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Abstract

Objective Carbonation as a sensory enhancement strategy for prevention of aspiration of thin liquids has not been thoroughly
studied. The aim of our study was to examine the effect of carbonation on penetration—aspiration and pharyngeal residue in
dysphagia patients using Fiber-Optic Endoscopic Evaluation of Swallowing (FEES) and to identify parameters associated
with a response to carbonation.

Methods A cross-sectional study of patients undergoing FEES in a dysphagia clinic. Patients were offered 100 cc of dyed
water. Penetration—aspiration was scored using the penetration—aspiration scale (PAS). Residue was scored using the Yale
Pharyngeal Residue Severity Rating Scale (YPR-SRS). Patients with a PAS > 2 for water were subsequently offered 100 cc
of carbonated water. PAS, YPR-SRS and residue clearance were compared between thin and carbonated liquids. Multivariate
logistic regression analysis was used to identify predictors for good response to carbonation.

Results 84 patients were enrolled, 77.4% males, with diverse dysphagia etiologies (58.3% neurogenic, 11.9% radiation-
induced, 23.8% deconditioning-induced, and 6% neck surgery induced). Median PAS was 7 (IQR 4-8) for thin liquids and
4.5 (IQR 2-8) for carbonated liquids (P =0.0001). YPR-SRS was reduced for carbonated compared to thin liquids in the
vallecula (1.58 +0.83 vs 1.76 +0.93, P=0.001) and piriform sinuses (1.5+0.87 vs 1.67+0.9, P=0.002). 31 patients had
improvement in PAS with carbonation. Deconditioning as a dysphagia etiology was found to predict good response to car-
bonation on multivariate logistic regression analysis.

Conclusion Carbonation may prevent aspiration and improve residue management for some patients with dysphagia for
liquids.

Level of evidence IV.

Keywords Carbonation - Dysphagia - Deglutition - Aspiration - Residue - FEES

Sensory enhancement strategies (SES) are a known reha-
bilitation tool in dysphagia management [1]. The sensory
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input influences multiple neural pathways and modulates
all phases of the swallowing reflex by effecting swallow ini-
tiation, timing and intensity [2—6]. SES can be achieved by
thermal, tactile, gustatory and electrical stimulations [7—11].
These stimulations elicit wider recruitment of sensory recep-
tive fields which in turn induce greater muscle recruitment
and a stronger swallow [11].

Carbonation has been explored as a SES with effects on
multiple sensory pathways, including mechanical perception
of the CO, bubbles, nociception and chemical perception of
carbonic acid, a byproduct of CO, metabolism [12—-14]. Its
palatability has made it an easily applicable SES in the clinical
setting [9, 15-20]. Studies exploring the effects of carbonation
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on swallowing physiology have shown conflicting results,
probably due to methodological variability [21]. Nonetheless,
available data suggest that carbonation increases lingual-pala-
tal pressure intensity and duration, reduces laryngeal elevation
duration [22, 23], and modulates higher cortical swallowing
behaviors [24, 25].

All clinical studies addressing the effects of carbonated
liquids to date have utilized video-fluoroscopic swallow study
(VESS) in their methodology. However, barium does not
share all the properties of thin liquids [17, 26, 27], and this
is especially true for carbonated liquids, given the technical
challenges of carbonizing barium [21]. This limitation can be
overcome by evaluating effects of carbonized liquids on dys-
phagia using Fiberoptic Endoscopic Evaluation of Swallow-
ing (FEES). However, to the best of our knowledge, no such
studies were published.

