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Abstract A penetration—aspiration scale exists for
assessing airway protection in adult videofluoroscopy and
fiberoptic endoscopic swallowing studies; however, no
such scale exists for animal models. The aim of this study
was threefold: (1) develop a penetration—aspiration scale
(PAS) for infant mammals, (2) test the scale’s intra- and
interrater reliabilities, and (3) validate the use of the scale
for distinguishing between abnormal and normal animals.
After discussion and reviewing many videos, the result was
a 7-point infant mammal PAS. Reliability was tested by
having five judges score 90 swallows recorded with vid-
eofluoroscopy across two time points. In these videos, the
frame rate was either 30 or 60 frames per second and the
animals were either normal, had a unilateral superior lar-
yngeal nerve (SLN) lesion, or had hard palate local anes-
thesia. The scale was validated by having one judge score
videos of both normal and SLN lesioned pigs and testing
the difference using a ¢ test. Raters had a high intrarater
reliability [average x = 0.82, intraclass correlation coeffi-
cient (ICC) = 0.92] and high interrater reliability (average
Kk = 0.68, ICC = 0.66). There was a significant difference
in reliability for videos captured at 30 and 60 frames per
second for scores of 3 and 7 (P < 0.001). The scale was
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also validated for distinguishing between normal and
abnormal pigs (P < 0.001). Given the increasing number
of animal studies using videofluoroscopy to study dys-
phagia, this scale provides a valid and reliable measure of
airway protection during swallowing in infant pigs that will

give these animal models increased translational
significance.
Keywords Aspiration - Penetration - Airway protection -

Videofluoroscopy - Deglutition - Deglutition disorders -
Animal models

Penetration and aspiration can occur in the absence of
adequate airway protection during swallowing. Penetration
occurs when material passes into the airway but remains at
or above the vocal folds in the supraglottic space. Aspi-
ration occurs when material passes below the vocal folds
and into the trachea. In clinical studies of swallowing
dysfunction, the incidence of both penetration and aspira-
tion is associated with increased risk of developing pneu-
monia, which can be life-threatening [1]. The 8-point
penetration—aspiration scale (PAS) [2], used in clinical
research studies, is an established and validated instrument
for measuring the airway protection during swallowing
[3-7]. No such scale, however, currently exists for animal
models of swallowing dysfunction.

Animal models are an important tool for understanding
both normal and abnormal swallowing. Such models are
valuable for collecting data on swallowing dysfunction that
is not possible in humans for logistic and ethical reasons
[8-11]. For example, we can study swallow function in
animals using videofluoroscopy without the time limitation
that is necessary in clinical studies due to limits of radia-
tion exposure. This model also permits multiple and
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unlimited videofluoroscopy recordings over several days or
even months. In animal models, researchers can generate
pathological conditions through nerve lesions, anesthesia,
or other means and then test the effect of that specific
condition on function in the same individual [12, 13]. The
other advantage of animal models is the ability to control
extraneous and confounding factors that frequently
co-occur in human clinical conditions [14, 15].

A valuable animal model of studying infant swallowing
is the infant pig (Sus scrofa). The main reason for studying
infant pigs in swallowing dysfunction studies is because the
anatomy of the infant pig parallels other infant mammals.
This enables us to draw clinically relevant conclusions to
the treatment of human infants with swallowing dysfunc-
tion [16]. For example, a model of superior laryngeal nerve
(SLN) lesion in the infant pig is currently being used to
understand how loss of sensory information carried by this
nerve affects the motor control of swallowing [17, 18]. In
this model we have documented both penetration and
aspiration in the infant pig [17].

The aim of this study was to (1) develop a novel PAS for
the infant pig model of swallowing dysfunction based on
the standard clinical research scale, (2) assess the intra- and
interrater reliabilities, and (3) test the validity of this scale
for differentiating abnormal versus normal animals.

Methods

Summary of Methods Used for Unilateral SLN Lesion
and Palatal Local Anesthesia

The videofluoroscopic recordings utilized to develop this
scale and assess reliability and validity were from ongoing
studies in the lab. These methods are summarized below.

