability study, a second senior certified speech

pathologist independently evaluated archived videos of the swal-
low functions of individual patients, mimicking normal clinical
practice.16 The observations of the speech pathologists were
recorded using the numeric evaluations of the Penetration-
Aspiration Scale and the Swallowing Performance Scale and
were then compared between the 2 raters to assess IRR. An
example of the data sheet used in the study is shown in Figure 5.
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Outcomes for the study were varying degrees of stasis, penetration
of the vocal cords, or aspiration as seen during the FEES test.
Exposure for patients was the performance of a reoperative
anterior cervical discectomy and fusion. Predictors of dysphagia
were retraction and stretch injury during performance of the
ACDF, complicated by the scarring inherent with a revisionary
procedure. The presence of swallowing dysfunction was also an
indicator of potential damage to the recurrent laryngeal nerve.17

The speech pathologists were blinded to each other’s
evaluations to protect against introduction of potential bias.
This study was designed with special attention to several critical

factors for reliability studies that have previously been outlined in
the literature. Requirements included the identification of an
appropriate research question and the use of both raters and pa-
tients to provide a true sample of the individuals who would use
this test in a clinical setting. The Penetration-Aspiration Scale and
Swallowing Performance Scale were chosen as the means of
comparison because these numerical interpretations of the FEES
test are used commonly in practice to define swallowing abnor-
malities. Appropriate statistical measures were used to interpret
the data, as described below. Because this was a cross-sectional
consecutive sample, there were no quantitative variables to
analyze.16

The estimate for sample size for the number of ratings in this
study was based on a ¼ 0.05, 80% power (b ¼ 0.20), and a
minimally acceptable reliability estimate of 0.60, because this is
often considered a cutoff for moderate reliability. Using the
method described by Walter et al.18 with 2 raters and looking at
the difference between an anticipated reliability coefficient (r1)
of 0.80 and a minimally acceptable reliability coefficient (r0) of
0.60, a sample of size of at least 39 comparisons was indicated.
This would provide 80% power for testing H0: r1�r0 versus H1:
r1�r0 using the foregoing specifications.

Statistical Analysis
IRR for the FEES parameters was calculated using weighted k with
FleisseCohen weights, Kendall’s coefficient of concordance (W),
and intraclass correlation coefficient (ICC). Landis and Koch’s
categorization19 interprets k values of 0.81e1.00 as almost perfect,
0.61e0.80 as substantial agreement, 0.41e0.60 as moderate
agreement, 0.21e0.40 as fair agreement, and 0.00e0.20 as poor
to slight agreement.
Another statistic, the prevalence-adjusted bias-adjusted k

(PABAK), adjusts the k for imbalances caused by differences in the
prevalence and presence of bias.20 This additional indicator
measures observer reliability in instances where the high
prevalence of a rating has resulted in low variability, as in the
case of high agreement, and thus low IRR. Kendall’s W is a test
of concordance specific for ordinal categories and quantifies
agreement of 2 or more raters. A Kendall’s W coefficient of
concordance of 0.71e9.0 is considered to indicate extremely
strong agreement, 0.51e0.70 to indicate strong agreement,
0.31e5.0 to indicate moderate agreement, and 0.11e0.30 to
indicate weak agreement.21 Both k and Kendall’s W were
computed using the SAS MAGREE macro version 1.0 (SAS
Institute, Cary, North Carolina, USA).22

IRR coefficients were also generated using the ICC, a popular
method for quantifying the extent of agreement among raters by
UROSURGERY, https://doi.org/10.1016/j.wneu.2019.06.028

www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2019.06.028


Figure 1. Appearance of normal vocal cords on the fiberoptic endoscopic
evaluation of swallowing.

Figure 3. Abnormal swallowing studyestasis.
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comparing the variability of raters rating the same subject to the
total variation across all ratings and subjects. The ICC values
presented here are based on ICC model 2 of Shrout and Fleiss,23 a
2-way analysis of variance random-effects model with absolute
agreement (ICC2,1). Model 2 was chosen because each rater rated
the entire sample of subjects, and the 2 raters who gave the clinical
assessments were believed to represent a random sample from a
larger population of senior speech pathologists. In this way, this
model permits generalizability to other potential raters.23

Agreement measured by the ICC is interpreted as excellent at
>0.75, fair to good at 0.40e0.75, and poor at <0.40.24

All statistical analyses were performed using SAS version 9.4
(SAS Institute, Cary, North Carolina, USA), with the exception of
the ICCs, which were computed using SPSS version 24.0 (IBM,
Figure 2. Normal phonation during the fiberoptic endoscopic evaluation
of swallowing.
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Armonk, New York, USA). A P value <0.05 was considered to
indicate statistical significance.
RESULTS

