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BACKGROUND: Assessing the presence of pharyngeal residue in the pyriform sinus and epiglottic
vallecula is important because insufficient pharyngeal clearance is a risk factor for aspiration pneumo-
nia. Improvements in the performance of ultrasound to visualize the pyriform sinus and epiglottic
vallecula are needed. The aim of this study was to establish a method to visualize the pyriform sinus and
epiglottic vallecula with ultrasound to detect pharyngeal residue. METHODS: We used real-time virtual
sonography (ie, a fusion of magnetic resonance imaging and ultrasound imaging) as the scanning
method to visualize the pyriform sinus and epiglottic vallecula without residue in 4 healthy individuals.
Using established ultrasound methodology and fiberoptic endoscopic evaluation of swallowing, 35 sub-
jects with dysphagia were studied to investigate the performance of ultrasound to detect pharyngeal
residue. RESULTS: The fusion ultrasound images showed that transverse scans at the level of the
laryngeal prominence and above the hyoid bone using a linear array transducer can be used to visualize
the pyriform sinus and the epiglottic vallecula, respectively. We obtained 238 ultrasound images of
the pyriform sinus from 35 subjects and 82 images of epiglottic vallecula from 26 of 35 subjects. The
ultrasound images with fiberoptic endoscopic evaluation of swallowing showed that areas of high echo-
genicity in the pyriform sinus and epiglottic vallecula are related to the presence of pharyngeal residue.
The presence of high-echogenicity areas resulted in a sensitivity of 92.0% and specificity of 71.9% for
detecting pharyngeal residue in the pyriform sinus and a sensitivity of 86.7% and specificity of 63.6%
for detecting pharyngeal residue in the epiglottic vallecula. CONCLUSIONS: Transverse ultrasound
scans at the level of the laryngeal prominence and above the hyoid bone enable the visualization of the
pyriform sinus, epiglottic vallecula, and pharyngeal residue. Key words: aspiration pneumonia; swallow-
ing disorders; pharynx; residue; secretion management; ultrasonography. [Respir Care 2020;65(3):304–313.
© 2020 Daedalus Enterprises]

Introduction

Pharyngeal residue is defined as the presence of food,
liquid, and secretion residues that are not cleared by swal-

lowing.1 People with dysphagia often show insufficient
pharyngeal clearance with pharyngeal residue due to im-
pairment of the driving forces of the oropharyngeal bolus
and reduced swallowing efficiency.2 Moreover, insuffi-
cient pharyngeal clearance is one of the risk factors for
aspiration pneumonia because the residue sometimes moves
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with dysphagia.3 The presence of pharyngeal residue in-
creases the risk of aspiration � 2.8 times compared with
the risk in individuals without pharyngeal residue.4 The
annual number of cases of aspiration pneumonia in Japan
(the most aged society in the world) was estimated in 2013
to be 630,000.5 Effective pharyngeal clearance manage-
ment to prevent aspiration pneumonia is needed in the
aging population. Modifications of an individual’s posture
and of the volume and viscosity of foods and liquids have
been shown to facilitate pharyngeal clearance.6,7 More-
over, it has been reported that pharyngeal residue suction-
ing by nurses can prevent aspiration pneumonia in subjects
with acute stroke.8 Thus, the detection of pharyngeal res-
idue and the management of pharyngeal clearance by nurses
providing swallowing and secretion care will be effective
strategies for aspiration pneumonia prevention.

Most pharyngeal residue is present in the pyriform sinus
and the epiglottic vallecula.9 The pyriform sinus is in the
hypopharyngeal area, and the epiglottic vallecula is the
space between the base of the tongue and the epiglottis.
These areas are difficult to observe directly by physical
examination. Fiberoptic endoscopic evaluation of swal-
lowing (FEES) is recognized as a sensitive tool for detec-
tion of pharyngeal residue in the pyriform sinus and the
epiglottic vallecula.10 However, some individuals with dys-
phagia cannot tolerate FEES, which requires the insertion
of a scope in the nose. Detecting abnormal sounds by
cervical auscultation is a less invasive method than FEES,
but a provider must be highly trained to be able to interpret
the sounds or to perform complicated acoustic analyses.11,12

Thus, a less invasive imaging tool to visualize the pyri-
form sinus and epiglottic vallecula in real time would as-
sist care professionals, including nurses, in removing the
residue, and it would help prevent aspiration pneumonia.

