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Abstract

Objective: Static endoscopic evaluation of swallowing (SEES) is an instrumental eval-

uation developed for in-office identification of patients who may benefit from a mod-

ified barium swallow study (MBSS). We aim to determine the predictive value of

SEES for evaluating dysphagia.

Methods: A retrospective case series was performed on adults evaluated for dyspha-

gia using SEES followed by MBSS at a single tertiary care center. Studies were evalu-

ated by two blinded expert raters.

Results: Fifty-eight patients were included. Thin liquid penetration on SEES had a

sensitivity, specificity, positive predictive value (PPV), and negative predictive value

(NPV) of 0.86 (95% CI 0.70-0.95), 0.63 (95% CI 0.24-0.91), 0.91 (95% CI 0.76-0.98),

and 0.5 (0.19-0.81), respectively, for predicting thin liquid penetration on MBSS, and

1.0 (95% CI 0.59-1.0), 0.29 (95% CI 0.15-0.47), 0.23 (95% CI 0.10-0.41), and 1.0

(95% CI 0.69-1.0) for predicting thin liquid aspiration on MBSS. Thin liquid aspiration

on SEES had a sensitivity, specificity, PPV, and NPV of 0.67 (95% CI 0.09-0.99), 0.85

(95% CI 0.66-0.96), 0.33 (95% CI 0.04-0.78), and 0.96 (95% CI 0.79-1.0), respectively,

for predicting thin liquid aspiration on MBSS.

Conclusions: SEES may be used as an objective in-office test to screen for aspiration

and penetration. Thin liquid penetration on SEES is moderately sensitive for

predicting penetration on MBSS. Absence of thin liquid penetration or aspiration on

SEES has a high NPV for excluding aspiration on MBSS. Abnormalities on SEES or

the need to view the entire swallowing mechanism should prompt an MBSS for a

more complete evaluation of dysphagia.
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1 | INTRODUCTION

The primary methods for evaluation of oropharyngeal dysphagia

include the fiberoptic endoscopic evaluation of swallow (FEES) and

modified barium swallow study (MBSS). MBSS involves fluoroscopic

evaluation of swallowed radiopaque material of various consistencies

and requires involvement of a radiologist and speech language pathol-

ogist. FEES involves visualizing the passage of food of various consis-

tencies through the pharynx during swallowing using a transnasal

endoscopic camera; this study typically requires involvement of multi-

ple personnel including a speech language pathologist. Both studies

may not be feasible in the typical otolaryngology visit due to the time

and coordination required. Moreover, due to coronavirus precautions

in the current era, availability of these studies may be restricted.

Screening mechanisms for identifying those patients most in need of

comprehensive swallow evaluation are critical.

Clinical bedside swallow evaluations, in which patients are given vari-

ous consistencies to swallow and are monitored for clinical signs of aspi-

ration and penetration, are a common method of screening for dysphagia;

however, the sensitivity and specificity of this test vary widely depending

on how many clinical signs are used for determining the presence of aspi-

ration1 with published estimates ranging from 0.65 to 0.86 and 0.30 to

0.96, respectively.1-4 Additionally, clinical bedside swallow evaluations

cannot distinguish between aspiration and penetration.

Recently, an alternative instrumental swallow examination tech-

nique, static endoscopic evaluation of swallow (SEES), was proposed

in which the pharynx is examined without anesthesia with a transoral

endoscope after swallowing various consistencies and was found to

correlate significantly with findings of aspiration and penetration on

MBSS in a study of 39 patients.5

As SEES offers evaluation of aspiration and penetration risk in

clinic, it has the potential to be used as a screening test to identify the

need for additional comprehensive evaluation with MBSS. Potential

advantages of SEES over FEES procedures may include a shorter time

to complete the evaluation as well as avoidance of topical anesthesia

and disruption of nasopharyngeal closure during the swallow, factors

thought to artificially increase rates of dysphagia detected by FEES.6,7

Given the limited existing data regarding the sensitivity and specificity

of SEES in the literature, we hope to further evaluate the diagnostic

capability of SEES with regards to MBSS as the gold standard.