Ninety-eight total FEES examinations (54 preoperative and 41
postoperative) from 55 patients were chosen for the study,
providing sufficient power. The study cohort included 26 males
(47%) and 29 females (53%), with an average age of 53 years. The
most common reason for a reoperative ACDF procedure was
radiculopathy (74.5%), with myelopathy, instability, and pseu-
doarthrosis as additional indications. Twenty-nine patients (53%)
underwent fusion of 3 or more cervical vertebrae in at least 1
preceding operation. All 55 patients were treated via a right-sided
approach.17 This patient population thus represented the typical
Figure 4. Abnormal swallowing studyepenetration.
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Figure 5. Example assessment used for the fiberoptic
endoscopic evaluation of swallowing, including the

Swallowing Performance Scale and the Penetration-Aspiration
Scale.
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Table 1. Statistical Methods for Diagnostic Agreement

Method Agreement
Coefficient
Values

Weighted k19 with Fleiss-
Cohen (quadratic) weights

Almost
perfect

0.81e1.00

Substantial 0.61e0.80

Moderate 0.41e0.60

Fair 0.21e0.40

Poor 0.00e0.20

Kendall’s coefficient of
concordance (W)21

Extremely
strong

0.71e0.90

Strong 0.51e0.70

Moderate 0.31e0.50

Weak 0.11e0.30

Intraclass correlation
coefficient (ICC)24

Excellent 0.75e1.00

Good 0.60e0.74

Fair 0.40e0.59

Poor 0.00e0.40
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scope of patients in whom the FEES test would be applied in
practice.
Reliability data for the FEES test as assessed using the

Penetration-Aspiration Scale and the Swallowing Performance
Scale and compared using k, Kendall’s W coefficient of concor-
dance, and the ICC are provided in Tables 1 and 2.
Positive agreement between raters was 94% for the preop-

erative Penetration-Aspiration Scale. The lack of variability in
the range of scores on the preoperative assessments (i.e.,
most patients with normal or close to normal function)
essentially excluded those results from evaluation by k and
ICC. However, the additional k statistic described above,
PABAK, was calculated as 0.77 for the preoperative
Penetration-Aspiration Scale, consistent with substantial
agreement between raters.25

On the postoperative Penetration-Aspiration Scale, reliability
coefficients for k, Kendall’s W, and ICC were 0.34 (fair agreement),
Table 2. FEES Test IRR Estimates

Parameter k SE P

Penetration-Aspiration Scale, preoperative 0.77*

Penetration-Aspiration Scale, postoperative 0.34 0.19

Swallowing Performance Scale, preoperative 0.39 0.14

Swallowing Performance Scale, postoperative 0.52 0.08 <

Significant P values (<0.05) are in bold type.
FEES, fiberoptic endoscopic evaluation of swallowing; IRR, interrater reliability; SE, standard erro
*Prevalence-adjusted, bias-adjusted k (PABAK).
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0.70 (extremely strong agreement), and 0.35 (poor agreement),
respectively. As discussed below, the ICC and k results were more
strongly affected than Kendall’s W results by the prevalence and
variability of the data.26

Swallowing Performance Scale findings were better than those
for the Penetration-Aspiration Scale. Preoperative assessments
showed strong agreement, with a Kendall’s W coefficient of 0.68,
and fair reliability, with an ICC of 0.40. Meanwhile, postoperative
assessment indicated extremely strong agreement between raters,
with a Kendall’s W of 0.82 and an ICC of 0.53 interpreted as
showing good agreement.
DISCUSSION

The FEES test is widely considered the gold standard for evalu-
ating dysphagia. In principle, a gold standard should prove reli-
able and valid across evaluations and patient populations.
Therefore, the FEES test not only should provide accuracy in
determining the diagnosis of dysphagia, but it should do so
consistently across users of the test.27,28 Because neurosurgeons
frequently assess their own outcomes using such methods as the
FEES test, it is important that they understand not only the
outcome, but also how objective and robust the assessment is, as
measured by its reliability.
Despite the lack of previously reported data showing the reli-

ability of the FEES test in ACDF-related dysphagia, this test is
commonly used as an objective measure of swallowing assessment
in this target population.4,5 As shown in Figure 5, 2 numerical
scales are included as part of an FEES evaluation: the
Swallowing Performance Scale and the Penetration-Aspiration
Scale. Users of the FEES laryngoscope, often speech patholo-
gists, assign a numerical score based on the level of dysfunction
identified in the patient’s ability to swallow.15,29 Explanations for
each numerical score are included in Figure 5 as well. The
reliability of the FEES test, as measured by the Swallowing
Performance Scale and the Penetration-Aspiration Scale, was the
focus of this study.
Subjective, patient-reported assessments of swallowing exist as

well. Chief among these are questionnaire-based assessments of
swallowing function, such as the MD Anderson Dysphagia
Inventory (MDADI). The MDADI scale uses a series of swallowing
questions across multiple subscales, allowing the patient to rate
his or her own swallowing capability and its effect on emotional
Value Kendall’s W P Value ICC P Value