Ultrasound imaging is a noninvasive, real-time assess-
ment tool that has been applied for airway assessments
that include the hypopharyngeal area.13,14 Few studies have
focused on pharyngeal residue detection by ultrasound ex-
amination. A study showed a sensitivity of 62% and spec-
ificity was 67% for ultrasound examinations of pharyngeal
residue15 using ultrasound images that were originally in-
tended to detect aspiration.16 The scanning method to de-
tect aspiration focuses on the tracheal area, but the method
to detect pharyngeal residue should focus instead on the
pyriform sinus and epiglottic vallecula. Moreover, we
needed to identify anatomical landmarks to systematize a
methodology for ultrasound evaluation of pharyngeal res-
idue both in the pyriform sinus and epiglottic vallecula.

Real-time virtual sonography (RVS) is a new method
that uses magnetic navigation and computer software for
the montage display of real-time ultrasound and images
from multiplanar reconstruction in magnetic resonance im-
aging (MRI). RVS has been used for diagnosis, treatment,
and follow-up of patients with carcinomas.17-19 Studies
have identified the hypopharyngeal area on MRIs20,21;
therefore, we hypothesized that RVS could be used to
visualize the pyriform sinus and the epiglottic vallecula to
establish a method to scan for pharyngeal residue. Because
RVS can display ultrasound images simultaneously with
the corresponding MRIs in real time, the use of RVS will
assist the detection of the pyriform sinus and epiglottic
vallecula from ultrasound images, and it will show appro-
priate transducer position for the scanning.

RVS can identify the pyriform sinus and epiglottic val-
lecula in ultrasound images, but the technique will not be
useful for individuals with dysphagia because MRI scan-
ning requires individuals to keep still for extended periods
of time. We therefore decided to use RVS data from in-
dividuals without dysphagia to evaluate the scanning
method of the pyriform sinus and the epiglottic vallecula
by ultrasound examination. In addition, we used ultra-
sound data obtained simultaneously from individuals with
dysphagia who underwent FEES, which is the accepted
method to evaluate pharyngeal residue. We considered
that if there is no change of the structure in the oropha-
ryngeal area, the results from healthy participants could be
generalized to individuals with dysphagia.

We had two goals in this study. We aimed to system-
atize a methodology (ie, identify anatomical landmarks)
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Current knowledge

Pharyngeal residues in the pyriform sinus and epiglottic
vallecula cause aspiration pneumonia among individu-
als with dysphagia. Ultrasound examination has been
used for airway assessment of the pyriform sinus and
epiglottic vallecula, but the established method pub-
lished for pharyngeal residue in the pyriform sinus and
epiglottic vallecula has low sensitivity and specificity.

What this paper contributes to our knowledge

Transverse scans at the level of the pharyngeal promi-
nence and hyoid bone using a linear array transducer
improved visualization of pharyngeal residue in the py-
riform sinus and epiglottic vallecula. We observed an
association between the presence of high-echogenicity
areas in ultrasound images and the presence of pharyn-
geal residue as assessed with fiberoptic endoscopic swal-
lowing evaluations, which is the standard method.
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for ultrasound evaluation of pharyngeal residue both in the
pyriform sinus and epiglottic vallecula using RVS on
healthy individuals. We sought to compare established ul-
trasound methodology for the detection of pharyngeal res-
idue with the FEES approach performed at the same time
in individuals with dysphagia.

