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ABSTRACT: The diagnostic value of various signs and symptoms (clinical markers) in predicting

oropharyngeal aspiration (OPA) or swallowing dysfunction has not been established in children.

The present retrospective study was undertaken to: 1) identify specific clinical markers

associated with radiographic evidence of OPA, isolated laryngeal penetration (ILP) and post-

swallow residue (PSR); 2) determine the sensitivity and specificity of clinical markers associated

with OPA; and 3) determine the influence of age and neurological impairment on clinical markers

of OPA.

In total, 11 clinical markers of dysphagia were compared with the videofluoroscopic swallow

study (VFSS) results (OPA, ILP and PSR) in 150 children on diets of thin fluid and purée

consistencies. Chi-squared and logistic regression were used to analyse the association between

clinical markers and VFSS-identified swallowing dysfunction.

In children with OPA, wet voice (odds ratio (OR) 8.90, 95% confidence interval (CI) 2.87–27.62),

wet breathing (OR 3.35, 95% CI 1.09–10.28) and cough (OR 3.30, 95% CI 1.17–9.27) were

significantly associated with thin fluid OPA. Predictive values included: wet voice (sensitivity 0.67;

specificity 0.92); wet breathing (sensitivity 0.33; specificity 0.83); and cough (sensitivity 0.67;

specificity 0.53). No clinical markers were significantly associated with OPA, ILP or PSR on the

purée consistency. Cough was significantly associated with PSR on thin fluids (OR 3.59, 95% CI

1.22–10.55). Differences were found for age.

Wet voice, wet breathing and cough were good clinical markers for children with oropharyngeal

aspiration on thin fluid but not on purée. Age and neurological status influenced the significance

of these clinical markers.

KEYWORDS: Aspiration, clinical signs, dysphagia, modified barium swallow, oropharyngeal

aspiration, videofluoroscopy

F
eeding and swallowing disorders are pre-
valent in children and are often complex
and multifactorial in nature [1, 2]. A

respiratory consequence of this is oropharyngeal
aspiration (OPA), for which evaluations may
include the videofluoroscopic swallow study
(VFSS) or fibreoptic endoscopic evaluation of
swallowing, nuclear studies such as salivagrams
or nuclear scintigraphy, bronchoscopy and gastro-
intestinal studies [3]. Children at risk for OPA
are often referred to a speech pathologist or feed-
ing specialist for a clinical feeding evaluation, to
evaluate a child’s safety for oral intake, oral
sensorimotor and swallowing function and feed-
ing efficiency [4]. The clinical feeding evaluation
generally includes a case history and observation
of the child’s feeding and swallowing function,
which includes noting clinical signs of feeding or

swallowing difficulty or symptoms associated
with OPA. This information usually provides a
working diagnosis for the nature of the dysphagia
and guides direction for further investigation or
intervention [4].

Clinicians utilise a variety of symptoms and signs
as indicators of OPA and swallowing dysfunction,
including cough, wheeze, recurrent pneumonia,
gagging, choking, congestion, tachypnoea, brady-
cardia, apnoea, cyanosis with feeds, oxygen de-
saturations, noisy or wet breathing, delayed
swallows and voice changes [5–9]. In addition,
signs such as gurgly respiration or wet voice can
also be associated with hypopharyngeal or laryn-
geal pooling of secretions, or pharyngeal residue of
food materials [5, 10]. Some authors suggest that
airway responses to OPA are age dependent, with
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infants demonstrating a combination of apnoea, vocal cord
constriction, rapid swallowing and bradycardia (laryngeal
chemoreflexes) [11], while older children and adults typically
demonstrate a cough response [8, 12]. The clinical feeding
evaluation and the use of clinical signs is known to have poor
reliability in detecting aspiration compared with objective
evaluation of swallowing during a VFSS, especially in neurolo-
gically impaired children, where the presence of silent aspiration
or aspiration without an obvious cough or choking is likely [13].
While cough may be absent, the presence of other clinical
markers of OPA may alert the clinician to suspect that aspiration
has occurred. However, symptoms and signs utilised as
indicators of OPA and swallowing dysfunction have not been
systematically examined. The sensitivity and specificity of
specific symptoms and signs in predicting OPA and laryngeal
penetration have also not been established.

