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Abstract

Accurate detection and classification of aspiration is a critical component of videofluoroscopic
swallowing evaluation, the most commonly utilized instrumental method for dysphagia diagnosis
and treatment. Currently published literature indicates that inter-judge reliability for the identification
of aspiration ranges from poor to fairly good depending on the amount of training provided to
clinicians. The majority of extant studies compared judgments among clinicians. No studies included
judgments made during the use of a postural compensatory strategy. The purpose of this study was
to examine the accuracy of judgments made by speech-language pathologists (SLPs) practicing in
hospitals compared with unblinded expert judges when identifying aspiration and using the 8-point
Penetration/Aspiration Scale. Clinicians received extensive training for the detection of aspiration
and minimal training on use of the Penetration/Aspiration Scale. Videofluoroscopic data were
collected from 669 patients as part of a large, randomized clinical trial and include judgments of
10,200 swallows made by 76 clinicians from 44 hospitals in 11 states. Judgments were made on
swallows during use of dysphagia compensatory strategies: chin down posture with thin-liquids and
thickened liquids (nectar-thick and honey-thick consistencies) in a head neutral posture. The subject
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population included patients with Parkinson’s disease and/or dementia. Kappa statistics indicate high
accuracy for all interventions by SLPs for identification of aspiration (all K > .86) and variable
accuracy (range 69%—76%) using the Penetration/Aspiration Scale when compared to expert judges.
It is concluded that while the accuracy of identifying the presence of aspiration by SLPs is excellent,
more extensive training and/or image enhancement is recommended for precise use of the
Penetration/Aspiration Scale.
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Introduction

Methods

Videofluoroscopic imaging of oropharyngeal swallowing is a widely utilized instrumental
method for dysphagia diagnosis and treatment planning. Accurate detection and classification
of aspiration is a critical component of this procedure. Inter-clinician reliability in the
identification of aspiration using this radiographic procedure has been investigated by
others=>, A relatively small number of clinician judges participated in these studies with
varying amounts or no training and few videofluoroscopic evaluations were judged. No studies
were found that included more than 10 clinician judges, and with the exception of McCullough,
et al., all used clinicians from the same facility thus limiting generalizability of results.

A review of the relevant literature indicates that interobserver reliability ranges from poorl™
3 to fairly good.# McCullough, et al., reported only “moderate” interobserver reliability in the
identification of aspiration in one of 12 bolus conditions and either “slight” or “fair” reliability
with the other 11 bolus conditions. Additionally, that study reported poor reliability of scores
made by clinicians using the Penetration/Aspiration Scale (P/A Scale) to quantify the depth of
airway invasion and patient response.®:7 However, clinicians in that study were not pre-trained
relative to the criterion of the judgments. Scott and colleagues studied the effect of training
nine clinicians on the criteria used to identify aspiration along with other measures and reported
a significant improvement in reliability with training.8

Kuhlmeier, et al., used both speech-language pathologists (SLP) and physicians to evaluate
videofluoroscopic swallowing assessments and reported the greatest reliability for the
detection of aspiration with thin liquids compared with other materials including nectar-thick
liquid.3 In all of these published studies, a variety of barium materials were used in published
studies making comparisons difficult because of the lack of standardization.

The data presented here are from a large, NIH-funded multi-site clinical trial. Judgments made
by trained SLPs working in acute care settings were compared with judgments made by expert
judges at a central data collection laboratory. Judgments were made regarding the presence/
absence of aspiration and also the anatomic depth of airway invasion and patient response using
the P/A Scale.b:7

Relevant details of the design and methods of this clinical trial are reported in detail elsewhere
and are summarized here.? Inclusion criteria were a diagnosis of stable or progressive dementia
(Alzheimer’s type, single or multi-stroke type, or other non-resolving type) and/or Parkinson’s
disease, and an age range of 50 to 95 years. Participants were referred for a videofluoroscopic
swallowing study (VFSS) by their SLP who, after completing a non-instrumental swallow
screening, suspected aspiration with thin liquids. Bedside swallow symptoms warranting
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referral for instrumental evaluation included, but were not limited to throat clearing, cough,
choking, or wet/gurgly vocal quality during or after liquid swallows. Exclusion criteria
included confounding medical issues including current tobacco or alcohol abuse, head or neck
cancer, >20-year insulin-dependent diabetes, other progressive/infectious neurological
disease, or pneumonia within the last six weeks. Patients were eligible to participate in this
study if they were observed to aspirate thin liquids in the absence of any intervention during
the VFSS. Aspiration was defined as barium observed below the vocal folds.