0.001 0.70 0.01 0.35 0.003

0.0002 0.68 0.004 0.40 <0.0001

0.0001 0.82 <0.0001 0.53 <0.0001

r; ICC, intraclass correlation.
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status and quality of life. The questions are then assigned a nu-
merical score and tabulated to form an overall assessment.30

Detailed FEES data in patients with ACDF undergoing reoper-
ation have been reported recently.17 A recent study examined
patients undergoing revision anterior cervical spine surgery with
preoperative and postoperative FEES and MDADI assessments.
The postoperative evaluations were obtained at 2 weeks after
revision ACDF. The authors found that 30 of 67 patients (44.8%)
exhibited abnormalities on the postoperative FEES test. The
majority of these swallowing abnormalities were mild, although
8 patients required swallowing precautions in the postoperative
period and 2 patients required a dietary change. In comparison,
roughly 60% of patients reported a subjective decline in
swallowing function on the MDADI, as opposed to the roughly
45% detected by FEES.17

Numerous studies in the literature support the effectiveness of
the FEES test as a predictive tool. It can be used to assess the
severity of disease in amyotrophic lateral sclerosis and has proven
to be an effective tool for determining the timing of patient dietary
interventions.31,32 In 1 such study, aspiration pneumonia did not
occur in any of the 22 patients who began oral feeding based on
their FEES results.32 Moreover, the FEES test has proven effective
and safe for use across age groups, including the pediatric
population, to evaluate general swallowing disorders.33,34

Although not been previously studied in the clinical scenario of
ACDF surgery, the FEES test has been shown to be both valid and
reliable in other situations, especially when used with the
Penetration-Aspiration Scale. This has been true for both intra-
rater reliability and IRR, regardless of the interval between
testing, and for multiple swallowing pathologies.12,15,35 One recent
study found an IRR of 0.763 (Kendall’s W) for white light FEES
dysphagia evaluations using the Penetration-Aspiration Scale.14

Whereas the reported correlation coefficients for reliability vary
widely in the literature, ranging as high as 0.97 when used by
advanced clinicians, this scale has consistently proven to be
reliable.12 Although data on the reliability and validity of the
Swallowing Performance Scale are less prevalent, this scale
remains a frequently used tool for assessing swallowing function
and is commonly used to rate the severity of dysphagia in
patients with head and neck cancer undergoing chemotherapy
and radiation treatment.11,29

To our knowledge, the present study is the first to examine the
reliability of the FEES test for dysphagia in patients undergoing
anterior cervical spine reoperation. Overall, our results indicate
that the FEES test is a reliable assessment for this outcome. The
Penetration-Aspiration Scale results were plagued by the very high
e204 www.SCIENCEDIRECT.com WORLD NE
prevalence of scores of 1 (normal) in the raters’ assessments to the
exclusion of other ratings, resulting in low variability among rat-
ings and subsequently low IRR. This phenomenon related to the k
statistic is known as Cicchetti’s paradox.36 To counteract this, the
PABAK was calculated, and the adjusted k confirmed a high IRR
in the preoperative population. Because the scoring did not cover
the full range of values being tested (because most patients had
completely normal function), the kappa, Kendall’s W, or ICC
calculations could not accurately reflect the preoperative
reliability of the Penetration-Aspiration Scale.
The results are clearer for the FEES assessment using the

Swallowing Performance Scale. Kendall’s W, which is useful with
the type of ordinal data studied here, showed fair and extremely
strong reliability preoperatively and postoperatively, respectively.
The results for ICC were less impressive, but it has been suggested
that ICC can be strongly affected by prevalence and variability,
much like k.26 It is likely that a wider range of scores provided
across the Swallowing Performance Scale would have improved
the ICC results. Nonetheless, the Kendall’s W data on the
Swallowing Performance Scale are similar to previously reported
results, such as those of Nienstedt et al.14

The present study did not address any of the alternative means
of assessing swallowing function, such as subjective assessments
like the MDADI. As with the FEES test using the Penetration-
Aspiration Scale, the MDADI, including Swedish and Italian ver-
sions, has proven to be reliable and valid in numerous clinical
evaluations.30,37,38 However, like the FEES test before the present
study, it has not yet been shown to be reliable and valid in the
assessment of patients undergoing ACDF surgery.30

Some limitations of the present study call for further research. A
study involving patients with greater variability along the
Penetration-Aspiration Scale would be particularly beneficial. Such
a study could also be expanded to include questionnaire assess-
ments such as the MDADI.30 In addition, although the present
study specifically assessed the reliability of the FEES test in
patients undergoing revision ACDF, it did not assess the validity
of this diagnostic tool.
CONCLUSIONS

Our data show that the FEES test interpreted through the
Penetration-Aspiration Scale and the Swallowing Performance
Scale appears to be a reliable tool for assessing postoperative
dysphagia in patients undergoing revisionary ACDF surgery and
can serve as a useful test for exploring this important outcome in
this patient population.
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