The pigs that had a unilateral SLN lesion had undergone
two surgeries. The pigs were 10—16 days old and 5-6 kg in
weight. During the first surgery they were given general
anesthesia (5 % isoflurane) and intubated and then under-
went surgery that lasted 3—5 h. During this surgical proce-
dure, electromyographic (EMG) electrodes were implanted
into hyolaryngeal muscles and a radiopaque marker was
sutured to the hyoid bone and thyroid cartilage. These
hyolaryngeal muscles include mylohyoid, genioglossus,
geniohyoid, digastric, thyrohyoid, sternothyroid, sternohy-
oid, and cricothyroid. After this surgical procedure was
completed, radiopaque markers were placed into the tongue,
gingiva, hard palate, and soft palate, and another radiopaque
marker was placed with an intraoral approach on the epi-
glottis. The animal recovered from surgery after 1-5 h and
was then fed swine milk formula (Land O’Lakes Solustart
Pig Milk Replacer) containing barium using a bottle with a
“pig nipple” (Nasco, Fort Atkinson, WI, USA). While the

pigs drank the formula, investigators recorded both lateral
videofluoroscopy at 30 or 60 frames per second and EMG
signals from the electrodes placed into the hyoid muscula-
ture. This first recording was for control data. After 1-2 days
the pigs underwent another surgery where the SLN was cut
on the right side before it branches into the internal and
external branches that supply the larynx and cricothyroid
muscles. After the animal recovered, the animal was again
fed using procedures identical to those for control data
collection. After all the necessary recordings were com-
pleted, the animal was euthanized and the locations of the
EMG electrodes and markers were confirmed by dissection.

The pigs that had palatal local anesthesia underwent
surgery to place EMG electrodes into their hyoid muscu-
lature and radiopaque markers were placed into the same
structures as in the SLN lesion pigs. Starting a day after
surgery, these pigs were fed while recording lateral vid-
eofluoroscopy and recording from the EMG electrodes at
four time points, 2 h apart over a day for control data. Early
the next day, the pigs were given a 0.5-ml injection of
0.5 % bupivacaine, a long-lasting local anesthetic, at three
locations: the nasopalatine foramen and left and right
greater palatine foramina. The technique used was a stan-
dard dental local anesthesia nerve block. Bupivacaine starts
being effective 15 min post injection and lasts for 3-5 h in
small dogs, which are considered comparable to infant pigs
because of their similar size [19]. Starting 1 h after the
nerve blocks, the animals were fed using the same proce-
dures used for the SLN lesion animals. They were fed four
times, every 2 h. Animals were counterbalanced so that
half of the pigs were recorded on day 1 post surgery with
no local anesthesia and on day 2 with local anesthesia,
while the other half were recorded on day 1 post surgery
with local anesthesia and on day 2 without local anesthesia.
After all the recordings were completed, the animals were
euthanized and the location of the electrodes and markers
were confirmed by dissection. All of these procedures were
approved by the Johns Hopkins Medical Institute IACUC.

Development of the Scale

In order to adapt the clinical PAS to the infant mammal, we
examined a number of infant pig videofluoroscopic images
of normal swallows as well as swallows with clear pene-
tration and aspiration. The infant pigs studied were all from
the previously described studies.

Our infant mammal PAS was based on the current
clinical 8-Point PAS [1] (Table 1). The result was a 7-point
infant mammal PAS (IMPAS) (Table 2). As with the
8-Point PAS, this scale was multidimensional. It took into
account the depth of the bolus into the airway, whether it
was above or below the vocal folds, and the animal’s
response to the bolus, whether it was expelled passively,
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Table 1 The 8-point

Material enters the airway, remains above the vocal folds, and is ejected from the airway
Material enters the airway, remains above the vocal folds, and is not ejected from the airway
Material enters the airway, contacts the vocal folds, and is ejected from the airway

Material enters the airway, contacts the vocal folds, and is not ejected from the airway

Material enters the airway, passes below the vocal folds, and is ejected into the larynx or out of the
Material enters the airway, passes below the vocal folds, and is not ejected from the trachea despite

Material enters the airway, passes below the vocal folds, and no effort is made to eject

