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Abstract

Background—Oropharyngeal dysphagia is prevalent in individuals with amyotrophic lateral 

sclerosis (ALS) leading to malnutrition, aspiration pneumonia and death. These factors necessitate 

early detection of at risk patients to prolong maintenance of safe oral intake and pulmonary 

function. This study aimed to evaluate the discriminant ability of the Eating Assessment Tool 

(EAT-10) to identify ALS patients with unsafe airway protection during swallowing.

Methods—70 ALS patients completed the EAT-10 survey and underwent a standardized 

videofluoroscopic evaluation of swallowing (VFES). Two blinded raters determined airway safety 

using the Penetration Aspiration Scale (PAS). A between groups ANOVA (safe vs. penetrators vs. 

aspirators) was conducted and sensitivity, specificity, area under the curve (AUC) and likelihood 

ratios calculated.

Key Results—Mean EAT-10 scores for safe swallowers, penetrators and aspirators (SEM) were: 

4.28 (0.79) vs. 7.10 (1.79) vs. 20.50 (3.19) respectively with significant differences noted for 

aspirators vs. safe swallowers and aspirators vs. penetrators (p<0.001). The EAT-10 demonstrated 

good discriminant ability to accurately identify ALS penetrator/aspirators (PAS≥3) with a cut off 

score of 3 (AUC:0.77, sensitivity: 88%, specificity: 57%). The EAT-10 demonstrated excellent 

accuracy at identifying aspirators (PAS≥6) utilizing a cut off score of 8 (AUC:0.88, sensitivity: 

86%, specificity: 72%, likelihood ratio: 3.1, negative predictive value: 95.5%).
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Conclusions and Inferences—The EAT-10 differentiated safe vs. unsafe swallowing in ALS 

patients. This patient self-report scale could represent a quick and meaningful aide to dysphagia 

screening in busy ALS clinics for the identification and referral of dysphagic patients for further 

instrumental evaluation.
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Amyotrophic lateral sclerosis (ALS) is a fatal, neurodegenerative disease causing both upper 

and lower motor neuron degeneration. Progressive weakness and/or spasticity of the muscles 

of mastication, tongue, lips, pharynx, larynx and esophagus lead to dysphagia in 

approximately 85% of ALS patients (1). Degeneration of respiratory musculature further 

contributes to impaired airway protection with impairments in the ability to generate 

adequate expiratory pressures to produce an effective and protective cough (2, 3). Sequalae 

of dysphagia in ALS includes: malnutrition; compromised pulmonary status; pneumonia; 

increased risk of death; as well as reports of reductions in quality of life and mental 

wellbeing (1, 4–7). Indeed, aspiration and malnutrition have been noted to increase the risk 

of death by 7.7 times in this patient population (5). These factors necessitate the early 

identification of at risk individuals to ensure optimal medical management and to prolong 

safe oral intake and pulmonary function in this challenging patient population.

Although there have been limited advances in the management and treatment for individuals 

with ALS, attendance at specialized multidisciplinary (MTD) clinics has been noted to 

improve quality of life, extend survival and reduce hospitalizations and mortality (8–11). 

Current practice recommendations of both the American Academy of Neurology (12) and 

the European Federation of Neurological Societies (13) include a MTD model of care where 

patients are seen by a comprehensive team of health care professionals who each focus on 

the evaluation and management of specific health domains that include: walking, breathing, 

speaking, eating, activities of daily living and psychosocial needs during one clinical visit. 

This presents a challenge to the Speech Language Pathologist (SLP) who is tasked with 

examining and providing education on communication and swallowing function in a short 
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time frame (fifteen minutes at our MTD clinic). The high incidence of silent aspirators 

recently noted in individuals with ALS (14) further compromises the ability to easily detect 

at risk patients in a clinical evaluation without the aid of instrumental visualization tools. 

There is therefore a critical need for practical screening tools that are quick, efficient and 

accurate to detect dysphagia and aspiration risk in this patient population.