Methods

Two cross-sectional observational studies were conducted
to achieve our goals. The first part of this study evaluated the
scanning method to detect the pyriform sinus and the epi-
glottic vallecula using RVS data from healthy individuals
without dysphagia. The second evaluated the performance of
ultrasound images obtained simultaneously with FEES from
individuals with dysphagia to detect pharyngeal residue in the
pyriform sinus and the epiglottic vallecula. The first part of
this study was a preliminary phase that aimed to define the
optimal position of the scan and transducer in the second part
of the study. The ethics committee of our institution approved
the study protocol (#38-3). We obtained written informed
consents from all subjects or their proxies.

Subjects and Settings

We collected all data for the first part of our study at the
laboratory with RVS and MRI systems in June 2018. We
included healthy subjects without dysphagia or history of
laryngectomy or glossectomy. Next, we collected ultra-
sound and FEES data at 2 acute care hospitals from June
2018 to October 2018. We included individuals � 20 y old
who underwent FEES. Exclusion criteria included subjects
with a neck area that made ultrasound scanning difficult,
subjects who had difficulty following directions during
examinations, and subjects with a history of laryngectomy
or glossectomy.

MRI Protocol for RVS Measurement

We used a multiposture MRI system composed of a pair
of 0.4 T permanent magnets that were opposed to each
other (Hitachi Medical Corporation, Tokyo, Japan)22 with
a neck coil as a receiver. We took median sagittal and
coronal plane images with static sequences while subjects
were in the sitting position. We instructed the individuals
to stop swallowing saliva and moving the tongue to avoid
artifacts during imaging. We obtained T1-weighted trans-
verse images with the following parameters: repetition time,
28 ms; echo time, 18.4 ms; flip angle, 18°; slice thickness,
2 mm; acquisition matrix, 320 � 224 (readout � phase
encoding); number of signals averaged, 1; receiver band-
width, � 26.0 kHz; and field of view, 200 mm. An expe-
rienced radiologist confirmed that the pyriform sinus and
epiglottic vallecula were visible in the images.

RVS Protocol for the Investigation of the Scanning
Method

We loaded the digital imaging communications in the
medicine MRI dataset into the RVS fusion system
(ARIETTA 850, Hitachi, Tokyo, Japan) with a 5–18 MHz
linear array transducer and displayed together with the
ultrasound image on the same monitor. The scanning was
conducted in a sitting position during the RVS protocol.
Co-registration was performed using the laryngeal prom-
inence as a reference, with a transducer attached vertically
to the skin surface in a transverse scan. We used line
markers included in the fusion system to identify the py-
riform sinus and epiglottic vallecula. The ultrasonographic
appearance and anatomic location of the pyriform sinus
and the epiglottic vallecula were described. The position
of the transducer was recorded using a digital camera when
the pyriform sinus and epiglottic vallecula were visible in
the ultrasound image.

Ultrasound Protocol for Evaluating Performance for
Pharyngeal Residue Detection

We performed ultrasound examinations simultaneously
with FEES for all subjects with dysphagia. The test liquid
boluses included liquid with or without food thickener.
The test food boluses included food with or without diet
modification for subjects with dysphagia. For the test food
with diet modification, we used 4 types of forms: jelly,
puree, moist, and minced. All the test food and liquid
boluses were modified based on the standard criteria of
food texture in Japan, according to the Japanese Dyspha-
gia Diet Criteria (JDD2013),23 defined by the Japanese
Society of Dysphagia Rehabilitation depending on the in-
dividuals’ swallowing function during the examination.
Ultrasound examinations were performed with handheld
ultrasonography devices (SonoSite iViz, Fujifilm, Tokyo,
Japan) with 5–10 MHz or 6–13 MHz linear array trans-
ducers. The head and neck positions were not fixed to
facilitate swallowing in the subjects’ most comfortable
posture. Subjects were placed in a semi-Fowler position
with the head kept at � 30° to prevent aspiration during
the examination. We based the scanning method to vi-
sualize the pyriform sinus and epiglottic vallecula on
the result of the RVS. The transducer was set at the
level of the laryngeal prominence in the transverse di-
rection of the left and right sides of the neck to visualize
the left or right pyriform sinus (Fig. 1). The thyroid
cartilage in the ultrasound image was used to identify
the pyriform sinus. The transducer was set above the
hyoid bone in the transverse direction to visualize
the epiglottic vallecula (Fig. 2). The tongue base and the
epiglottis in the ultrasound image were used to identify
the epiglottic vallecula. A well-trained nurse with � 5 y
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of experience in performing ultrasound examinations
conducted all examinations. The operator obtained ul-
trasound videos pre- or post-swallowing of 6 –15 s at a
rate of 30 frames/s.