Thus, further knowledge about the relationship between
clinical signs and specific swallowing dysfunction would be
clinically useful. In the current study of 150 children, the
association of commonly reported symptoms and signs
suggestive of OPA with VFSS-identified OPA and swallowing
dysfunction were examined. It was hypothesised that specific
radiographical signs of swallowing dysfunction were more
likely to be associated with specific clinical symptoms and
signs. The current study aims were to: 1) identify specific
clinical symptoms and signs associated with radiographical
evidence of OPA, isolated laryngeal penetration (ILP) and
post-swallow residue (PSR); 2) determine the sensitivity and
specificity of signs and symptoms associated with OPA; and
3) determine the influence of age and neurological impairment
on these symptoms and signs of OPA.

METHODS
The medical records and VFSS results of 150 children who
attended a VFSS at the Royal Children’s Hospital, Brisbane
(Australia) between April 11, 2001 and August 4, 2004 were
reviewed retrospectively and have been previously described
[14, 15]. Briefly, children’s medical files, VFSS referrals and
results of clinical feeding evaluations were reviewed for
clinical signs or symptoms associated with OPA and swallow-
ing dysfunction during feeding. The 11 examined clinical signs
or symptoms (henceforth referred to as clinical markers)
included: cough (defined as any cough response occurring
during the clinical feeding evaluation once ingestion had
commenced); wheeze; stridor; throat clearing; gagging; chok-
ing; desaturations and apnoeas during feeding; wet voice
(voice that is gurgly or liquid sounding) [10, 16]; wet or gurgly
breathing; laboured breathing during feeds; and temperature
spikes (.38.5uC) during a 24-h period following oral intake.
Desaturation was defined as a fall below 90% arterial oxygen
saturation measured by pulse oximetry (Sp,O2) for any length
of time where a good trace was observed and no movement
artefact was noted. Apnoea was defined as a halt in
respirations and facial colour change observed visually, with
an accompanying oxygen desaturation ,90% Sp,O2 requiring
interruption of the feed at least once per feed for more than one
feed, as noted by medical/nursing staff. Clinical markers were
chosen from reported presentations of oropharyngeal dyspha-
gia and aspiration from the literature [7, 8, 10, 17].

A standardised VFSS procedure and data collection has been in
practice in the VFSS clinic since 1998, as previously described
[14, 15]. Children’s VFSS results for every food or fluid
consistency trialled during the examination were recorded on a
data sheet, which required comment on swallow function
across oral preparatory, oral and pharyngeal phases of the
swallow. For the purposes of the current study, three specific
types of swallowing dysfunction were identified based on the
following definitions: 1) OPA was defined as the passage of
material below the level of the true vocal folds [18, 19]; 2) ILP
was defined as entry of material into the laryngeal vestibule,
but not passing below the true vocal folds [18, 19], and where
laryngeal penetration was observed in the absence of aspira-
tion occurring on any of the swallows for a given consistency
[20]; and 3) PSR was defined as a pharyngeal residue evident
in the pharynx post swallow [21]. OPA and ILP were rated as
absent or present. PSR ratings (graded one for normal to four
for severe impairment) [15] were recoded as absent or present
where PSR denoted moderate to severe residue. Data on silent
aspiration, defined as the passage of material below the level of
the true vocal folds [18, 19], where no radiographically
identified laryngeal response (e.g. cough) was observed within
20 s [22], were included for interest.