The Eating Assessment Tool 10 (EAT-10) is a validated, self-administered, symptom-

specific dysphagia outcome tool that has been implemented in clinics worldwide and 

validated in English (15), Italian (16), Spanish (17) and Brazilian (18). The EAT-10 is fast 

and easy to administer and therefore meets the practical requirements of a screener in the 

ALS MTD clinical setting that could be implemented by nursing staff or SLPs for 

identification of at risk individuals who require further more exhaustive instrumental 

evaluation of swallowing function. Although the EAT-10 has been documented to 

demonstrate good discriminant ability for identifying individuals who aspirate in two 

general patient populations in the United States (19) and Spain (20); to date no group has 

examined its ability to identify aspiration risk in individuals with ALS. Therefore, the aim of 

the current investigation was to evaluate the discriminant ability of the Eating Assessment 

Tool to identify aspiration risk in individuals with ALS.

MATERIALS AND METHODS

Subjects

Seventy individuals with a diagnosis of probable or definite ALS by the Revised El-Escorial 

Criteria (21) were included in this study. Mean age was 62.1 years (range: 30–83, SD: 10.3), 

61.3% were males (n=46), mean ALS Functional Rating Scale-Revised (ALSFRS-R) scores 

were 34.8 (range: 16–47, SD: 7.9), and mean disease duration from symptom onset was 17.9 

months (range: 2–72 months, SD: 13.0). Diagnosis was confirmed by the neuromuscular 

neurology specialist at a university ALS Center. Patients were enrolled if they had: 1) 

preserved cognition as evidenced by a score of >24 points on the Mini Mental Status Exam 

(22); 2) no allergies to barium; 3) no tracheotomy or mechanical ventilation; 4) absence of 

diaphragmatic pacer; and 5) no significant concurrent respiratory disease. This study was 

approved by the University Institutional Review Board and conducted in accordance with 

the Declaration of Helsinki. All patients met the inclusion criteria and provided written 

consent to participate.

Testing Procedures

The Eating Assessment Tool (EAT-10)—ALS patients attended a single testing 

session. Upon arrival individuals were brought into an evaluation room and comfortably 

positioned (either seated or in their wheelchair) and provided a pen and the EAT-10 survey 

(see Appendix) that they were asked to complete. For patients who could not hold a pen due 

to severe limb paralysis, the research therapist circled the appropriate response given by the 

patients (either verbally, by pointing or a head nod) to assist completion.

Videofluoroscopic Evaluation of Swallowing (VFES)—Participants underwent a 

standardized videofluoroscopic evaluation of swallowing. Patients were seated upright in a 
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lateral viewing plane using a properly collimated Phillips BV Endura fluoroscopic C-arm 

unit (GE OEC 8800 Digital Mobile C-Arm system type 718074). A Swallowing Signals Lab 

unit (Kay Pentax, Lincoln Park, NJ) digitally recorded the fluoroscopic images at 29.97 

frames per second using a scan converter. A video counter was used to imprint a time code 

and the participants’ identification code on each examination to aid subsequent analysis. In 

accordance with a standard protocol, a penny (U.S. currency, 1.9 centimeters) was taped to 

the chin or neck of the patient for measurement calibration. Lateral views were obtained 

while the patient, seated in an examination chair, was administered liquid barium measured 

with a syringe or graduated medicine cup. A standardized bolus presentation protocol was 

used and consisted of: two 1-cc boluses of liquid contrast agent (Varibar thin barium sulfate 

suspension, EZ-EM, Inc., Westbury, NY), one 3-cc of thin liquid contrast, one 3-cc of 

pudding (EZ-pudding, EZ-EM, Inc.), one 20-cc bolus of liquid contrast and 90cc sequential 

swallows of thin liquid contrast. In anterior-posterior view, the patient was administered a 

20-cc bolus of liquid contrast.