The videos were converted to 180–450 consecutive im-
ages. Next, all images showing clear pyriform sinus and
epiglottic vallecula were selected. Images that did not show
these landmarks were excluded from the analysis. After
the selection of images of the best quality, we measured
the areas of the pyriform sinus, the epiglottic vallecula,
and a high-echogenicity area in these regions using ImageJ
software (National Institutes of Health, Bethesda, MD)
(Figs. 3 and 4). A high-echogenicity area was defined as a
region that could be distinguished from surroundings due
to its high echogenicity. We also measured the proportion
of the high-echogenicity area to the pyriform sinus and
epiglottic vallecula areas. These measurements were per-
formed by a researcher who was blinded to the FEES
results.

FEES Protocol as a Reference Method for
Pharyngeal Residue Detection

All subjects received FEES performed by experienced
dentists simultaneously with ultrasound examinations. Sub-
jects were positioned as during usual mealtimes, and a
fiberscope (ENF TYPE P4 or V2; Olympus, Tokyo, Ja-
pan) was inserted through the nose. Water-based lubricant
without anesthetic was applied to the tip of the fiberscope
to enhance the exam tolerability and to avoid impairing the
swallowing ability. The dentists decided on the order of
the test food and liquid boluses and the number of mea-
surements to be performed, and they also evaluated the
level of pharyngeal residue for both the pyriform sinus and
the epiglottic vallecula. We used a published classification
for the level of pharyngeal residue: none, no visible bo-
luses or secretions; mild, up to half of the pyriform sinus
or epiglottic vallecula covered with boluses or secretions;
and severe, more than half of the pyriform sinus or epi-

Muscle layer
A CB

Thyroid cartilage

Trachea

Pyriform
sinusCommon

carotid artery

Fig. 1. A: Transducer position. B: Representative ultrasound image using the handheld device to detect pyriform sinus. C: Schema of the
ultrasound image. Asterisks represent the air-mucosa interface.

Muscle layer

Base of tongue

Vallecula

Epiglottis

A CB

Fig. 2. A: Transducer position. B: Representative ultrasound image using the handheld device to detect epiglottic vallecula. C: Schema of
the ultrasound image.
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glottic vallecula covered with boluses or secretions (Figs.
5 and 6).24

Data Analysis

We expressed descriptive data as mean � SD for con-
tinuous variables and as n (%) for categorical variables. To
assess whether the proportion of the high-echogenicity
area to the pyriform sinus and the epiglottic vallecula
areas can be used as a marker for pharyngeal residue

detection, we used a receiver operating characteristic
(ROC) curve. We defined any mild and severe level of
pharyngeal residue detected by FEES as the presence of
pharyngeal residue. We measured the area under the
curve and calculated the sensitivity, specificity, and pos-
itive and negative predictive values at 4 cutoff points (0,
0.05, 0.1, and 0.5). We set the P value for statistical
significance at .05 for each analysis. All analyses were
conducted using STATA 14 software (STATA, College
Station, Texas).

B CA

Fig. 3. Examples of the measurements of high-echogenicity areas in ultrasound images of the pyriform sinus. A: 0%, B: 10.9%, C: 80.0%.
The yellow dashed lines represent the pyriform sinuses. The red dashed lines represent high-echogenicity areas. Arrows indicate the thyroid
cartilage.

A B C

Fig. 4. Examples of the measurements of high-echogenicity areas in the ultrasound images of the epiglottic vallecula. A: 0%, B: 22.3%, C:
42.5%. The yellow dashed lines represent the epiglottic vallecula. The red dashed lines represent high-echogenicity areas. Arrows indicate
the epiglottis.