Analysis
Three sets of analyses were conducted. First, the relationship
between the three types of swallowing dysfunction (OPA, ILP
and PSR) and each clinical marker was analysed for the whole
group data. Note that OPA included all children with
aspiration, both overt and silent and no separate analysis
was conducted for silent aspiration as this was considered to
be a subset of OPA. Univariate analysis was conducted using
Chi-squared and odds ratios (ORs) with 95% confidence
intervals (CIs), and then multivariate analysis using binary
logistic regression. Sensitivity and specificity were then
calculated for statistically significant markers of OPA for the
whole group data. Secondly, the group was split into two age
groups (f1 yr and .1 yr) and, thirdly, the group was split
according to neurological status (neurological versus non-
neurological). Univariate analysis using Chi-squared and
ORs (95% CI) was used to determine age/neurological status
differences in the presence of specific clinical markers and
types of swallowing dysfunction, and which clinical markers
were associated with OPA. Binary logistic regression was then
used to determine the relative influence of each specific marker
with OPA.

RESULTS

Whole group data
In total, 150 children were included: 89 (59.3%) males and 61
(40.7%) females with a median age of 16 months (mean age
37 months; range 2 weeks–247 months). Children were trialled
on diets of different consistencies appropriate for their age
including thin fluids for 132 children and purées for 127
children. The percentage of children with a swallowing
dysfunction is shown in figure 1. OPA, silent aspiration and
ILP, but not PSR, occurred significantly more frequently on
fluids than on purée. The differences (95% CI) between
proportions were: OPA 0.19 (0.09–0.28); silent aspiration 0.13
(0.05–0.22); ILP 0.15 (0.05–0.24); and PSR -0.10 (-0.21–0.002).
The frequencies of clinical markers for any food/fluid
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consistency trialled are presented in table 1. Of the clinical
markers noted, cough was the most frequent (46%), followed
by wet/gurgly breathing (32%), gagging (29%), choking (22%)
and wet voice (19%).

Univariate and multivariate regression analyses examining the
association between specific clinical markers and types of
swallowing dysfunction (OPA, ILP and PSR) for both fluid and
purée consistencies are presented in table 2. In the univariate
analysis, cough, apnoea/desaturations, wet voice and wet
breathing were significantly associated with VFSS-documented
OPA children on thin fluid. Cough, wet voice and wet
breathing remained significant after multivariate analysis.
The sensitivity, specificity, positive predictive value, negative
predictive value and positive likelihood ratio for each of the
clinical markers that remained significant for thin fluid OPA
following multivariate analysis are displayed in table 3. For
children with OPA on purées, none of the clinical markers
were significant following multivariate analysis. None of the
clinical markers were significantly associated with ILP for both
thin fluids and purées (table 3). Cough was significantly

associated with PSR for thin fluids following univariate and
multivariate analysis. While wet voice was initially signifi-
cantly associated with PSR for purées, this was no longer
significant following multivariate analysis (table 2).

The influence of age groups on clinical markers
Overall, 35% (n553) of children were aged f1 yr and 65%
(n597) were .1 yr of age. Coughing, gagging, wet voice and
wet breathing were frequently recorded for both age groups
(table 1). The group aged f1 yr were more likely to
demonstrate clinical markers of stridor (OR 9.17, 95% CI
2.46–34.24; p,0.001), apnoea/desaturations (OR 15.44, 95% CI
3.33–71.57; p,0.001) and wet/gurgly breathing (OR 2.58, 95%
CI 1.16–5.73; p50.018) than the older group. However, there
were no group differences in the presence of other clinical
markers.

In total, 92% (49 out of 53) of the group aged f1 yr were
trialled on thin fluids and 60% (32 out of 53) had purées.
Overall, 86% (83 out of 97) of the group aged .1 yr were
trialled on thin fluids and 97% (95 out of 97) had purées.
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FIGURE 1. Percentage of children showing swallowing dysfunction on diets of a) thin fluid consistency (n5132) and b) purée consistency (n5127). OPA: oropharyngeal

aspiration; SA: silent aspiration; ILP: isolated laryngeal penetration; PSR: post-swallow residue.