Material is in the supraglottic space, remains above the vocal folds, and passively leaves the airway
Material is in the supraglottic space, a small amount remains above the vocal folds after epiglottis in
Material is in the supraglottic space, a larger amount remains above the vocal folds after epiglottis in
New material is in the supraglottic space, then passes below the vocal folds, and is actively ejected

New material is in the supraglottic space, then passes below the vocal folds and is not ejected from

. S Score Description
penetration—aspiration scale
(from Rosenbek et al. [2]) 1 Material does not enter the airway
2
3
4
5
6
airway
7
effort
8
Table 2 The 7-point infant .
. L. Score Description
mammal penetration—aspiration
scale 1 Material does not enter the airway
2
before the epiglottis returns to rest position
3
rest position
4
rest position
5
above the vocal folds
6
the trachea despite effort
7

New material is in the supraglottic space, then passes below the vocal folds, and no effort is made to

eject (silent aspiration)

actively, or not at all. Similar to the PAS used in clinical
research, our scale was ordinal, meaning that lower scores
represent less severe conditions (more airway protection
during swallowing), and higher scores reflect more severe
conditions (less airway protection during swallowing). S
description of each score is given below.

No Penetration

A score of 1 on the IMPAS is equivalent to the score of 1
on the clinical PAS (Table 1). During these swallows no
material enters the airway. The material, or in this case
milk, flows over the epiglottis as it moves caudally to
protect the airway (Fig. 1b).

Penetration

A score of 2 on the IMPAS is similar to the score of 2 on
the clinical 8-Point PAS. The score of 2 on the clinical
scale is when material enters the airway, remains above the
vocal folds, and then is ejected either passively or by a
cough. In the infant pig we observed a similar case where
material would enter the airway, remain above the vocal
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folds, and passively leave the airway, often before the
epiglottis returned to its upright position (Fig. 1c).

Scores of 3 and 4 on the IMPAS are similar to the score
of 3 on the clinical PAS. In the clinical scale, material
enters the airway and remains above the vocal folds. This
was also seen in infant pigs; however, we observed two
distinct conditions where milk remained above the vocal
folds. Occasionally, a very small amount of milk was seen
on the caudal side of the epiglottis by its base, forming a
small triangle (Fig. 1d). In other cases, a substantial
amount of material remained in the airway, above the vocal
folds; however, it was traveling toward the vocal folds
(Fig. le). Thus, we divided this category into two scores
because having more material closer to the vocal folds was
perceived as a more severe condition that would increase
the risk of aspiration as it does in human infants [20]. The
score of 3 indicates a small amount of material is above the
vocal folds on the inverse side of the epiglottis, forming a
small triangle by the base of the epiglottis, and a score of 4
indicates a large amount of material.

It is important to note that for scores 2—4, “material”
may be old or new material (Table 2). In clinical video-
fluoroscopic swallowing studies (VFSS), swallows are
often isolated; however, in the infant pig videofluoroscopy
recordings are made across a feeding session where there
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are multiple swallows per second with no break. As a
result, there is often milk residue in the airway from pre-
vious swallows. Since any milk in the airway above the
vocal folds was due to a failed swallow, it was determined
that it should be scored regardless of whether it was from a
previous swallow or the current swallow.

Aspiration

A score of a 5 or 6 on the IMPAS is similar to a score of 6
or 7 on the clinical 8-point PAS. A score of 6 on the
clinical PAS describes material passing below the vocal
folds and then being ejected into the larynx or out of the
airway. A score of 7 means material passed below the
vocal folds and was not ejected despite effort. Although we
did not observe a score of 6 or 7 in our videofluoroscopic
recordings, past observations of coughing in pigs with SLN
lesions meant that these two scores are possible. Further,
aspiration following sensory or motor nerve lesions could
trigger a coughing reflex that may or may not be success-
ful. For this reason a score of 5 on the IMPAS is when
material passes below the vocal folds and is ejected into the
larynx or out of the airway. A score of 6 is when material
passes below the vocal folds and is not ejected despite
effort. Silent aspiration is described as a score of 7 on the
IMPAS (Fig. 1f). This score is the equivalent of a score of
8 on the clinical 8-Point PAS. This was often seen after
nerve lesions in the infant pig model.