2 | MATERIALS AND METHODS

Approval from the Mount Sinai Committee on Human Research was

obtained to perform a retrospective study of patients who underwent

in-office SEES followed by MBSS for evaluation of dysphagia at

Mount Sinai Hospital between 2017 and 2019. Patients who under-

went evaluation for dysphagia were systematically identified using

coding records of all patients who underwent MBSS. Patients who

underwent SEES prior to undergoing MBSS were included in this

study whether or not oropharyngeal dysphagia was ultimately identi-

fied. Exclusion criteria included lack of SEES video recordings or lack

of stored MBSS images that would allow separate evaluation of the

studies by raters specifically for research purposes. No swallow ther-

apy was implemented between the SEES and MBSS evaluations.

SEES was performed by having patients swallow substances of

various consistencies, including a sip of thin barium, a cup of thin bar-

ium, and a bite of cookie, followed by videoendoscopic evaluation of

the hypopharynx and larynx with rigid transoral endoscopy. During

the SEES, patients are instructed to “take a sip,” “drink the entire

cup,” or “take a bite” of cookie and chew, and “then swallow once” to
standardize the swallowing process and avoid multiple swallows.

Endoscopy was performed immediately after each consistency was

swallowed. Not all consistencies were tested in all patients per the

judgment of the clinician at the time of the exam.

SEES and MBSS videos were collected and deidentified. SEES

videos included four separate clips including clips prior to swallowing,

after one sip of thin barium clip, after a cup of thin barium, and after a

bite of dry solid. MBSS videos included two separate clips of

swallowing including thin liquid and dry solid. 15% of the videos were

repeated to allow for calculation of intrarater reliability.

Two raters (SKB and LG) evaluated SEES and MBSS videos indepen-

dently in a blinded manner. Video clips including both SEES and MBSS

clips were evaluated for presence and volume of residue at seven different

anatomic subsites. Presence of residue was graded as absent or present.

Volume of residue was graded as absent, trace/minimal, or moderate/

maximal. The anatomic subsites included the valleculae, piriform sinuses,

post-cricoid space, upper one third of the laryngeal vestibule, lower two

thirds of the laryngeal vestibule, vocal folds, and trachea. As absence and

presence of a finding cannot be averaged in cases where raters did not

agree, one rater was selected at random to represent the “true” ratings

and this set of ratings was used to calculate predictive values.

Inter- and intrarater reliability was calculated using weighted

kappa. As kappa between 0.6 and 0.8 is considered substantial and

above 0.8 is considered almost perfect,8 only exam components with

inter- and intrarater kappa above 0.6 were included in analysis. Addi-

tionally, exam subsites in which no patients had evidence of residue

were excluded (Figure 1).

F IGURE 1 Aspiration identified on SEES after a swallowing a cup
of thin barium
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A combination of exam locations was used to determine penetra-

tion and aspiration. Exams were considered positive for penetration if

residue was identified in the upper 1/3 of the laryngeal vestibule, lower

2/3 of the laryngeal vestibule, or on the vocal folds. Exams were consid-

ered positive for aspiration if residue was identified in the trachea. All

of the applicable locations needed to be evaluated and noted to have

no residue for an exam to be considered negative. Presence of residue

in only one of the applicable locations was sufficient for an exam to be

considered positive even if all of the applicable locations were not fully

visualized. Exam locations that did not meet reliability cut-offs were not

included in determination of penetration and aspiration. Findings from

swallowing a sip and a cup of thin liquid on SEES were combined for

analysis of predictive values and were reported as findings with thin liq-

uid, as was performed in the original study on SEES.5

Additionally, time to complete the SEES exam was calculated

from video time stamps. This measurement included time required to

explain the exam to the patient, to allow the patient to swallow, and

to perform an adequate endoscopic exam. This time does not include

the pre-swallow endoscopic exam and does not include the time for

SEES interpretation.