Data and Statistical Analysis

Total EAT-10 scores were calculated with scores ranging from 0 (no impairment) to 40 

(severe impairment). Digital recordings of swallowing studies were played back using 

QuickTime (7.7.4). Airway protection during swallowing was measured using the validated 

Penetration-Aspiration Scale (PAS) (23), an eight-point ordinal scale of airway safety 

describing the degree of airway invasion, the participant’s response and whether the invasive 

material is successfully ejected from the airway (see Appendix B). Two raters independently 

performed the PAS analysis in a blinded fashion across all bolus trials. For statistical 

analysis the worst PAS score was utilized as has been previously performed (24). When 

agreement was not reached on a PAS score, a third expert rater was used to determine the 

final PAS score. This occurred in one subject. To determine EAT-10 profiles across ALS 

airway safety groups (safe vs. penetrators vs. aspirators), a between groups ANOVA was 

performed with LSD post-hoc testing. To determine the diagnostic accuracy of the EAT-10, 

a receiver operating characteristic (ROC) curve was created with area under the curve 

(AUC), sensitivity, specificity, optimal cut point, positive predictive value, negative 

predictive value and likelihood ratios calculated. This analysis was performed under two 

different binary classifications. The first was the ability of the EAT-10 to identify 

penetrator/aspirators (PAS≥3) vs. non-penetrator/aspirators (PAS≤2) similar to the methods 

of Rofe et al (20). The second analyzed the ability of the EAT-10 to distinguish aspirators 

(PAS≥6) from non-aspirators (PAS≤5) similar to the methods of Clafin and colleagues (19). 

Means, standard error and 95% confidence intervals are reported. Statistical comparisons 

were performed using SPSS (Version 22) with alpha set at 0.05.

RESULTS

1. EAT-10 Scores Across Airway Safety Groups

Mean EAT-10 scores for safe swallowers, penetrators and aspirators (SEM) were: 4.28 

(0.79) vs. 7.10 (1.79) vs. 20.50 (3.19) respectively. A significant main effect was observed 

for patient-rated EAT-10 scores across airway safety groups, F(2,68)=27.93, p<0.001. Post- 

hoc analysis revealed that EAT-10 scores were higher (worse) in aspirators vs. safe 
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swallowers (mean difference=16.31, SEM=2.18, 95% CI=11.95, 20.67, p<0.001) and 

aspirators vs. penetrators (mean difference=13.05, SEM=3.07, 95% CI=6.93, 19.18 

p<0.001). Figure 1 displays mean EAT-10 scores across airway safety groups.

2. Discriminant ability of the EAT-10 to predict penetration and aspiration in ALS patients 
(PAS ≥3)

The EAT-10 was significant to detect ALS penetrator/aspirators (PAS≥3) (AUC:0.77, 

p<0.001). Table 1 summarizes ROC analysis data and Figure 2A displays ROC graphs. An 

EAT-10 cut value of 3 demonstrated a sensitivity of 88.0%, specificity of 56.7%, a positive 

predictive value of 52.4%, negative predictive value of 89.7% and a likelihood ratio of 2.0.

3. Discriminant ability of the EAT-10 to predict aspiration in ALS patients (PAS≥6)

The EAT-10 was significant to detect ALS aspirators (PAS≥6) (AUC:0.88, p<0.001). An 

EAT-10 cut value of 8 demonstrated a sensitivity of 85.7%, specificity of 71.9%, a positive 

predictive value of 42.9%, negative predictive value of 95.5% and a likelihood ratio of 3.1. 

Table 1 summarizes ROC analysis data and Figure 2B displays ROC graphs.

DISCUSSION

In this group of individuals with ALS, self-reported dysphagia symptoms, as indexed by the 

EAT-10, predicted swallowing airway safety status. On average, EAT-10 scores were five 

times higher in ALS aspirators than in those who demonstrated safe swallowing. ALS 

patients who scored greater than a 3 on the EAT-10 were 2 times more likely to be unsafe 

swallowers (penetrate or aspirate). This value correctly identified 88.0% of ALS individuals 

with unsafe swallowing and 89.7% of safe swallowers scored below this criterion score. 