With scores of 5, 6, and 7, new milk must be visualized
moving from the supraglottic space to below the vocal
folds. There were some instances where milk from a pre-
viously failed swallow was visualized in the trachea,
moving above and then back below the vocal folds. This
was not scored a 5, 6, or 7 because for those scores new
material must be in the supraglottic space and then move
below the vocal folds. If material is in the supraglottic
space and joins milk residue from below the vocal folds,
forming a solid stream of milk, then it is aspiration and is
scored a 5, 6, or 7 depending on whether there is effort to
eject that material.

No equivalent score of 4 and 5 on the clinical PAS was
included in the infant pig scale because milk was always
clearly either above or below the vocal folds and never just
contacted them.

Guidelines for Users of the Scale

To ensure consistency and higher reliability, specific
directions were developed for the judges who were to score
videos. The swallow being scored begins at the start of the
epiglottal flipping (posterior/inferior movement) and ends

immediately before the next epiglottal posterior/inferior
movement. The rationale for this definition was that in
some cases the events leading to a score of 3, 4, or 7 did not
develop until after the epiglottis had returned to its upright
position but before the next swallow occurred. Judging was
also based only on a score where material was clearly
visible in the airway. Sometimes due to the poor quality of
the video, judges would describe seeing very small
amounts of residue of material in the airway. This resulted
in variable scoring of the videos. Judges were not permitted
to alter the contrast or brightness of the image since that
could alter the amount of material visualized or create
artifacts. When scoring videos, judges were given as much
time as needed to review the swallow and they could view
it multiple times and in slow motion.

Determining the Reliability of the Scale

To test the reliability of the IMPAS, five judges scored 90
videofluoroscopy recordings. Images of swallows were
randomly selected from ten infant pigs and 30 total feeding
sessions from the previously described ongoing studies.
From each feeding session, three swallows were randomly
clipped out of the sequence and separated into their own
video file.

The judges had various levels of experience and edu-
cation with respect to analysis of VFSS data, but all had
experience with either animal or clinical swallowing
research. The judges were given the 90 videofluoroscopic
recordings of individual swallows in a randomized order to
score using IMPAS. They were instructed to score all of the
videos within 48 h and then, as was done with the devel-
opment of the clinical PAS, to score them all again after a
2-week hiatus, also within a 48-h period [2]. The judges
were given the same set of videos for their second scoring
but in a different, randomized order. All videos were
viewed using MaxTRAQ ver. 2.2.4.1 (Innovision Systems,
Inc., Columbiaville, MI, USA). All judges also were given
the same five videos that were examples of scores 1, 2, 3, 4,
and 7 to reference during their scoring of the videos.

To assess inter- and intrarater reliabilities, Cohen’s
and two-way mixed intraclass correlation coefficient (ICC)
with absolute agreement were calculated using SYSTAT
13 (Systat Software, Inc., Chicago, IL, USA) and IBM
SPSS Statistics 20 (SPSS, Inc., Chicago, IL, USA),
respectively. Cohen’s k was also calculated by scale score
in order to determine if there were differences in the intra-
and interrater reliabilities based on each score. Rosenbek
et al. [2] used K to calculate reliability; however, we also
calculated ICC since the scale is ordinal and that calcula-
tion takes into account the degree of difference. Percentage
of agreement and the stratification of the scores were also
calculated. We also tested for statistically significant
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differences in the Cohen’s k score given for videos cap-
tured at 30 versus 60 frames per second using an analysis
of variance test (ANOVA) and post-hoc Tukey’s test. The
statistical analysis was carried out by an independent
investigator who had not judged the videos.

Assessing Validity of the Scale

A separate study was conducted to assess if the scale could
distinguish normal and abnormal pigs. A blinded judge, who
was not one of the five judges used to assess reliability,
scored 39 swallows from six intact infant pigs and 39 swal-
lows from three abnormal infant pigs. The abnormal pigs had
a unilateral SLN lesion. Each swallow was from a different
randomly selected feeding session. The scores were graphed
to see if there was a distinct difference in the scores between
normal and abnormal infant pigs. A two-sample ¢ test was
calculated to determine if the normal and abnormal pigs were
statistically significantly different with o set at 0.05.