Once eligibility was determined, patients were given one to three boluses each of 3ml from a
spoon and patient controlled amounts from a cup of standardized materials using the three
discrete interventions in random order (Table 1):

1. Thin liquid (Varibar Thin®) with chin down posture (15 centipoise (cP))

2. Nectar-thick liquid (Varibar Nectar®), swallowed in head upright (neutral) position
(300cP)

3. Honey-thick liquid, (Varibar Honey®), swallowed in head upright (neutral) position
(3000cP)

Clinician Training on Judgment of Aspiration and Use of P/A Scale

Prior to participation in the study, acute care clinicians completed two days of intensive training
at the Central Laboratory (CL) at the University of Wisconsin-Madison during which they
received instruction regarding the study design and data collection protocol including the
criteria for judging the presence of aspiration. Each clinician successfully passed a test (>90%
correct) for which they identified the presence or absence of aspiration on 25
videofluoroscopically-recorded swallows. Information regarding use of the P/A Scale was
considerably less intense and consisted of 20 minutes of instruction about the scale score
definitions and presentation of one videofluoroscopically recorded example of each score on
the scale.

The videofluoroscopic data recorded either on S-VHS videotapes or digitally on a Kay
Swallowing Workstation (KayPentax) were reviewed and judged by the treating SLP for the
presence/absence of aspiration. In addition, clinicians were asked to rate each swallow using
the P/A Scale (Table 2). The original tapes and digital images were then sent to the CL where
each swallow was analyzed for the same measures within 24 hours. Judges in the CL were
considered experts in using these measures as they completed rigorous training with one of the
developers of the P/A Scale using training tapes and achieved inter- and intra-judge reliability
of greater than 92%. The CL experts were not blinded to the clinician judgments because of
the need to remain oriented as to which bolus was being judged using the clinician’s form. If
a clinician and CL expert disagreed about aspiration and it was considered by the expert to be
adifficult swallow to judge, a second expert was asked to review the swallow and was blinded
to both the clinician and first expert’s judgments.

The equipment used in the CL was a Panasonic SVHS AG-7300 VCR that allowed for real
time, slow motion and frame-by-frame analysis. Enhancement of images was at the discretion
of the CL expert using an 1.Den Digital Time Base Corrector IVT-9Plus and modified SVHS
VCRs that allowed for contrast and intensity adjustment. Image quality did vary across the 44
sites; however, both the CL and the clinician judges viewed the same original images. Contrast
enhancement was not performed on the images recorded for the 4% (n=27) of patients who
used the Kay Digital Workstation due to instrumental constraints.

Seventy-six clinicians from 44 hospitals in 11 states collected data from 669 patients with a
total data set of 10,200 swallows on which the binary presence/absence of aspiration was
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judged. A subset of 50 clinicians also completed P/A Scale measurements for 369 subjects
(4,191 swallows) in addition to the presence/absence of aspiration. Informed consent was
obtained from all patients or from the patient’s representative and each clinical facility had
oversight by an Institutional Review Board (IRB) approved by the Office for Human Research
Protections and the Department of Health and Human Services (DHHS).

Statistical Methods

Results

Kappa statistics were used to determine the degree of accuracy between the ratings of the pooled
clinicians and the CL experts with regard to the presence of aspiration for each intervention
(overall and for each swallow condition) and Kendall’s tau correlations were used to compare
the accuracy between specific P/A score, where data were available.10-11 Chi-square statistics
were used to compare accuracy across categories, including: age, gender, race, education,
presence of gastrostomy, diagnosis, and order of administration of the swallowing
interventions. There was no adjustment for multiple comparisons. All statistical analyses were
done by using SAS software, version 8.2 (SAS Institute, Cary, North Carolina).

Demographic characteristics have been shown previously for this cohort.12 Briefly, 70%
percent were male, 59% were age 80 years and older, 15% were minorities, and 63% graduated
from high school. Forty-nine percent had some form of dementia, 32% had Parkinson’s disease
without dementia, and 19% had Parkinson’s disease with dementia.

Table 3 shows the agreement between the clinician’s assessment and the expert’s assessment
of aspiration on each intervention (chin down posture with thin liquid, nectar-thick liquid or
honey-thick liquid) both overall (i.e., on either swallow condition) and within each type of
swallow condition (3ml or cup). Agreement was very high for each intervention overall (K
=0.89 for chin down, K=0.89 for nectar-thick, K=0.86 for honey-thick) and high for both the
3ml swallows (K=0.79 for chin down, K=0.78 for nectar-thick, K=0.77 for honey-thick) and
the cup swallows (K=0.85 for chin down, K=0.84 for nectar-thick, K=0.79 for honey-thick).