Studies examining the effects of carbonation on dysphagia
have shown that benefit from carbonation is not uniform for
all patients [15-20]. Patients with neurogenic dysphagia are
the main population which showed benefit from carbonation
[17-20]. Only one study to date attempted to explore factors
that can predict which patients will benefit from carbonation.
Turkington et al. attempted to identify predictors for response
to carbonation in a neurogenic dysphagia patient group and
found no significant predicting factors [20]. We hypothesized
that carbonation, being a SES, will be found most beneficiary
in patients who have impairments in their sensory pathways.
However, it is not clear exactly which elements of the aer-
odigestive tract are most excited by carbonation. While taste
receptors exist mainly in the oral cavity, nociceptors and mech-
anoreceptors are abundant throughout the larynx and pharynx
as well [28]. There are studies showing that the genetic tasting
profile influenced response to chemotactic stimuli including
carbonation [29, 30], suggesting the oral cavity is the main
area that perceives carbonation. However, Turkington et al.’s
study did not show patients’ genetic tasting profile predicted
response to carbonation [20]. Whether impairment in laryngeal
sensation effects response to carbonation has yet to be studied.

The aim of our study was to examine the effects of carbona-
tion of thin liquids on penetration/aspiration, residue severity
and residue clearance in patients with dysphagia and to iden-
tify clinical parameters associated with responses to carbona-
tion using FEES.

We hypothesized that (1) carbonation will contribute to pre-
vention of aspiration in patients with dysphagia and that (2) the
effects of carbonation will be most prominent in populations
with impaired laryngeal sensation.
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Methods

This study was a cross-sectional study. Patients were
recruited from the Sheba Medical Center Dysphagia Clinic
during 2017-2018. Exclusion criteria were age < 18 years.
The study was approved by the institutional review board.
All patients signed an informed consent form. Data col-
lected included age, sex, Functional Oral Intake Score
[31], Eating Assessment Tool-10 (EAT-10) score [32] and
etiology of dysphagia.

All patients underwent a full history, physical exami-
nation and a FEES. Laryngeal anatomical abnormalities,
such as vocal cord paralysis and post-operative changes,
were documented.

Dysphagia etiology was divided into 4 categories: (1)
Neurogenic dysphagia, defined as dysphagia secondary
to neurological insults, such as cerebrovascular accidents
(CVA), traumatic brain injury, neuromuscular or neurode-
generative disorders; (2) dysphagia secondary to head and
neck cancer and radiation, (3) dysphagia related to decon-
ditioning, defined as dysphagia associated with reduced
biological reserve and general deterioration without a
direct insult to the swallowing mechanism [33]. Patients
included in this group suffered from multiple and/or severe
systemic morbidities, such as non-H&N oncological dis-
eases, extensive surgery or prolonged intubation, frailty
and old age, cognitive deterioration or prolonged immo-
bility; (4) dysphagia related to non-oncologic surgery of
the head and neck, such as vascular or orthopedic surgery.

A flexible digital video-rhinolaryngoscope (Pentax Fiber
naso-pharyngo-laryngoscope FNL 15RP3, Japan, or Storz
video-rhinolaryngoscope VP 11101, Germany) was passed
through the most patent naris with administration of a trace
amount of topical anesthetic (2% Lidocaine hydrochloride
gel) to coat the laryngoscope, which has been shown not
to significantly alter the FEES results [34, 35]. Laryngeal
sensation was evaluated by gently touching both arytenoids
up to two times and noting laryngeal adductor reflex (LAR)
or cough. If no response was elicited after touching the
arytenoids, the laryngoscope was advanced to lightly touch
the true cords. A score of 1-3 was assigned to laryngeal
sensation. Elicitation of the LAR with light touch of the
arytenoids was scored 1, LAR elicitation with touch of the
true cords was scored 2 and absence of LAR or cough after
touching the true cords received a score of 3. A laryngeal
sensation score of >2 was considered abnormal sensation.

Secretion stasis was scored using the Murray secretion
scale (MSS) [36]. An MSS score of > 1 was considered
abnormal. Both laryngeal sensation and MSS were scored
prior to initiation of bolus challenges.

Aspiration was evaluated using the Penetration—Aspi-
ration Scale (PAS) [37]. The worst PAS observed during
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each liquid challenge was the PAS assigned to that chal-
lenge. PAS scores were categorized into normal/near nor-
mal (score 1 or 2), penetration (score 3-5), and aspiration
(score 6-8).