When examining the discriminant ability of the EAT-10 for identifying ALS aspirators 

(PAS≥6), a cut value of 8 correctly identified 85.7% of aspirators and patients scoring above 

this value were 3.1 times more likely to aspirate. Further, 95% of ALS patients with safe 

swallowing had EAT-10 scores below this value (negative predictive value).

The current findings that the EAT-10 offers high discriminant ability in detecting aspiration 

in ALS patients is consistent with two previous reports in a general dysphagic population. In 

320 consecutive patients referred for VFSE for suspected dysphagia in an outpatient 

university setting; Cheney et al. (19) reported that individuals whose EAT-10 scores were 

greater then 15 were 2.2 times more likely to aspirate. This value correctly identified 71% of 

actual aspirators (i.e. sensitivity) and demonstrated a negative predictive value of 89% (19). 

Rofes et al. (20) studied 120 patients with suspected swallowing impairment in a hospital 

setting and reported a high sensitivity (89%) and specificity (82%) for the EAT-10 in 

identifying the presence of oropharyngeal dysphagia utilizing a cut score of 2. These authors 

recommended the universal application of the EAT-10 in at risk neurologic patients for 

referral to further instrumental evaluation. It must be noted that the earlier investigation 

utilized a PAS score of ≥6 (i.e. aspirators) for their analysis while the later utilized a PAS 

score ≥3 (i.e. penetrators and aspirators). This methodological difference likely explains the 

differing criterion scores reported by the two studies. In the present study we investigated 

the ability of the EAT to detect both unsafe swallowing (PAS>3) and aspiration (PAS>6). 
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This was undertaken due to the rapid progressive nature of ALS and the need to detect early 

signs of impaired airway protection (i.e. penetration) that will most likely lead to aspiration 

in due course. Identification of early signs of impaired airway protection may be important 

to maximize pulmonary, swallowing and nutritional domains in this patient population and 

indeed has been reported to extend survival in ALS (25).

In this group of ALS patients, it was interesting to note that differences existed not only 

between safe and unsafe swallowers but also amongst unsafe swallowers themselves 

depending on the degree of airway invasion. Indeed, the average EAT-10 score was almost 

three times higher in aspirators compared to penetrators. Thus the EAT-10 appeared to 

demonstrate good sensitivity to differentiate the relative severity of unsafe swallowing.

The current results would support the implementation of the EAT-10 in the clinical 

evaluation of ALS patients. Given that the EAT-10 is quick and easy to administer and 

score, it could be included in evaluations at busy MTD ALS clinics and provide additional, 

useful information regarding the potential risk for aspiration. This could be administered by 

nursing staff to screen for those who are appropriate for a SLP referral when this is not 

standard practice, or by SLPs themselves to determine those patients who require further 

instrumental evaluation of swallowing. At our center, we include the EAT-10 in the mailing 

packet sent to patients prior to their appointments and ask patients to complete and bring to 

their clinic visit to maximize efficiency.

Although we report that the EAT-10 offers high clinical utility and excellent discriminant 

ability to detect aspiration risk in this group of ALS patients, an important caveat to our 

findings is the fact that such a screening tool cannot and does not replace the need for a 

thorough clinical evaluation. Therefore, the EAT-10 is recommended to be incorporated in a 

complete clinical evaluation to provide additional information to aid clinical decision-

making processes. This is the first attempt to determine the discriminant ability of the 

EAT-10 in individuals with ALS with the need for future studies to add to this preliminary 

dataset in a larger cohort of ALS patients. Future work should incorporate more sensitive 

screening tools to detect the cognitive dysfunction that can accompany ALS rather then the 

MMSE utilized in the current study and could also elucidate if any differences exist in the 

discriminate ability of the EAT-10 in ALS patients with a bulbar onset versus those with a 

spinal onset in a larger cohort.