The Fisher exact test was used to determine statistical signifi-

cance. Predictive values including sensitivity, specificity, positive pre-

dictive value (PPV), and negative predictive value (NPV) were

calculated. MBSS findings were used as true positives and negatives

for calculation of predictive values. Statistical calculations were per-

formed on Excel and R. Summary statistics are reported as means and

standard deviations unless otherwise noted.

3 | RESULTS

Fifty-eight patients underwent SEES followed by MBSS for evaluation

of dysphagia between 2017 and 2019. SEES videos included 58 pre-

swallow, 55 sips of thin liquid, 43 cup of thin liquid, and 30 dry solid

clips. MBSS videos included 57 thin and 47 dry solid clips. Average

age was 60.7 ± 15.1 years old. 70% of the patients were men. Time

between SEES and MBSS evaluations was 3.5 ± 2.4 weeks. Average

time to evaluate three consistencies was 4.2 ± 2.8 minutes. Causes of

dysphagia are listed in Table 1. Consistencies and locations that did

not meet inter- and intrarater reliability are listed in Table 2.

Penetration of thin liquids on SEES had sensitivities and specific-

ities of 0.86 (95% CI 0.70-0.95) and 0.63 (95% CI 0.24-0.91) for

predicting penetration of thin liquids on MBSS, and 1.0 (95% CI

0.59-1.0) and 0.29 (95% CI 0.15-0.47) for predicting aspiration of thin

liquids on MBSS. Aspiration of thin liquids on SEES had a sensitivity

and specificity of 0.67 (95% CI 0.09-0.99) and 0.85 (95% CI

0.66-0.96) for predicting aspiration of thin liquids on MBSS (Table 3).

PPV and NPV was calculated for various levels of disease prevalence

to illustrate the predictive values of SEES in different hypothetical

clinical populations (Table 4).

4 | DISCUSSION

SEES is highly sensitive for predicting aspiration of thin liquids on

MBSS. Penetration of thin liquids on SEES had a higher sensitivity

than aspiration of thin liquids for identifying aspiration that was later

confirmed on MBSS, 1.0 vs 0.67, respectively. Specificity of SEES for

predicting thin liquid aspiration on MBSS was moderate to low. At our

institution this translated into a high NPV of 1.0 and low PPV of 0.23

when using absence of thin liquid penetration on SEES to exclude

aspiration on MBSS.

On the other hand, SEES was only moderately sensitive and spe-

cific for predicting penetration of thin liquids on MBSS. Penetration of

thin liquids on SEES had a sensitivity of 0.86 and specificity of 0.63

for predicting penetration of thin liquids on MBSS. Due to the high

TABLE 1 Dysphagia diagnoses Cranial nerve palsy Neurologic

Hypoglossal 2 (3%) Oromandibular dystonia 1 (2%)

Vagal 2 (3%) Stroke 2 (3%)

Recurrent laryngeal nerve 3 (5%) Parkinsons 6 (10%)

Traumatic brain injury 1 (2%)

Malignancy or treatment related

Radiation induced fibrosis 13 (22%) Esophageal

Glottic cancer 1 (2%) Cricopharyngeal bar 7 (12%)

Oropharyngeal surgery 1 (2%) Zenker diverticulum 1 (2%)

Stricture 5 (9%)

Other Dysmotility 13 (22%)

Muscle tension 2 (3%) Achalasia 1 (2%)

NLH 3 (5%)

Osteophyte 1 (2%)

Notes: Dysphagia diagnoses with total number and percentage of patients with each diagnosis. Values do

not add up to 100% as some patients were given multiple diagnoses.