Residue was scored using the Yale Pharyngeal Residue
Severity Rating Scale (YPR-SRS) [38]. The worst YPR-SRS
noted during the bolus challenge was the score assigned to
that challenge. To represent the efficiency of the residue
clearance, we used the previously published method [39,
40] of scoring the number of swallows the patient required
to reach a 2 > YPR-SRS in each site (vallecula/pyriform
sinuses). If the patient reached the goal 2> YPR-SRS in 1-2
swallows, the bolus challenge received a score of 1, and if
in 3-5 swallows, a score of 2. If more than 5 swallows were
required to reach YPR-SRS >2, a score of 3 was given, and
if the goal of 2> YPR-SRS was not reached despite multiple
swallowing attempts, a score of 4 was given.

Each FEES was video-recorded and scored by two exam-
iners simultaneously during or shortly after the completion
of the FEES. The examiners included an Otolaryngologist
and a speech language pathologist, both with over 5 years
of experience in interpreting FEES. Any disagreement on
the score for sensation, MSS, aspiration, residue severity or
residue clearance was resolved by consensus after reviewing
the FEES recordings.

Patients who were consuming thin liquids prior to FEES
were presented with a 100 cc thin liquid in a cup as the first
bolus challenge. If the PAS for thin liquids was 2 >, they
were presented next with a 100 cc carbonated liquids in a
cup as a second bolus challenge. Patients who were not con-
suming thin liquids prior to FEES were first presented with
a purée consistency (Y2 and 1 tea spoon of puréed apples
(IDDSI=3), and only if they demonstrated safe swallows
(PAS < 6) were then presented with thin liquids, followed
by carbonated liquids. Patients who did not receive a thin
liquid challenge were excluded from the study.

The thin liquids challenge was performed with filtered
tap water colored with blue food dye in room temperature
(approximately 23 °C). The carbonated liquids were made
from water from the same tap which was inserted into a
SodaStream® (SodaStrem International Ltd., Pepsico, Israel)
machine set at maximum carbonation. Carbonated water
was also dyed blue. Patients were offered the cups and were
encouraged to drink as they liked, either continuous or single
sips. Patients who demonstrated severe aspirations during
the thin liquids challenge (PAS,,;,>7) were instructed to
stop drinking even if they did not completely empty the cup.

To explore for factors associated with response to car-
bonation, participants were classified as “responders” and
“non-responders” based on their change in PAS with car-
bonation. There is debate in the literature on how to use
and analyze the PAS to best represent clinical dysphagia
[41, 42]. Categorization of PAS, as opposed to its use as

an ordinal scale, makes less statistical assumptions on the
scores of the PAS and may offer more clinically meaningful
results, but this might come at the expense of sensitivity of
detecting subtle differences between scores. We therefore
utilized two forms of definition for response to carbonation.
In the first, responders were defined as patients who dem-
onstrated lower PAS with carbonation (PAS_,,) compared
to PAS for thin liquids (PAS;;,), i.e. PAS;;,>PAS_, ;. Non-
responders were defined as patients demonstrating no change
in PAS or worse PAS with carbonation (PAS;; <PAS_ ).
In the second definition method, responders were defined
as a patient exhibiting improvement in PAS category. Non-
responders were defined as patients showing no change in
PAS category or had worsening of PAS category.

Statistical analysis was performed using SPSS version
21.1 (IBM, Armonk, NY, USA) and SAS 9.4 (SAS Institute
Inc., Cary, NC). Continuous variables were described as
median and interquartile range or mean and standard devia-
tion. Categorical variables were described using numbers
and percentage. The differences of continuous variables on
categorical variables were compared by Wilcoxon’s rank-
sum test or Kruskal-Wallis test, and the association between
categorical variables was evaluated by Fisher’s exact test.
Paired continuous variables were compared using Wilcox-
on’s signed rank test, and the agreement between paired cat-
egorical variables was compared using Stuart—-Maxwell test
or McNemar test, depending on the number of categories.
Multivariate Logistic regression was performed to explore
predictors for a dichotomized response to carbonation. All
tests were two-tailed and a P value of 0.05 or less was con-
sidered statistically significant.