Table 4 shows the agreement between the SLP and CL expert assessment of aspiration on each
swallow intervention across various categories (i.e. sex, age, race, order of administration).
There was no difference in Kappa statistics between subject categories. An examination of
categorical differences within each swallow condition (3ml and cup) reported similar results
(not shown).

Table 5 shows the agreement between the clinician’s and the CL expert’s assessments of the
P/A scores for the same swallow across interventions and conditions. Agreement is similarly
high for each intervention regardless of swallow condition (t range: 0.73 to 0.81). Overall,
exact agreement ranged from 69%-76% between the clinician and CL expert on the P/A scale
score. Allowing for up to a one-step difference in the P/A improved the accuracy to 81%-86%
across interventions and conditions. Within the chin down intervention, exact agreement was
more likely to occur when the clinician gave a P/A score of aspiration (6-8). On the nectar-
thick and honey-thick interventions, exact agreement was most likely to occur when the
clinician initially gave a P/A score of no penetration (1) and least likely to occur when the
clinician gave a P/A score of penetration (2-5), the disparity being far greater for the honey
thick intervention. There were no categorical differences (age, gender, etc.) with respect to
accuracy (data not shown).
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Discussion

High accuracy by trained SLPs for identification of aspiration and variable accuracy
quantifying airway invasion using the P/A Scale was found on a series of videofluoroscopic
swallowing evaluations as part of a large, multi-site clinical trial. While studies of interobserver
reliability have been published with varying results — many indicating poor reliability - this
study of the accuracy of clinicians in identifying and scoring aspiration and penetration
compared with an expert is by far the most encouraging and the largest of its kind including
76 clinicians from 44 hospitals in 11 states judging over 10,000 swallows. This design was
chosen so that the accuracy of scores relative to a standard could be quantified, rather than
basing reliability on ratings between non-expert clinicians.

One recent study by Kelly et al. also reported encouragingly high interrater reliability (.79)
compared P/A scores from videofluoroscopic images of two boluses for fifteen patients (30
total swallows) and rated by fifteen SLPs.> While the amount of pre-training regarding the P/
A scale was not specified, the study did report the amount of SLP experience as 6.0 mean
examination-years (one examination-year represents one examination performed and
interpreted per week for one year — approximately 50 examinations), the P/A scores were
reported as means and thus a detailed analysis of how reliability varied across the 8-point scale
was not represented. Another key difference in this study, as with many others, is that non-
expert SLP scores were compared with each other rather than with an expert indicating that
while the judgments are consistent, determination of accuracy must be inferred.

The study herein was the only one found which included accuracy of judgments using a
compensatory postural strategy. Results indicated that clinicians were as accurate identifying
aspiration when patients were using the chin down posture as when the patient was in a head
neutral position. [Move this next sentence?] As one of the primary purposes of the
videofluoroscopic evaluation is assessing the effectiveness of compensatory strategies, it is
reassuring now to be able to place confidence in the judgments of trained SLPs. Standardization
of materials presented was achieved by using pre-packaged barium materials (E-Z-EM
Varibar®) with known and consistent viscosities. While the present findings were limited to
liquids, further examination of semi-solid and solid materials is warranted.

We found a high rate of agreement between the clinician and the CL experts for assessment of
aspiration vs. no aspiration. Kappa statistics for overall aspiration were slightly higher than the
kappa statistics for either swallow condition (3ml or cup), as the subject could aspirate on either
type of swallow to be considered an aspirator on that intervention. The agreement was
substantially high so as to make it unlikely that there could be differences among patient
characteristics or order of bolus administration. Due to study design requiring the CL expert
to evaluate the exact same swallows as the SLP within 24 hours of tape arrival to ensure
participant safety, CL experts were not blinded to the judgments made by clinicians, which
could also add to the high rate of accuracy. The CL experts had the ability instrumentally to
enhance the videofluoroscopic images and improve contrast/brightness. Even in light of this
ability by the CL to potentially make more accurate judgments, the agreement with clinicians
continued to be excellent. It stands to reason that if the SLPs had the ability to enhance the
images, their accuracy would be even higher.