Abbreviation: NLH, neurogenic laryngeal hypersensitivity.
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prevalence of penetration in our patient group, the calculated PPV of

SEES was moderately high at 0.91 for predicting thin liquid penetra-

tion on MBSS with a relatively low NPV of 0.5. Due to the retrospec-

tive nature of this study, the prevalence of penetration in our sample

may be artificially high as those with no penetration on SEES are likely

to forgo subsequent MBSS in our practice and would therefore have

been excluded from this study.

Clearly, the prevalence of dysphagia varies between practices and

the prevalence of dysphagia may even vary between different patient

groups that present to the same practice. Predictive values were cal-

culated for situations with different disease prevalence to adjust for

these variations. In situations where disease prevalence is low, in

other words in low risk groups, absence of thin liquid penetration on

SEES may be used to exclude penetration and aspiration on MBSS.

For example, in a population where prevalence of penetration is 10%,

a SEES exam showing no thin liquid penetration has a high NPV of

0.98 for excluding penetration on MBSS. In a population where preva-

lence of aspiration is 10%, a SEES exam showing no thin liquid pene-

tration has a high NPV of 0.97 for excluding aspiration on MBSS. On

the other hand in patients with a clinical history that strongly suggests

penetration or aspiration, MBSS may be warranted regardless of SEES

findings given the lower NPV in higher risk groups.

Additionally, abnormalities noted on SEES warrant subsequent

evaluation with MBSS. Due to relatively low PPVs, ranging from 0.2

to 0.7 for prediction of thin liquid penetration on MBSS and 0.12 to

0.82 for prediction of thin liquid aspiration on MBSS for disease prev-

alence between 10% and 50%, MBSS is important for confirmation of

the findings noted on SEES. Moreover, MBSS provides more complete

information regarding the swallow than SEES. Whereas SEES can only

identify the presence or absence of penetration and aspiration, MBSS

might identify specific processes during the swallow that are abnormal

and that can be targeted for further treatment.

Clinically, SEES may be useful as a rapid instrumental evaluation

of swallow that can provide immediate information regarding the

swallow in routine clinic visits and which has value as a screening test.

The average time required to explain the exam to the patient, have

the patient swallow three consistencies, and perform an endoscopic

exam of the hypopharynx and larynx after each of those consistencies

was 4.2 minutes. However, this evaluation can be performed in less

time if fewer consistencies are tested. Additionally, in this study the

average time to obtain an MBSS was 3.5 weeks. SEES provided lim-

ited but expeditious information regarding the swallow that could be

used to inform medical decision on the day of the clinic visit, as this

procedure can be performed within the initial clinic visit by the evalu-

ating physician. On the other hand, it does not provide the depth of

information that is provided by MBSS or FEES.

In comparison to clinical bedside evaluation, SEES offers a num-

ber of advantages. More information regarding swallow pathology can

be provided with SEES, including the ability to distinguish aspiration,

penetration, and location of residue. Additionally, SEES sensitivity for

TABLE 2 Inter- and intrarater reliability of exam subsites

Consistency Kappa ≥0.6 Kappa ≤0.6

MBSS Thin Vestibule, upper 1/3a Valleculae

Vocal foldsa Piriforms

Tracheaa Post-cricoid

Vestibule, lower 2/3b

Solid Valleculaea Vestibule, upper 1/3

Piriformsa Vestibule, lower 2/3

Post-cricoida Vocal foldsb

Tracheab

SEES Sip of thin Valleculae Piriforms

Vestibule, lower 2/3a Post-cricoid

Tracheaa Vestibule, upper 1/3

Vocal folds

Cup of thin Valleculae Piriforms

Vestibule, upper 1/3a Post-cricoid

Vestibule, lower 2/3a

Vocal foldsa

Tracheaa

Solid Valleculae

Piriforms

Post cricoid

Vestibule upper 1/3

Vestibule, lower 2/3

Vocal folds

Trachea

Notes: Subsites with inter- and intrarater kappa ≥0.6 are considered to

have substantial or near perfect reliability, and were included in

subsequent analysis. SEES sip and cup of thin consistencies were

combined in subsequent analysis and reported as thin liquids.
aDegree of residue at this subsite also had inter- and intrarater kappa ≥0.6.
bNo residue was identified on any of the patient exams.