In conclusion, our study documents that EAT-10 scores can discriminate safe vs. unsafe 

ALS swallowers as well as non-aspirators vs. aspirators. This easy to administer validated 

patient self-report represents a useful screening tool yielding high clinical utility. Therefore 

we recommend its routine use in ALS MTD clinics to provide further information regarding 

swallowing and airway safety status in this vulnerable patient population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Messages

• Aspiration is prevalent in individuals with amyotrophic lateral sclerosis (ALS) 

and contributes to malnutrition, aspiration pneumonia and death necessitating 

accurate and timely identification of at risk individuals.

• The Eating Assessment Tool (EAT-10) represents a validated patient self-report 

scale that is quick and easy to administer in busy multidisciplinary ALS clinics. 

The aim of this investigation was to determine the discriminant ability of the 

EAT-10 to identify ALS patients with impaired airway protection during 

swallowing.

• Results demonstrate that the EAT-10 offers high discriminant ability to identify 

ALS patients who aspirate (sensitivity: 86%, specificity: 76%, negative 

predictive value: 95%).

• The EAT-10 represents a screening tool yielding high clinical utility in this 

challenging patient population and is recommended in multidisciplinary clinics 

to determine the need for further, more comprehensive, instrumental evaluation 

of swallowing function in this high risk patient population.
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Figure 1. 
Mean (SEM) Eating Assessment Tool (EAT-10) scores for ALS patients with safe 

swallowing (PAS≤2), penetrators (PAS:3–5) and aspirators (PAS≥6). * Indicates a 

significant difference (p<0.001).
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Figure 2. 
Receiver operator curves (ROC) for the ability of the EAT-10 to Identify ALS patients who 

A) penetrate or aspirate (PAS≥3) and B) aspirate (PAS≥6).

Plowman et al. Page 11

Neurogastroenterol Motil. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Plowman et al. Page 12

T
ab

le
 1

Su
m

m
ar

y 
of

 r
ec

ei
ve

r 
op

er
at

or
 c

ha
ra

ct
er

is
tic

 a
na

ly
si

s 
be

tw
ee

n 
1)

 S
af

e 
(P

A
S≤

2)
 v

s.
 U

ns
af

e 
(P

A
S≥

3)
 s

w
al

lo
w

er
s 

(f
ir

st
 r

ow
) 

an
d 

2)
 N

on
-a

sp
ir

at
or

s 
(P

A
S≤

5)
 

vs
. A

sp
ir

at
or

s 
(P

A
S≥

6)
 (

ro
w

 tw
o)

 u
si

ng
 a

 c
ut

 p
oi

nt
 o

f 
8.

A
U

C
Se

ns
it

iv
it

y 
(%

)
Sp

ec
if

ic
it

y 
(%

)
C

ut
 P

oi
nt

P
P

V
N

P
V

L
R

Sa
fe

 v
s.

 U
ns

af
e

0.
77

 (
0.

65
, 0

.8
9)

88
.0

 (
72

.0
, 1

00
.0

)
56

.7
 (

43
.5

, 6
9.

6)
3

52
.4

 (
44

.4
, 6

1.
8)

89
.7

 (
79

.2
, 1

00
.0

)
2.

0

N
on

-A
sp

ir
at

or
s 

vs
. A

sp
ir

at
or

s
0.

88
 (

0.
79

, 0
.9

7)
85

.7
 (

64
.3

, 1
00

.0
)

71
.9

 (
59

.7
, 8

2.
5)

8
42

.9
 (

32
.4

, 5
6.

5)
95

.5
 (

89
.1

, 1
00

.0
)

3.
1

A
U

C
: a

re
a 

un
de

r 
th

e 
cu

rv
e,

 P
PV

: p
os

iti
ve

 p
re

di
ct

iv
e 

va
lu

e;
 N

PV
: n

eg
at

iv
e 

pr
ed

ic
tiv

e 
va

lu
e;

 L
R

: l
ik

el
ih

oo
d 

ra
tio

.

Neurogastroenterol Motil. Author manuscript; available in PMC 2017 January 01.