TABLE 1 Observed clinical markers on diets of thin fluid and/or purée consistency in children with different age groups and
neurological status

Clinical markers Whole group Age f1 yr Age .1 yr p-value Neurological Non-neurological p-value

Subjects n 150 53 97 106 44

Cough 69 (46) 20 (38) 49 (50) 0.133 47 (44) 22 (50) 0.527

Wheeze 9 (6) 4 (8) 5 (5) 0.555 6 (6) 3 (7) 0.786

Stridor 15 (10) 12 (23) 3 (3) ,0.001* 9 (9) 6 (14) 0.339

Throat clearing 8 (5) 1 (2) 7 (7) 0.165 7 (7) 1 (2) 0.282

Gagging 44 (29) 14 (26) 30 (31) 0.562 31 (29) 13 (30) 0.971

Choking 33 (22) 9 (17) 24 (25) 0.273 24 (23) 9 (21) 0.768

Apnoea/desaturations 15 (10) 13 (25) 2 (4) ,0.001* 9 (9) 6 (14) 0.339

Wet voice 29 (19) 13 (25) 16 (17) 0.234 21 (20) 8 (18) 0.818

Wet/gurgly breathing 32 (21) 17 (32) 15 (16) 0.018* 23 (22) 9 (22) 0.886

Laboured breathing 9 (6) 5 (9) 4 (4) 0.191 7 (7) 2 (5) 0.629

Temperature spikes 4 (3) 0 (0) 4 (4) 0.134 4 (4) 0 (0) 0.192

Data are presented as n (%), unless otherwise stated. *: p,0.05.
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Swallowing dysfunction on thin fluid and purée consistencies
for the group comparisons (table 4) showed that OPA, silent
aspiration and ILP were equally likely to occur in the two age
groups but PSR was less likely to occur in the younger age
group for both thin fluids (OR 0.36, 95% CI 0.13–1.03; p50.049)
and purées (OR 0.35, 95% CI 0.12–0.99; p50.43). However,
there was a significant difference with the presence of
neurological impairment between the age groups, with the
group aged .1 yr 2.78 times more likely to have a neurological
impairment than the younger group (95% CI 1.34–5.74;
p50.005).

As OPA was the type of swallowing dysfunction of primary
interest, clinical markers associated with OPA were analysed
for the two age groups. Wet voice was the only clinical marker
significantly associated with OPA on thin fluids in the group
aged f1 yr following univariate (OR 21.43, 95% CI 3.81–
120.48; p,0.001) and regression analysis (OR 16.55, 95% CI
2.30–119.21; p50.005). The group aged .1 yr demonstrated
more clinical markers associated with OPA on thin fluids in
the univariate analysis: wet breathing (OR 17.10, 95% CI 3.34–
87.66; p,0.001); laboured breathing (OR 8.29, 95% CI 0.82–
84.11; p50.037); wet voice (OR 5.40, 95% CI 1.55–18.83;
p50.005); and choking (OR 3.12, 95% CI 1.10–8.85; p50.029).
However, only wet breathing remained significant following
multivariate regression analysis (adjusted OR 28.54, 95% CI
3.83–207.44; p50.001). Cough, stridor, throat clearing, gagging,
apnoea/desaturations and temperature spikes did not have
any association with OPA on thin fluids in either age group.
No clinical markers were significantly associated with OPA on

purées in the group aged f1 yr, whereas wet breathing
(OR 5.21, 95% CI 1.3–19.60; p50.009) and wet voice (OR 4.68,
95% CI 1.26–17.35; p50.014) were significantly associated in the
group aged .1 yr. Only wet breathing remained significant
after regression analysis (adjusted OR 8.91, 95% CI 1.38–57.45;
p50.022).