Results
Reliability of the Scale

In an initial attempt to score the 90 videos using the IMPAS,
the intra- and interrater reliabilities were low and deemed
unacceptable. The intrarater reliability measured using
Cohen’s x averaged 0.65 and the interrater reliability ranged
from 0.36 to 0.67 with an average of 0.58. Following that
preliminary analysis, difficulties and problems with the scale
were discussed. Ten videos that were a source of significant
variation were reviewed by our group in order to better define
the seven categories. The subsequent clarification and revi-
sion to the scale resulted in the version presented here.

When the scoring was performed again, the results
showed much higher inter- and intrarater reliability scores.
Intrarater reliability calculations showed an average
Cohen’s k of 0.82 and an average ICC of 0.92 with 86 %
agreement (Table 3). The intrarater reliability by score was
calculated using Cohen’s k (Table 3) and showed higher
reliability for scores 1, 2, and 7 (0.90, 0.82, and 0.83,
respectively) compared to reliability for scores 3 and 4
(0.74 and 0.75, respectively). Interrater reliability, as
expected, was lower than the intrarater reliability. For the
first scoring, the average Cohen’s k value was 0.70 and the
ICC was 0.89. For the second scoring, the average Cohen’s
Kk value was 0.66 and the ICC was 0.87 (Tables 4, 5).
Cohen’s k values ranged from 0.65 to 0.76 for the first
ranking and from 0.58 to 0.84 for the second ranking. No
scores of 5 or 6 were observed by the judges.

In the first scoring, Cohen’s x for each score showed
higher reliability for scores 1, 2, 4, and 7 (0.86, 0.68, 0.67,
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Fig. 1 Videofluoroscopic images from each score on the 7-point
infant mammal PAS. a This videofluoroscopic image shows that the
epiglottis is in the upright position with milk in the valleculae right
before a swallow is initiated. The anatomy is clearly outlined and
labeled for orientation. b Milk is being emptied out of the valleculae,
the epiglottis is fully flipped to protect the airway, and milk continues
into the esophagus. This is a score of 1. ¢ The epiglottis has flipped
fully to protect the airway; however, milk penetrates the airway as
identified by the arrow. When the epiglottis returns to its rest position,
there is no milk left in the supraglottic space. This is a score of 2.
d The epiglottis is in its upright position after a swallow. The arrow
points to a small amount of milk visible on the caudal side of the
epiglottis forming a triangle at the base. When this occurs it is scored
as a 3. e The epiglottis has returned to its rest position after a swallow.
The arrow points at a large amount of milk residue left on the caudal
side of the epiglottis but above the vocal folds. This is scored as a 4.
f The epiglottis has flipped to protect the airway during the swallow.
Milk is clearly visible crossing the vocal folds and entering the larynx
and is identified by the arrows. The nipple is in the far right of all the
images and is labeled “N”
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Table 3 Intrarater reliability by score
Judge Agreement ICC Cohen’s Cohen’s k by scale score

—_— K

n % 2 3 4 5 6 7
1 75 83.33 0.87 0.78 0.90 0.82 0.68 0.65 - - 0.71
2 79 87.78 0.97 0.84 0.80 0.80 0.84 0.85 - - 0.96
3 82 91.11 0.96 0.89 0.92 0.87 0.86 0.87 - - 0.88
4 79 87.78 0.95 0.84 0.91 0.85 0.73 0.82 - - 0.86
5 72 80.00 0.87 0.74 0.94 0.77 0.57 0.58 - - 0.73
Average 77.4 86.00 0.92 0.82 0.90 0.82 0.74 0.75 - - 0.83

Percentage of agreement is shown for each judge between the first time they did the scoring and when they did scoring 2 weeks later. Cohen’s k

is also calculated overall and by score for each judge

Table 4 Interrater reliability for each pair of judges at first scoring

Judge pair 1-2 1-3 1-4 1-5 2-3 2-4 2-5 34 3-5 4-5 Average
Two scores agree

n 66 69 70 71 67 67 67 70 73 70 69.0

% 73.3 76.7 77.8 78.9 74.4 74.4 74.4 77.8 81.1 77.8 76.7
Number of scores that differ by