Results
Population

Eighty-seven patients were recruited to the study, 3
were excluded for aspiration of purée. Of the 84 patients
remaining, 65 (77.4%) were males, with a mean age of
66.6 + 13.7 years. Dysphagia etiology was diverse. Table 1
describes the characteristics of the study population. The
group with deconditioning-induced dysphagia was sig-
nificantly older than the other etiology groups (P=0.02).
There were no other significant differences between etiol-
ogy groups for sex, FOIS, laryngeal sensation, MSS and
EAT-10 scores.

Carbonation effect on aspiration

Median PAS;; was 7 (IQR 4-8) and PAS , , 4.5 (IQR 2-8).
PAS;, was significantly higher than PAS_,, (P <0.0002,

carb
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thin liquids carbonated liquids

Fig. 1 Comparison of Penetration—Aspiration Scale between thin and
carbonated liquids. PAS Penetration—Aspiration Scale. Results are for
the entire patient cohort (n==84). P=0.0002 (Wilcoxon rank test)

Wilcoxon signed-rank test). Figure 1 presents the PAS,;;,
compared to PAS_, ;.

When comparing PAS of each dysphagia etiology, only
patients with deconditioning showed significant reduction
in PAS in response to carbonation. The neurogenic dyspha-
gia group showed nearly significant reduction in PAS with
carbonation. Patients with dysphagia secondary to H&N
oncology and radiation or non-oncologic neck surgery did
not show a significant reduction in PAS in response to car-
bonation. Table 2 and Fig. 2 present the PAS ;. and PAS
for the different dysphagia etiology groups.

carb

Carbonation effect on pharyngeal residue severity
and clearance

Mean YPR-SRS and clearance scores for the vallecula
and pyriform sinuses were lower for carbonated compared
to thin liquids (P =0.002 and 0.003 for YPR-SRS and
P=0.02 and 0.008 for residue clearance scores, respec-
tively, Wilcoxon signed-rank test). Analysis of each eti-
ology group separately yielded significant reduction of
YPR-SRS for the neurogenic dysphagia group in both

the vallecula and piriform sinuses, and nearly significant
reduction in piriform sinus residue severity for the decon-
ditioning group. There was significant improvement in
piriform sinus clearance scores for the deconditioning
group and nearly significant improvement in vallecula
clearance scores for the neurogenic group. Table 3 pre-
sents the comparison between residue severity and resi-
due clearance scores between thin and carbonated liquids
for the entire cohort and each etiology group.

Response to carbonation

Applying the first definition for “responders”, 31 patients
were “responders” (i.e. PAS,. >PAS_ ;) and 53 were “non-
responders” (6 patients with PAS;; <PAS_ ., and 47 with
PAS;,=PAS_,). Figure 3 presents the distribution of
responses to carbonation in the study cohort.

There were significantly more subjects with decondition-
ing-induced dysphagia in the responders group (P =0.03).
There were no significant differences in the other charac-
teristics compared between responders and non-responders,
such as age, sex, laryngeal anatomy, laryngeal sensation,
EAT-10, FOIS or MSS. Table 4 presents the characteristics
of responders and non-responders. The mean age of the 6
patients with PAS . <PAS_ . was 50.3 years. 5 of them had
neurogenic causes for dysphagia (myotonic dystrophy, TBI,
Parkinson’s disease and CVA) and one was recovering from
a carotid body tumor resection with vagal paralysis.

When applying the second definition for “responders”,
there were 22 responders and 62 non-responders. Of the lat-
ter, 4 patients changed PAS category for the worse.