P/A Scale Scores were determined about 41% of the time by clinicians. It was not a protocol
requirement that they complete the measure, although they were encouraged to do so. While
clinicians received minimal training in using the P/A scale, the level of accuracy was relatively
high (tau correlations between 0.73 and 0.81) particularly at the high and low range of scores.
Overall accuracy within one step using the P/A Scale was 81%-86%. It is unclear whether this
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high level of accuracy was a true measure of clinician capability, or a function of clinician
selectivity (i.e., potentially choosing to send scores for patients with easier swallows to judge).

Of note is that accuracy using the P/A Scale was considerably less for the mid-range of the
scale in scores of four or five. Scores of four and five, indicating deep penetration, are relatively
rare in that they accounted for no more than 6% of all scores. The infrequency of these two
scores is consistent with what the original authors of the P/A Scale reported.5:7 It could be that
accuracy of judgments decreases when clinicians have less frequent opportunity to use the
scores. Also, deep penetration is likely to occur with small amounts of barium so the experts’
ability to enhance the contrast may have played a role in the discrepancies between clinician
and expert.

On chin down interventions, exact agreement was more likely to occur when the clinician gave
a P/A score of aspiration (6-8) (77%). A likely reason is that the trachea (where aspiration is
scored) is comparatively more visible and less directly affected by the postural change as
compared to the laryngeal vestibule (where penetration is scored), which may be more
challenging. This would be consistent with prior studies that reported decreased distance
between epiglottis and posterior pharyngeal wall with the chin down posture.13:14 Measures
of the anatomic movements relative to chin down posture and head neutral are forthcoming
from this large, randomized clinical trial and hopefully will provide additional insight into
these results.

Exact accuracy on the nectar and honey interventions was most likely to occur when the
clinician gave a P/A score of no penetration (77% and 86% respectively) and least likely to
occur when the clinician gave a P/A score of penetration (2-5) (69% and 61% respectively).
Typically, the penetration scores by the SLP were 2 or 3, so this may be a function of not being
able to differentiate between no penetration and minimal penetration.

The value of the P/A Scale is its ability to more discretely quantify swallowing than the typical
gross categories of only the presence or absence of aspiration. Therefore, these findings suggest
the need for additional clinician training and/or image enhancement when using the P/A Scale
to achieve the reliable assignment of scores (particularly in the mid-range scores) and guide
best dysphagia management.

Overall, this study supports the conclusion that trained speech-language pathologists can and
do make more reliable judgments of aspiration than has been previously reported for untrained
clinicians. Furthermore, since only 20 minutes of training yielded the encouraging result of
69%—76% overall accuracy using the P/A Scale, further investigation of more intensive training
to raise the accuracy of P/A scores and improve dysphagia diagnosis, treatment and
communication among practitioners is warranted. Additionally, these data provide critical
quantitative evidence of professional quality to our colleagues, funding sources and third party
payors which may prove crucial in the ever-evolving healthcare environment..
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Interventions

Table 1

Head Posture

Presentation

3ml Uncontrolled amount
Thin liquid (Varibar Thin®) Chin-down spoon cup
Nectar-thick liquid (Varibar Nectar®) Neutral spoon cup
Honey-thick liquid (Varibar Honey®) Neutral spoon cup
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Table 2
Penetration/Aspiration Scale®:’
Category Score Descriptions
No
Penetration 1 Contrast Does Not Enter the
or Airway
Aspiration

P 2 Contrast Enters the Airway,
E Remains Above Vocal Folds, No
N Residue

E

T 3 Contrast Remains Above Vocal
R Folds, Visible Residue Remains
A

T 4 Contrast Contacts Vocal Folds,
I No Residue

o 5 Contrast Contacts Vocal Folds,
N Visible Residue Remains

A 6 Contrast Passes Glottis,

IS’ No Sub-Glottic Residue Visible
| 7 Contrast Passes Glottis,

R Visible Sub-Glottic Residue
A Despite Patient’s Response

rf 8 Contrast Passes Glottis,

o Visible Sub-Glottic Residue,
N Absent Patient Response
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Comparison of agreement between clinician’s assessment and the central laboratory’s expert assessment of

aspiration across categories, by intervention.