1 20 17 18 19 18 22 21 20 16 19 19.0

2 3 4 1 0 5 1 1 0 1 0 1.6

3 1 0 1 0 0 0 1 0 0 1 0.4

>3 0 0 0 0 0 0 0 0 0 0 0.0
Cohen’s k 0.65 0.70 0.71 0.73 0.67 0.67 0.67 0.71 0.76 0.71 0.70

This round of scoring was completed within 1 week of a training session for the judges where examples were reviewed. The average Cohen’s k
was 0.70 and the average percentage of agreement was 76.7 %. Most scores that did not agree differed by only one score

Table 5 Interrater reliability for each pair of judges at second scoring

Judge pair 1-2 1-3 14 1-5 2-3 2-4 2-5 3-4 3-5 4-5 average
Two scores agree

n 66 69 68 71 62 63 61 78 65 65 66.8

%o 733 76.7 75.6 78.9 68.9 70.0 67.8 86.7 722 72.2 74.2
Number of scores that differ by

1 20 19 22 14 22 24 24 11 20 21 19.7

2 4 2 0 3 5 3 3 1 4 3 2.8

3 0 0 0 2 1 0 2 0 1 1 0.7

>3 0 0 0 0 0 0 0 0 0 0 0.0
Cohen’s k 0.65 0.70 0.68 0.72 0.60 0.61 0.58 0.83 0.64 0.64 0.66

This scoring was completed 2 weeks after the first scoring. The average Cohen’s «k is lower but still acceptable at 0.66, with a percentage of
agreement of 74.2 %. As before, most scores that were not in agreement differed by one score

and 0.80, respectively) than for 3 (0.50) (Table 6). In the
second scoring, reliability was lower for scores 3 and 4
(0.46 and 0.59, respectively) than for scores 1, 2, and 7
(Table 7). An examination of the distribution and differ-
ences of scores between the first and second scoring
showed that if there was not agreement, they usually dif-
fered by only one score (Table 8).

There was no significant difference in Cohen’s « for videos
captured at 30 versus 60 frames per second (P = 0.16). When
comparisons were made by score, there were no statistically
significant differences in frame rate for scores 1, 2, and 4;
however, there was a statistically significant difference for
scores 3 and 7 (P < 0.001; Fig. 2). For a score of 3, the videos
captured at 60 frames per second had a significantly lower
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Table 6 Interjudge Cohen’s x

by scale score for first scoring ?;cil;ge Scale score
1 2 3 4 5 6 7

1-2 0.94 0.77 0.57 0.58 - - 0.73
1-3 0.90 0.64 0.46 0.63 - - 0.81
14 0.83 0.67 0.46 0.75 - - 0.81
1-5 0.86 0.70 0.58 0.70 - - 0.75
2-3 0.84 0.64 0.49 0.60 - - 0.73
2-4 0.88 0.62 0.31 0.71 - - 0.73

The interjudge k by score shows  2-5 0.85 0.59 0.44 0.66 - - 0.79

high reliability (0.60+) for 34 0.84 0.72 0.49 0.65 - - 0.86

scores, except for a score of 3,

which is more variable and has a 3-5 0.81 0.69 0.68 0.75 - - 0.94

lower average Cohen’s x value. 4-5 0.85 0.72 0.52 0.65 - - 0.81

There were no scores of 50r 6 Ayerage 0.86 0.68 0.50 0.67 - - 0.80

observed

Table 7 Interjudge Cohen’s x Judge Scale score

by scale score for second pair

scoring 1 2 3 4 5 6 7
1-2 0.77 0.61 0.45 0.52 - - 0.81
1-3 0.92 0.65 0.33 0.58 - - 0.89
14 0.82 0.62 0.40 0.68 - - 0.88