We performed two multivariate logistic regression
analyses in search of predictors for dichotomized response
to carbonation, one for each definition of response to car-
bonation. Table 5 presents the results of the both logistic
regression analyses. When utilizing the first definition of
response to carbonation, age and deconditioning as a dys-
phagia etiology were found to be predictors for a favorable
response to carbonation. Age as a predictive factor showed
a CI reaching an OR of 1.00, and was therefore considered

Table2 Change in PAS
between thin liquids and
carbonated liquids for different

dysphagia etiologies

PAS in PAS .1, P-value®
Median (IQR) Median (IQR)
All patients 7 (4-8) 4.5 (2-8) 0.0002
Neurogenic dysphagia 7 (4-8) 5(2-8) 0.07
Head and neck oncology with radiation 4 (4-8) 4(2.2-7.8) 0.10
Deconditioning 6 (4-8) 4 (1-5.2) 0.001
Non-oncologic neck surgery 7 (3-8) 3(2-8) 0.66

PAS Penetration—Aspiration Scale; /QR interquartile range

*Wilcoxon signed-rank test
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H&N oncology and radiation

PAS THIN

Non-oncologic neck surgery

PAS THIN

PAS CARBONATED

PAS CARBONATED

Fig.2 Comparison of Penetration—Aspiration Scale between thin and carbonated liquids for different dysphagia etiologies. H&N Head and
Neck; PAS Penetration—Aspiration Scale

Table 3 Comparison of residue severity and clearance between thin and carbonated liquids

Thin liquids Carbonated liquids
Vallecula Vallecula Piriform Piriform sinus  Vallecula Vallecula Piriform Piriform sinus
residue clearance sinus residue  clearance residue clearance sinus residue  clearance
(n=82) (n=171) (n=82) (n=171) (n=284) (n=172) (n=83) (n=72)
All patients 1.77+£0.93* 0.70+0.79* 1.67+0.93? 0.63+0.77% 1.58+0.84* 0.57+0.70* 1.52+0.88% 0.51+0.78%
Neurogenic 1.8+0.97* 0.7+0.79° 1.72+0.92% 0.63+0.67 1.55+0.79* 0.54+0.59" 1.58 +0.85% 0.52+0.67
dysphagia
Head and neck 2+1.05 0.7+0.68 1.4+0.7 0.33+0.5 1.8+1.14 0.56+0.73 1.3+0.67 0.22+0.44
oncology
with radia-
tion
Decondition- 1.7+0.88 0.75+1.0 1.5+0.76° 0.65+1.0% 1.6+0.88 0.69+1.0 1.3540.75° 05+1.0°
ing
Non-oncologic  1.4+0.55 0.6+0.55 24+1.67 1.2+1.1 1.4+0.55 0.6+0.55 2+1.73 1+1.22

neck surgery

Values presented are mean + standard deviation. Analysis performed with Wilcoxon signed-rank test

2P <0.05
bp<0.1
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Fig. 3 Distribution of different Responders Non_responders
responses to carbonation. PAS 50 I I
Penetration—Aspiration Scale. [ | [ )
Carb Carbonated 45 -
40

(5]

o

Number of patients
= N N w w
o un

=
o wn

%]

o

PASthin > PASCarb PASthin = PASCarb PASthin < PASCarb

Table 4 Characteristics of responders and non-responders to carbonation

Responders (N=31) Non-responders (N=53) P value
Age (mean + STD) 65.6+14.2 67.3+£13.5 0.50°
Sex (male) N (%) 22 (70.9%) 43 (81.1%) 0.29%
Etiology no. (%) Neurogenic dysphagia 14 (45.2% of responders) 35 (58.5% of non-responders)  0.03*
28.6% of etiology group  71.4% of etiology group
Head and neck oncology with 309.7) 7(13.2)
radiation 30% 70%
Deconditioning 13 (41.9) 7(13.2)
65% 35%
Non-oncologic neck surgery 1(3.2) 4(7.5)
20% 80%
FOIS 6 (5-6.5) 6 (5-6) 0.84°
EAT-10 (median, IQR) 11 (9-27) 16 (10-27) 0.79°
Laryngeal anatomy [normal] no. (%) 25 (80.6) 45 (84.9) 0.76*
Laryngeal sensation no. (%) 1 17 (54.8) 32 (60.3) 0.63%
2 13 (41.9) 17 (32)
3 1(3.2) 3(5.6)
MSS 0 5(6.1) 10 (18.8) 0.38*
1 5(6.1) 9 (16.9)
2 10 (32.2) 13 (24.5)
3 10 (32.2) 20 (37.7)