A B C

Fig. 5. Pyriform sinus images produced with fiberoptic endoscopic evaluation of swallowing (FEES) according to the pharyngeal residue
classification. A: None, B: mild, and C: severe. Asterisks are markers of the fiberscope system to adjust focus in the image.
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Results

Four healthy subjects (3 men, 1 woman) 20–50 y old
participated in the first part of the study to assess the
scanning method to detect the pyriform sinus and epiglot-
tic vallecula by RVS. The locations of the pyriform sinus
and epiglottic vallecula marked by the fusion system were
detected from ultrasound images of all the individuals. The
pyriform sinus with low echogenicity was located below
the thyroid cartilage (Fig. 7A). The air–mucosa interface
around the pyriform sinus appeared as a high-echogenicity
line. Once the pyriform sinus was visible in ultrasound
images, the transducer was located at the level of laryngeal
prominence in the transverse direction. The epiglottic val-
lecula with low echogenicity was located between the
tongue base and the epiglottis, which were visible as high
echogenic regions and lines (Fig. 7B). Once the epiglottic
vallecula was visible in the ultrasound image, the trans-
ducer was located above the hyoid bone in a transversal
direction.

Thirty-seven subjects who underwent FEES were as-
sessed for eligibility before recruitment to the study that
aimed to investigate the performance of ultrasound for
detecting pharyngeal residue. We obtained written informed
consents from 36 individuals or their proxies. We excluded

one individual with tracheotomy from the study. No indi-
viduals had difficulty following directions or swallowing
due to the attachment of the transducer during the ultra-
sound examinations. Finally, we included data from 35 sub-
jects with dysphagia (26 men, 9 women, 80.4 � 10.6 y
old) in the analysis.

Table 1 details the characteristics of the 35 subjects
enrolled. Fourteen subjects had cognitive impairment, and
25 (71.4%) were diagnosed with pharyngeal residue in the
pyriform sinus and epiglottic vallecula by FEES. How-
ever, 4 subjects (11.4%) had residue only in the pyriform
sinus, and 6 showed no residue with FEES.

We obtained 245 ultrasound images for assessment of
residue in the pyriform sinus from 35 subjects and 85 ul-
trasound images for assessment of residue in the epi-
glottic vallecula from 26 subjects who underwent FEES
simultaneously. We could not obtain ultrasound images
of the epiglottic vallecula from 9 subjects because scan-
ning above the hyoid bone was difficult due to severe
contractures of the neck, difficulty moving the head, or
the presence of gauze dressings to cover a stoma for a
mini-tracheostomy. After excluding 7 images and 3 im-
ages in which the pyriform sinus and the epiglottic val-
lecula were not distinguishable, respectively; we used
238 and 82 ultrasound images for analyses to assess the

A B C

Fig. 6. Epiglottic vallecula images produced with fiberoptic endoscopic evaluation of swallowing (FEES) according to the pharyngeal residue
classification. A: None, B: mild, and C: severe. Asterisks are markers of the fiberscope system to adjust focus in the image.

A B

Fig. 7. Representative images using real-time virtual sonography, which is a fusion of magnetic resonance imaging and ultrasound imaging,
to detect A: the pyriform sinus and B: the epiglottic vallecula. Lines in the dashed circles were used to identify the pyriform sinus and the
epiglottic vallecula. Blue arrows indicate the thyroid cartilage, asterisks show the air-mucosa interface, and red arrows indicate epiglottis.
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performance of ultrasound examination in detecting pha-
ryngeal residue. In total, pharyngeal residue was de-
tected in 174 ultrasound images of the pyriform sinus
and 60 ultrasound images of the epiglottic vallecula
with reference to the FEES. From these totals, pharyn-
geal residue was the result of secretions in 98 pyriform
sinus and 22 epiglottic vallecula images.