The interjudge Cohen’s « by 1-5 0.77 0.64 0.75 0.71 - - 0.81

score shows high reliability

(0.60+) for scores, except for 2-3 0.79 0.49 0.30 0.53 - - 0.81

scores of 3 and 4, which are 2-4 0.78 0.56 0.38 0.56 - — 0.69

more variable and have lower 2-5 0.72 0.48 0.49 0.55 _ _ 0.63

average Cohen's & values. This 5 0.89 077 075 0.84 - - 0.88

indicates that the training may

not be retained over 2 weeks 3-5 0.84 0.63 0.37 0.45 - - 0.68

and is important for scoring 3’s 4-5 0.89 0.65 0.35 0.47 - - 0.78

and 4’s. There were no scores of A yerage 0.82 0.61 0.46 0.59 - - 0.78

5 or 6 observed

Discussion

reliability than those captured at 30 frames per second (0.30
vs. 0.56). For a score of 7, the reliability of videos captured at
60 frames per second was significantly higher than that at 30
frames per second (1.00 vs. 0.693).

Validity of the Scale

When the IMPAS was used to score 39 swallows from intact
animals and 39 swallows from abnormal animals, there was
a clear difference in the distribution of scores (Fig. 3). In
intact pigs, 61.6 % scored a 1, 33.3 % scored a 2, 5.1 %
scored a 3, and none scored a 4 or a 7. Again, there were no
scores of 5 or 6. This was in stark contrast to what was
found for the abnormal pigs where 46.2 % scoreda 1,2.6 %
scored a 2, 7.7 % scored a 3, 2.6 % scored a 4, and 41.0 %
scored a 7. In addition, a two-sample ¢ test determined that
the normal and abnormal pigs were significantly different
(t = —4.89, P < 0.001). The mean for normal pigs was
1.42 with a standard deviation of 0.60 and the mean for
abnormal pigs was 3.72 with a standard deviation of 2.86.

@ Springer

The IMPAS will allow researchers to use the infant pig model
and other infant mammalian models for assessing the patho-
physiology of swallowing dysfunction and outcomes of reha-
bilitation. The Cohen’s x result was interpreted as follows:
0-0.20 = slight, 0.20-0.40 = fair, 0.40-0.60 = moderate,
0.60-0.80 = substantial, and 0.80-1.00 = almost perfect
strength of agreement [21]. The interrater reliability assessment
demonstrated substantial strength of agreement and the in-
trarater reliability demonstrated “almost perfect strength” of
agreement [21]. The ICCs for intra- and interrater reliabilities
were also very high (0.92 and 0.88, respectively). The interrater
reliability by score demonstrated that scores 3 and 4 were
harder to score reliably and that reliability decreased after the
2-week break. This underscores the importance of the training
of judges, especially when multiple judges are used. When the
scale is used, inter- and intrarater reliabilities should be cal-
culated and assessed to determine functional significance of
results.
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Table 8 Distribution of first and second grading scores for all raters collectively

Second grading First grading score

seore 1 2 3 4 5 6 7 Total % of total % Agree
1 75 4 79 29.3 94.9

2 9 68 1 1 79 29.3 86.1

3 3 29 4 37 13.7 78.4

4 3 36 5 45 16.7 80.0

5 0 0 0 0

6 0 0 0 0

7 1 1 28 30 11.1 933
Total 85 76 34 41 0 0 34 270

% of total 31.5 28.1 12.6 152 0 0 12.6

% Agree 88.2 89.5 85.3 87.8 0 0 82.35

Table shows the frequency of scores at the first scoring and 2 weeks later at the second scoring. No scores of 5 or 6 were observed
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Fig. 2 Distribution of intraclass correlation coefficients (ICCs) for
videos captured at 30 and 60 frames per second by 7-point infant
mammalian penetration—aspiration scale score and by video capture
rate. There is no significant difference in ICC between videos
captured at 30 and 60 frames per second for scores 1, 2, and 4. There
is a significant difference for scores 3 and 7 (P < 0.001)
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Fig. 3 Distribution of scores given to control animals and animals
with a unilateral superior laryngeal nerve lesion. The graph shows a
clear distinction between scores given to normal and abnormal
animals

A significant difference was found in reliability of the
IMPAS for videos captured at 30 versus 60 frames per second
only for scores 3 and 7. For scores of 7, although the difference

was statistically significant, it was most likely not functionally
significant since the reliability was still high (0.60+). For a
score of 3, there was lower reliability for videos at 60 frames
per second, which was not expected since these videos can
capture behaviors with a higher time resolution. A score of 3
may appear differently depending on the capture rate or res-
olution of the video. While clinical videofluoroscopic swal-
lowing studies utilize 30 frames per second for recording,
animal studies are able to take advantage of the 60-frames-per-
second setting that is an option on most videofluoroscopic
units. This suggests that the score of 3 needs to be defined
clearly to raters by having a detailed description of the size of
the bolus and having examples.