N normal; PAS penetration aspiration scale; MSS Murray’s secretion scale; FOIS Functional Oral Intake Score. Etiology groups: (1) Neurogenic,
(2) Head and Neck oncology- and radiation-related, (3) Deconditioning-related, (4) Non-oncologic neck surgery-related

4Fisher’s exact test
PKruskal-Wallis test

borderline significant. When utilizing the second definition, Discussion

only deconditioning etiology was found to be a significant

predictor for good response to carbonation. Our study results support our first hypothesis that carbona-
tion of thin liquids reduces aspiration and improves resi-
due management. The novelty of our study lies with its
FEES-based methodology and its large sample size, the
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Table 5 Logistic regression
analyses results for predictors
to favorable response to
carbonation

OR
95% CI

Responder:

Penetration to normal, Aspiration to penetration/
normal

Non-responder:

Responder: PAS-
carb < PASthin
Non-responder:
PAS-

No change in category or penetration to aspiration,  carb <PASthin

normal to penetration/aspiration
Etiology 1 vs 2 0.54 1.05

(0.02, 4.80) (0.17,5.55)
Etiology 1 vs 3 7.91* 10.99*

(1.68,47.53) (2.57,59.93)
Etiology 1 vs 4 1.00 0.53

(0.04, 11.14) (0.02,5.11)
Age (years) 0.98 0.96*

(0.93,1.02) (0.92, 1.00)
Sex 0.90 1.31

(0.18, 4.04) (0.32,5.30)
Laryngeal anatomy (normal/ 2.70 2.19

abnormal) (0.51, 15.21) (0.46, 11.03)

Larynx sensation (2,3) 1.16 1.74

(0.31,4.28) (0.53,5.95)

3.23 1.80

(0.12, 45.67) (0.07,20.67)
MSS (1,2,3) 0.23 1.36

(0.01, 2.27) (0.21, 8.79)

1.30 3.16

(0.23, 8.15) (0.59, 20.26)

2.39 1.72

(0.45, 14.96) (0.34,9.64)
FOIS 1.00 1.09

(0.65, 1.56) (0.75, 1.64)
Constant 0.61 1.40

(0.01, 28.81) (0.04, 53.10)
Observations 81 81

PAS penetration aspiration scale; MSS Murray’s secretion scale; FOIS Functional Oral Intake Score. Etiol-
ogy groups: (1) neurogenic, (2) head and neck oncology- and radiation-related, (3) deconditioning-related,
(4) non-oncologic neck surgery-related. OR odds ratio; CI confidence interval

P <0.05

largest in current literature so far. Our second hypothesis,
that impaired laryngeal sensation will predict response to
carbonation was disproved by the study results. Rather, the
study showed an unexpected novel finding that dysphagia
resulting from deconditioning is a predictive factor for a
favorable response to carbonation.

The overall positive effect of carbonation on aspiration
in our study is consistent with results from previous stud-
ies [16-20]. However, most of the available studies have
focused on patients with neurogenic dysphagia [18-20]. In
our study, neurogenic dysphagia patients showed significant
improvement with residue severity and clearance but only
near-significant improvement in aspiration prevention. The
population which demonstrated a larger benefit from car-
bonation was the deconditioned group.