The receiver operating characteristic curve showed that
the proportion of high-echogenicity area was an accurate
marker of pharyngeal residue positivity; the areas under
the curve were 0.88 (95% CI 0.83–0.93) (Figure 8A) for
residue in the pyriform sinus and 0.87 (95% CI 0.79–0.95;
Fig. 8B) for residue in the epiglottic vallecula. Tables 2
and 3 show the sensitivity, specificity, and positive and
negative predictive values for detection of pharyngeal res-
idue according to the threshold level of the proportion of
high-echogenicity area at the cutoff points of 0, 0.05, 0.1,
and 0.5. The sensitivity and specificity for the detection of
pharyngeal residue in the pyriform sinus were 92.0% and
71.9%, respectively, when the threshold proportion of high-
echogenicity area was set at 0. The sensitivity and speci-
ficity for the detection of pharyngeal residue in the epi-
glottic vallecula were 86.7% and 63.6%, respectively, when
the threshold proportion of high-echogenicity area was set
at 0.

The residue of liquid without food thickener in the py-
riform sinus and residue of all the tested liquid boluses
(with or without food thickener) and the 4 tested food
boluses in the epiglottic vallecula showed significant high
echogenicity in ultrasound images. However, 2 of the 5 liq-
uids with food thickener, 4 of 13 jelly, 2 of 14 pureed food,
2 of 18 moist food, 1 of 13 minced food, and 3 of 98 se-
cretions did not show any high echogenicity in ultrasound
images of the pyriform sinus. Eight of 22 secretions did
not show any high echogenicity in ultrasound images of
the epiglottic valley.

Discussion

One of the main findings of this study was that we
identified anatomical landmarks to systematize a method-
ology for ultrasound evaluation of pharyngeal residue in
both the pyriform sinus and the epiglottic vallecula with
RVS. A montage of MRI and ultrasound images showed
that the thyroid cartilage, the tongue base, and the epiglot-
tis were useful as landmarks for detecting the pyriform
sinus and the epiglottic vallecula in a transversal scan.
Images from this fusion system also showed the adequate
transducer position for the scanning. To visualize the py-
riform sinus, the transducer needs to be positioned on the
level of the laryngeal prominence, and to visualize the
epiglottic vallecula, the transducer needs to be above
the hyoid bone.

We have established a methodology for the ultrasound
evaluation of the presence of pharyngeal residue. In a
previous study,15 we obtained images with longitudinal
scans, but the attenuation of the ultrasound beam due to air
in the trachea often occurred, resulting in a sensitivity and
specificity of 62% and 67%, respectively, for detecting
pharyngeal residue. The method described in this study,
which is based on a transversal scan, allows the visualiza-
tion of the pyriform sinus and epiglottic vallecula while
bypassing the trachea and its problematic volume of air.
This improved the quality of images of the pyriform sinus,
the epiglottic vallecula, and the residue in these areas,
leading to a sensitivity and specificity of 92.0% and 71.9%,
respectively, for the detection of pharyngeal residue in the
pyriform sinus.

The best results for the detection of pharyngeal residue
occurred when the threshold proportion of high-echoge-
nicity area was set at 5%. High sensitivity is required for
a screening test that aims to detect insufficient pharyngeal
clearance and to remove the pharyngeal residue. Because
the sensitivities are � 80% at the cutoff point of 0%, we
recommend using the presence of high-echogenicity areas
as markers of abnormal findings in the pyriform sinus and
epiglottic vallecula in clinical settings. The sensitivity of
pharyngeal residue detection with our method was higher
than that found in the previous study (62%)15 when the

Table 1. Characteristic of the Enrolled Individuals

Characteristics Result

Age, y, mean � SD 80.4 � 10.6
Men 26 (74.3)
Main disease associated with dysphagia

Pneumonia 15 (42.9)
Stroke 13 (37.1)
Cerebral hemorrhage 2 (5.7)
Cervical spine injury 1 (2.9)
Others 4 (11.4)