The influence of neurological impairment on clinical
markers
In total, 71% (106 out of 150) of children had a neurological
impairment (neurological group), while 29% (44 out of 150) did
not (non-neurological group). There were no differences in the
frequencies of reported clinical markers between these two
groups (table 1), although differences were found for VFSS-
identified swallowing dysfunction (table 5). Children in the
neurological group were more likely to have OPA on thin
fluids (OR 3.82, 95% CI 1.46–10.00; p50.004), PSR on thin fluids
(OR 4.21, 95% CI 1.18–14.96; p50.018) and PSR on purées (OR
5.30, 95% CI 1.50–18.69; p50.005) than children in the non-
neurological group.

On univariate analysis, clinical markers significantly asso-
ciated with OPA on thin fluids in the neurological group were:
cough (OR 2.53, 95% CI 1.06–60.7; p50.034), wet voice (OR
8.50, 95% CI 2.50–28.85; p,0.001), and wet breathing (OR 6.67,
95% CI 2.13–20.87; p,0.001). Only wet voice (adjusted OR
10.06, 95% CI 2.20–45.94; p50.003) and wet breathing (adjusted
OR 8.88, 95% CI 1.94–40.77; p50.005) had a continued
significant association following regression analysis. Clinical
markers significantly associated with OPA on thin fluids in the
non-neurological group following univariate analysis were wet
voice (OR 22.00, 95% CI 2.78–174.06; p,0.001) and apnoea/
desaturations (OR 11.00, 95% CI 1.50–80.43; p50.007), although
only wet voice (adjusted OR 33.97, 95% CI 1.33–868.73;
p50.033) had a continued significant association following
regression analysis. No clinical markers were significantly
associated with OPA on purées or with other types of
swallowing dysfunction, including ILP or PSR, for children
on either thin fluids or purées (data not shown) in either the
neurological or non-neurological group.

DISCUSSION
The present study of 150 children examined the occurrence of
clinical markers suggestive of swallowing dysfunction for
three specific types of swallowing dysfunction (OPA, ILP and
PSR), as identified by the VFSS using thin fluid and purée
consistencies. Coughing, wet voice and wet breathing were
significantly associated with OPA on thin fluids, but not on
purées. No clinical markers were associated with children with
ILP or PSR on purées. Cough was associated with PSR on thin
fluids. The influence on clinical markers of age groups (f1 and

TABLE 3 Predictive values of clinical markers for thin fluid oropharyngeal aspiration

Clinical marker Sensitivity Specificity Positive predictive value Negative predictive value Positive likelihood ratio

Cough 0.67 0.53 0.19 0.90 1.41

Wet voice 0.67 0.92 0.57 0.94 8.00

Wet breathing 0.33 0.83 0.25 0.88 1.00

TABLE 4 Age comparison results for swallowing
dysfunction on thin fluid and purée consistencies

Type of

swallow

dysfunction

Thin fluids Purée

f1 yr .1 yr p-value f1 yr .1 yr p-value

Subjects n 49 83 32 95

OPA# 17 (35) 24 (29) 0.488 4 (13) 12 (13) 0.985

Silent

aspiration

14 (26) 16 (19) 0.264 2 (4) 10 (11) 0.182

ILP 13 (27) 25 (30) 0.660 4 (13) 14 (20) 0.754

PSR 5 (10) 20 (24) 0.049* 5 (15) 32 (34) 0.043*

Data are presented as n (%), unless otherwise stated. OPA: oropharyngeal

aspiration; ILP: isolated laryngeal penetration; PSR: post-swallow residue. The

total number of children aged f1 yr and .1 yr were 53 and 97, respectively.
#: data for OPA includes all children with OPA, both overt and silent aspiration

combined. *: p,0.05.
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.1 yr of age) and the presence of neurological impairment
were also examined. In infants wet voice was significantly
associated with OPA on thin fluids, whereas in older children
with OPA, wet breathing was significantly associated with thin
fluids and purées. No clinical markers were associated with
ILP or PSR on either food/fluid consistency for the two age
groups. Wet voice and wet breathing were also associated with
OPA on thin fluids in the neurological group of children, while
wet voice was notable in the non-neurological group.