Deconditioning often occurs in frail patients facing
acute morbidities which negatively impact their functional

@ Springer

abilities, and challenge their depleted physiological reserves
[43—47]. The underlying pathophysiology of dysphagia in
deconditioned patients remains unclear. Decrease in muscle
mass due to immobilization, sarcopenia, polypharmacy and
disuse atrophy of pharyngeal musculature are some expla-
nations offered as causes for dysphagia in this population
[48-50]. The deconditioned group in our study was signifi-
cantly older than other etiology groups, but otherwise did
not show any significant differences regarding laryngeal sen-
sation, secretion stasis, FOIS or EAT-10 results. One pos-
sible explanation for our results is that the deconditioned
group has better preserved central sensory pathways, a key
component involved in response to SES [11]. Deconditioned
patients may be more sensitive to carbonation effects since
their sensory pathways are intact, yet may be hypoactive,
as opposed to neurogenic dysphagia patients who might
suffer from central pathway deficits due to their underlying
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neuropathology. The hypoactive sensory pathways may
respond more robustly to carbonation than the injured path-
ways. This hypothesis needs to be explored in future studies.

Literature pertaining to the effects of carbonation on
H&N dysphagia patients is scarce and methodologically
weak [16]. Our study results show that patients with H&N-
related dysphagia, oncological and non-oncological, did not
benefit from carbonation. Perhaps the mechanism of dys-
phagia in H&N patients is more mechanical in nature, due
to radiation-induced fibrosis or post-operative anatomical
deficits that are less improvable by SES. Moreover, mucosal
scarring or post-radiation changes may render the mucosa
less perceptive of carbonation, perhaps due to loss of noci-
and chemoceptors in the tissue.

Literature suggests that carbonation enhances the swal-
lowing process by exciting multiple sensory pathways,
chemical, mechanical and nociceptive [12-14, 25, 51, 52].
Whether the oral and pharyngo-larygeal sensory pathways
play an equal role in perception of carbonation is unclear.
Our study results suggest that sensation in the larynx does
not play a major role in response of carbonation. There
are inherent limitations to testing laryngeal sensation dur-
ing FEES, including debatable reliability of the “touch
method” [53] and the fact that sensation, the afferent arm
of the LAR, is inferred about by the function of the efferent
arm of the reflex. Nonetheless, it is possible that the larynx
is simply less sensitive to carbonation than the oral cavity,
with reduced density of sensory receptors and nerve endings
compared to the oral cavity [28].

Current literature examining the effects of carbonation
on swallowing is based solely on VFSS [21]. Our study was
the first to use a FEES-based methodology. This allowed
for simulation of every-day drinking conditions, using the
same liquids the patients consume daily, overcoming a major
flaw of VESS. Furthermore, liquid volume, temperature and
drinking instructions, were also taken into consideration to
simulate real-life conditions and challenge the effects of
carbonation: A bolus volume four time larger than tested
in the literature to date (100 cc) [17, 18, 22, 52, 54], since
benefits of carbonation were shown to be reduced with larger
volumes [18]; Bolus presentation at room temperature to
isolate carbonation effects from the temperature effects on
swallowing [22, 55] despite the fact that perception of car-
bonation is enhanced if the liquids are cold [56, 57]; and
instructing patients to drink freely. Future studies employing
FEES-based methodology are needed to optimize carbon-
ated liquid presentation.

Our study has several limitations. First, since the patients
were instructed to drink freely, sip sizes were not controlled
for. Second, the H&N oncology and radiation as well as
the non-oncologic surgery groups had a small sample size.
Third, liquid presentation order was non-randomized lead-
ing to potential bias due to fatigue. Bias could also stem

from the non-blinded rater methodology. Furthermore,
inter- and intra-rater reliabilities were not calculated for this
study, though all the scales that were utilized in this study
are validated and reliable except for the residue clearance
scale. Another possible bias stems from the possibility of
the unknown pharyngeal wall-coating properties of carbon-
ated liquids compared to thin liquids, which might alter the
sensitivity of aspiration detection during FEES [58].

Conclusion

Carbonation aids in aspiration prevention and residue man-
agement in patients with dysphagia resulting from decondi-
tioning and to a lesser degree for patients with neurogenic
dysphagia.
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