The data also showed that this scale can be used to
distinguish normal swallowing from abnormal swallowing.
The distribution of scores for normal swallows indicates
that scores of both 1 and 2 are seen and do not indicate a
pathological condition. A score of 2 occurred during
approximately one third of all swallows. Very rarely was
there a score of 3. Although a score of 2 is penetration, it is
often seen in normal pigs and may be a result of their
developing coordination between sucking, swallowing, and
breathing, although it is not observed in normal infant
feeding [22]. Both infant humans and pigs feed in an
upright position, so posture, or gravity, should not affect
the rate of penetration. The rate of scores of 2 in the nor-
mal, healthy infant pigs is a notable difference between
infant human and pig swallows. The rate of scores of 2 in
infant pigs is actually more comparable to that of adult
humans, who have scores of 2 normally in about 20 % of
swallows, and it does not indicate abnormal swallowing
[5]. In the experience of the authors, scores of 4 and 7 also
may occur in a normal, healthy animal, but these are
extremely rare conditions. The distribution of scores for
infant pigs with a unilateral SLN lesion shows more fre-
quent scores of 4 and many scores of 7, indicating silent
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Fig. 4 Schematic
representation of the 7-point
infant mammal penetration—
aspiration scale. This schematic
can be used by the judges as a l,
systematic way to approach
scoring the videos

Does material enter the supraglottic space
atany time during the swallow?

YES

Does material leave the supraglottic space
before swallow completion?

NO

|

Does material remain above the vocal

folds throughout swallow?

NO

|

Is there an attempt to actively eject the
material from the trachea ?

NO

|
[7]

aspiration. This difference was statistically significant
(P < 0.001) when tested using a two-way t-test. As the
infant pig model is used to model different causes of
swallowing dysfunction, this scale can be used to describe
the extent of airway protection.

We found that it is important for all judges to first
review the data and have a group discussion before doing
any scoring in order to maximize the reliability of the
results. After the judges scored the videos and the inter-
and intrarater reliability scores were low, we gave further
training based on that data in order to achieve high inter-
and intrarater reliability scores. After concluding the
assessment of inter- and intrarater reliabilities, a schematic
was developed to help train judges who will use this scale
in the future (Fig. 4). Because the IMPAS is a multidi-
mensional scale, it may help judges to score the videos.

It is important to note that this scale does not quantify all
possible events during swallowing; rather it groups them
into categories based on extent of airway protection.
Instead of grouping swallows as (a) normal, (b) having
penetration, or (c) having aspiration, the seven categories
described allow for a more precise description of the
swallow observed. While this study focused on using vid-
eofluoroscopy to assess swallow function, it should be
emphasized that videofluoroscopy should be used along
with other methods. Videofluoroscopy is essential for
visualizing penetration and aspiration; however, ultrasound
and electromyography are other important tools that can
allow researchers to understand the mechanisms of swal-
lowing dysfunction in animal models [23-25]. Endoscopy,
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a valuable research tool in humans, is not possible in many
animal models because of the extensive nasal conchae.
There are many opportunities for swallowing research to
advance by using the 8-Point PAS for the infant pig model.
This scale could be adapted for other infant mammal models
such as cats, rabbits, and monkeys, which are already being
used to study feeding and swallowing [26-28]. Mammals,
both infants and adults, share a common pharyngeal anat-
omy, with an intranasal larynx and a soft palate and epi-
glottis that contact [16]. Despite differences in chewing and
oral transport, it is expected that the same scores described in
the IMPAS would also be seen in other mammals since they
share a common pharyngeal anatomy. Using this scale, new
studies can be designed to further understand swallowing
neurophysiology by using a pathological animal model.
Along with other advanced technology, we can further
understand what causes penetration and aspiration.
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