Clinical markers associated with swallowing dysfunction
Recurrent small volume aspiration is associated with chronic
lung disease in both children and adults. OPA is common in
respiratory practice, yet there are limited data on the
sensitivities and specificities of symptoms and signs associated
with OPA. The current authors found that children who
demonstrated VFSS-identified OPA on thin fluids were 8.9
times more likely to have wet voice, 3.4 times more likely to
have wet breathing and 3.3 times more likely to cough during
feeds/meals than children who did not aspirate. The present
findings have similarities to, but also differences from the
findings of DEMATTEO et al. [7], whose study on 75 children did
not present data on individual clinical markers of aspiration,
but instead developed prediction models of aspiration and
penetration that included clusters of clinical markers. It was
reported that cough was the most significant predictor of fluid
aspiration in children and that a combination of cough, voice
changes and gag was the best prediction model for fluid
aspiration with a relative risk of 1.7 [7]. While cough and wet
voice (voice changes) were identified as important clinical
markers in both studies, the current authors did not find gag to
be significantly associated with OPA on either food/fluid
consistency in the present cohort. Other clinical markers
reported in the literature to be associated with OPA, such as
wheeze, stridor, throat clearing, desaturations or apnoea
during feeding, laboured breathing during feeding, or tem-
peratures following oral intake [7, 8, 17], were also not found to
be significantly associated with thin fluid aspiration in the
current study. While the present authors did not find any
clinical markers significantly associated with OPA on purées,
DEMATTEO et al. [7] reported that colour changes and abnormal
respiration presented a nonsignificant relative risk of 3.0 for
solid aspiration.

The current finding of wet voice having a higher likelihood
ratio than cough for OPA is in contrast to adult data. While
WARMS and RICHARDS [10] found that speech pathologists had
good inter-observer reliability for detecting wet voice (r50.85),
wet voice itself was not a reliable predictor of aspiration or
laryngeal penetration in their study of 23 adult patients.
WARMS and RICHARDS [10] found that wet voice was associated
with material in the larynx or trachea in only 8% (7 out of 88) of
penetration/aspiration episodes identified on VFSS, and where
wet voice was reported to be heard, it was indicative of
material in the larynx or trachea (penetration and/or aspira-
tion) in only 15% (7 out of 47) of episodes. In contrast to WARMS

and RICHARDS [10], the current study found wet voice to be
significantly associated with OPA on thin fluids for the whole
group data, for the younger age group and for both
neurological and non-neurological groups. In the MARI et al.
[23] study of 93 neurologically impaired adults, a history of
cough was reported to have higher predictive values for OPA
compared with the current findings, including a sensitivity of
75%, specificity of 74%, positive predictive value of 71% and
negative predictive value of 77% for radiographically docu-
mented aspiration. While the MARI et al. [23] study did not
examine predictive values of other clinical markers, the present
authors found that the highest likelihood ratio of any clinical
marker for OPA was wet voice (likelihood ratio of 8.00), which
suggests that cough may be a less sensitive marker of OPA in
children. These differences between adults and children
possibly relate to the influence of age on the structure and
development of the respiratory system, such as maturation of
the peripheral and central nervous systems and cortical
controls of cough, laryngeal and respiratory muscles [24].
Key differences include the attenuated hypercapnic response
and a paradoxical response to hypoxia in young children [25].

The current authors found that no clinical markers were
associated with a finding of ILP, which suggests that it is
undetectable clinically. This is in contrast to the findings of
DEMATTEO et al. [7], who reported that the combination of
cough, gag and reflux behaviours had a statistically significant
relative risk of 2.3 for fluid penetration, and a combination of
colour changes and abnormal respiration had a nonsignificant
relative risk of 2.6 for solid penetration. The differences
between the present and the DEMATTEO et al. [7] study may

TABLE 5 Differences in swallowing dysfunction on thin fluid and purée consistencies for neurological and non-neurological
groups