Intervention

Category Chin Down Nectar-thick Honey-thick
Overall Kappa 0.89 0.89 0.86
Gender ™

Female 0.85 0.86 0.82

Male 0.91 0.90 0.88
Age *

55-79 0.92 0.89 0.90

80-95 0.87 0.88 0.83
Race ™

White 0.90 0.89 0.86

Non-white 0.87 0.87 0.88
Education ™

< HS Graduate 0.85 0.90 0.84

HS Graduate 0.88 0.84 0.87

Some college 0.93 0.92 0.88
Gastrostomy *

No 0.90 0.89 0.87

Yes 0.82 0.88 0.84
Diagnosis *

Parkinson’s disease 0.91 0.89 0.93

Dementia 0.87 0.90 0.81

Parkinson’s disease with dementia 0.90 0.85 0.87
Order of administration™

First 0.90 0.93 0.90

Second 0.87 0.89 0.88

Third 0.90 0.83 0.80

*
There are no statistically significant associations (p-value > 0.05 for all).

Dysphagia. Author manuscript; available in PMC 2010 June 1.



Page 12

Hind et al.

6L 88T 99 1GT 1€¢ uoljeJlausd

88 89T LL 6ET 08T uonesnsuad oN dno ‘JejoaN
180 uolIe|a410d Ne |

98 (011 TL Lyy 929 1[e13AO

L8 L6T LL S7A yx44 uonesidsy

8 Y61 89 29T 8€¢ uolelauad

€6 6T 89 01T 19T uonensuad oN dnd ‘umop ulyo
€L'0 UoIe[2.4109 Ne |

€8 S€9 €L G99 69. 1[eIBAO

9. 8€T €L (44 18T uonesdsy

8L 0€T 89 16 99T uolyenauad

18 L9¢€ 08 9€e (444 uonensusd oN Jwg ‘AsuoH
v.'0 UOIIe[2.1109 Ne L.

¥8 029 0L 451 SEL 1[eIBAO

9. 6€T 69 erA 28T uoneldsy

Z8 8.1 19 (44 1T¢ uoljeJiausd

06 €0g 9L GS¢ 9ee uonessuad oN Jwg ‘JejoaN
110 UOIe[31100 Ne |

98 8¢9 69 T0S 6¢L 1[N0

8 6T LL A T€C (8-9) uoneuidsy

€8 L02 €9 66T 8ve (§-2) uonenauad

16 Lee L9 89T 0S¢ (1) uonenausd oN JWeg ‘umop-uIyo

% N % N SJualled  JUBWISSASSY UeIDIUI[D  UOIIPUOD ‘UOIIUBAIRIU|

Z90UaIa1a
ders sup 01dn

Yare 10ex3

184025 dse-uad o spuswissasse
AJoyeloqe] [e43uad pue ueldIuld

UaM18q JusWaabe Jo [aAsT]

"UOIUSAIRIUI

Aq $9103S 3[eaS uoneIIdsSy-UoIje11auad JO JUaWSSasse 1adxa s, A101eloge] [e41Uad ay] PuR JUSLLISSASSE S, URIDIUIID Usamiag Juswaalbe Jo uostedwo)

NIH-PA Author Manuscript

G ajqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Dysphagia. Author manuscript; available in PMC 2010 June 1.



Page 13

Hind et al.

31295 \//d 8} UO dals U0 A[10EX8 SeM 30UBIBJHIP S} BI3YM S3DUBISUI [[B PUB YOJBL J0BXd JO S30UBISUI |[e Sapnjou]

4

*3]BOS \//d 8} U0 BUO JO 90UBJBMIP E Seredlpul 19 8yl Ag €
pue UBIDIUIND 3y} AQ Z JO 8109S © SealayMm ‘Jusluasife 10exa saledlpul O ayl AQ € pue UBIDIUIND a1 Ag € 40 8109s & 63 "D 8y} pue UBIdIUI 3y} Ag pauBisse anjeA aeds /d 19exa sy} uo paseq si Juawaalby

T
LL°0 uolIe|94100 Ne |

a8 €09 9. g 80. 1181970

08 19T 9. 2sT 102 uoneldsy

Ll 9zT 09 16 €91 uonensusd

26 91 98 162 rve uonensuad oN dno ‘AsuoH
9.0 uolIe|a.410d Ne |

18 10§ TL 1127 29 IleJ3n0

8L 19T 0L GYT 102 uonesidsy

% N % N Sjualled  JUBWISSISSY ueldiul|D uoI1PUOD ‘UOIIUBAIRIU|

Zouaiaa
dais sup 01 dn yore 10ex3

124025 dse-uad Jo syuswissasse

AJ10110QR] [R41UBD PUE UBIDIUID
U3am1aq JusWaabe Jo [aAaT]

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Dysphagia. Author manuscript; available in PMC 2010 June 1.