TABLE 3 Diagnostic accuracy of SEES for predicting MBSS abnormalities with thin liquids

SEES MBSS Sensitivity Specificity PPV NPV Prevalence

Penetration Penetration 0.86 (0.70–0.95) 0.63 (0.24-0.91) 0.91 (0.76-0.98) 0.5 (0.19-0.81) 0.81

Aspiration Aspiration 0.67 (0.09–0.99) 0.85 (0.66-0.96) 0.33 (0.04-0.78) 0.96 (0.79-1.0) 0.10

Penetration Aspiration 1.0 (0.59–1.0) 0.29 (0.15-0.47) 0.23 (0.10-0.41) 1.0 (0.69-1.0) 0.17

Notes: Diagnostic accuracy of SEES for predicting MBSS abnormalities. SEES and MBSS findings describe thin liquid consistencies. Values reported with

95% confidence intervals.

Abbreviations: NPV, negative predictive value; PPV, positive predictive value.
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detecting aspiration is at the upper limit or higher than published bed-

side swallow sensitivity albeit with specificity at the mid to low range

of published bedside swallow specificity. Disadvantages of SEES are

that it requires endoscopic equipment and is more invasive compared

to bedside swallow evaluations.

FEES is an alternative study that can be performed at bedside.

However, studies have found higher rates of dysphagia detection on

FEES compared to MBSS.6,9,10 The higher rate of dysphagia detec-

tion may in fact be due to worsening of swallow during FEES rather

than a higher sensitivity of FEES compared to MBSS. A randomized

controlled trial by Adachi et al in which an MBSS was performed

with and without an endoscope in place showed that endoscope

placement increases the number of aspiration events and severity of

pharyngeal residue.6 Suggested etiologies include disruption of the

normal swallowing process due to the topical anesthesia used for

endoscope placement7 or because of alteration of pharyngeal con-

traction and nasopharyngeal closure.6 SEES avoids these theoretical

reasons for creation of false positives as the swallow is performed

without topical anesthesia and without an endoscope in place during

the swallow.

Limitations of this study include exclusion of a number of exam

subsites from analysis. This may be in part due to the relatively high

kappa cut-off of 0.6. Prior studies examining inter- and intrarater reli-

ability of MBSS have reported a similar range of kappa values includ-

ing inter- and intrarater reliability of �0.16 to 0.56 and 0.24 to 0.90,

respectively, for various pharyngeal subsites,11-13 and interrater reli-

ability of 0.56 to 0.57 and 0.39 to 0.89 for directed evaluation of pen-

etration and aspiration, respectively.11,12,14,15 Use of example videos

as anchors to calibrate ratings between the two expert raters was not

performed in this study and could be considered in future studies to

increase reliability. Additional limitations include lack of standardiza-

tion of MBSS boluses, evaluation of only single boluses on MBSS, the

multiple week duration between SEES and MBSS in which

the swallowing could have changed, and possible patient selection

bias as patients with normal SEES may be more likely to forgo MBSS

and therefore be excluded from this study. Future studies may

consider direct comparison of SEES and FEES.

5 | CONCLUSIONS

SEES may be used as a rapid, objective test to screen patients for

aspiration and penetration in the office. Penetration of thin liquids on

SEES is moderately sensitive for predicting penetration on MBSS.

Absence of thin liquid penetration or aspiration on SEES has a high

NPV for excluding aspiration of thin liquids on MBSS. Abnormalities

detected on SEES or the need to view the entire swallowing mecha-

nism based on clinical presentation should prompt an MBSS for a

more complete evaluation of dysphagia.
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