Type of swallow

dysfunction

Thin fluids Purée

Neurological Non-neurological p-value Neurological Non-neurological p-value

Subjects n 90 32 90 32

OPA# 35 (39) 6 (19) 0.004* 14 (16) 2 (6) 0.211

Silent aspiration 26 (29) 4 (13) 0.697 10 (11) 2 (6) 0.383

ILP 24 (27) 14 (44) 0.431 16 (18) 2 (6) 0.137

PSR 22 (24) 3 (9) 0.018* 34 (38) 3 (9) 0.005*

OPA: oropharyngeal aspiration; ILP: isolated laryngeal penetration; PSR: post-swallow residue. The total number of children in the neurological group was 106 children

and 44 children in the non-neurological. #: includes all children with OPA, both overt and silent. *: p,0.05.
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relate to differences of definition. DEMATTEO et al. [7] did not
define laryngeal penetration or distinguish children with ILP
(i.e. penetrators who do not also have aspiration). Thus, some
of these children may have had both OPA and ILP, which may
confound the real association between these clinical markers
and ILP only. Laryngeal penetration with no sensorimotor
response occurs frequently in normal adult populations [26]
and in patients with no history or clinical suspicion for
swallowing dysfunction during upper gastrointestinal studies
[20]. DAGGETT et al. [26] suggested that the lack of coughing or
throat clearing indicated that the normal upward and forward
laryngeal movement, and the inferior-to-superior closure of the
larynx during the swallow, was the normal clearance mechan-
ism where penetration occurred in the absence of aspiration
[26]. Thus, clinical markers noted in the clinical feeding
evaluation would not be associated with ILP, but would be
suggestive of OPA.

Influence of age and neurological status
Infants are said to demonstrate different responses to aspira-
tion and are particularly prone to silent aspiration. It has also
been suggested that cough is a less reliable indicator of
aspiration in a younger age group, due to disruptions in
postnatal maturation of airway clearance mechanisms or
desensitisation secondary to repeated aspiration [11, 27]. In
particular, apnoea has been noted to be indicative of aspiration
in infants, with cessation of respiration, closure of the airway
and multiple swallows until clearance of the aspirated
substance has occurred [11, 28]. The current authors found
that infants demonstrated stridor, apnoea/desaturations and
wet breathing significantly more frequently during feeds than
the older group, but none of these signs were significantly
associated with OPA. Wet voice was found to be the only
clinical sign associated with OPA on thin fluids in the group
aged f1 yr, while wet breathing had a significant association
with aspiration in the older group.

Reduced integrity of the cough reflex with a predisposition for
silent aspiration has been consistently noted in children with
neurological impairment and neurodisability [14, 29, 30]. In the
current study, the neurological group was more likely to
demonstrate swallowing dysfunction by the VFSS, including
OPA on thin fluids and PSR on both fluids and purées,
although there was no difference in the presence of cough in
response to OPA (i.e. silent aspiration) between the neurolo-
gical and non-neurological groups. The present finding
possibly relates to the small sample size of children with
OPA and silent aspiration in the non-neurological group.

Although the current study was limited by the retrospective
design, the use of standard data collection forms during the
medical chart/clinical feeding evaluation review and for VFSS
interpretation allowed for the systematic examination of the
current data in a large number of children. Wet voice is not
well defined in the medical literature, but is frequently used by
speech pathologists. Determination of its repeatability, validity
and reliability as a sign is important but could not be examined
and is another limitation of the current study.

The present authors conclude that wet voice and wet breathing
are likely to be the best clinical markers of thin fluid aspiration

in children. Cough was less specific in determining type of
dysfunction, being associated with both oropharyngeal aspira-
tion and post-swallow residue on thin fluids. In contrast, no
clinical markers were associated with oropharyngeal aspira-
tion on diets of purée consistency or with swallowing
dysfunction associated with risk of aspiration (isolated
laryngeal penetration on any consistency and post-swallow
residue on purées). Further research is needed to prospectively
define the clinical markers suggestive of oropharyngeal
aspiration and swallowing dysfunction in different age groups
and with different medical aetiologies.
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