Cognitive impairment 14 (40.0)
The Food Intake LEVEL Scale

Level 1–3: no oral intake 16 (45.7)
Level 4–6: oral intake and alternative nutrition 4 (11.4)
Level 7–9: oral intake alone 15 (42.9)

Use of tube feeding 4 (11.4)
Presence of cough during eating and swallowing 23 (65.7)
Results of aspiration during FEES

Presence of aspiration 11 (31.4)
No aspiration 24 (68.6)

Results of pharyngeal residue during FEES
Presence of residue in pyriform sinus and vallecula 25 (71.4)
Presence of residue in pyriform sinus only 4 (11.4)
No residue in pyriform sinus and vallecula 6 (17.1)

Data are presented as n (%) unless otherwise noted.
FEES � fiberoptic endoscopic evaluation of swallowing
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proportion of high-echogenicity area was set at 10%. In
case of failure to detect a small amount of residue, our new
scanning method should perform better. If ultrasound ex-
amination reveals high-echogenicity areas in the pyriform
sinus or epiglottic vallecula, the patient will probably re-
quire residue removal to prevent aspiration pneumonia.

The extent of high echogenicity identified on ultrasound
images varied among the types of residues. Some boluses
did not produce significant high echogenicity. The sensi-
tivity for the detection of pharyngeal residue of liquid
without food thickener and jelly in the pyriform sinus and
secretions in the epiglottic valley were � 70%. The reason
is related to the difference of the volume of the residue or

the amount of air that exists as bubbles in the test foods.
The small amount of the residue and homogenized boluses
without bubbles made it difficult to produce high echoge-
nicity because there are few materials that cause ultra-
sound reflection.25

For clinical implementation, noninvasive and real-time
ultrasound examinations for the assessment of pharyngeal
residue will facilitate secretion management and pharyn-
geal clearance. In this study, more than half of the cases of
residue in the pyriform sinus were due to secretions. This
suggests that secretion management is essential for indi-
viduals with dysphagia in addition to swallowing care. If
high echogenicity is detected with ultrasound examination

0
0

0.25

0.25

0.50
1 - Specificity

A B

AUC

Se
ns

iti
vi

ty

0.50

0.75

0.75

1

1

0
0

0.25

0.25

0.50
1 - Specificity

AUC

Se
ns

iti
vi

ty

0.50

0.75

0.75

1

1

Fig. 8. Receiver operating characteristic curve for the proportion of high-echogenicity areas for detecting pharyngeal residue in A: the
pyriform sinus and B: the epiglottic vallecula. AUC � area under the curve.

Table 2. Performance of the Method for Detection of Pharyngeal Residue in the Pyriform Sinus Based on 4 Cutoff Points

Proportion of High
Echogenicity Area

Sensitivity Specificity
Positive Predictive

Value
Negative Predictive

Value

� 0 92.0 (86.9–95.5) 71.9 (59.2–82.4) 89.9 (84.4–93.9) 76.7 (64.0–86.6)
� 0.05 87.9 (82.1–92.4) 78.1 (66.0–87.5) 91.6 (86.3–95.3) 70.4 (58.4–80.7)
� 0.1 79.3 (72.5–85.1) 84.4 (73.1–92.2) 93.2 (87.9–96.7) 60.0 (49.1–70.2)
� 0.5 21.3 (15.4–28.1) 98.4 (91.6–100.0) 97.4 (86.2–99.9) 31.5 (25.1–38.4)

Data are presented as % (95% CI).

Table 3. Performance of the Method for Detection of Pharyngeal Residue in the Vallecula Based on 4 Cutoff Points

Proportion of High
Echogenicity Area

Sensitivity Specificity
Positive Predictive

Value
Negative Predictive

Value

� 0 86.7 (75.4–94.1) 63.6 (40.7–82.8) 86.7 (75.4–94.1) 63.6 (40.7–82.8)
� 0.05 85.0 (73.4–92.9) 81.8 (59.7–94.8) 92.7 (82.4–98.0) 66.7 (46.0–83.5)
� 0.1 75.0 (62.1–85.3) 86.4 (65.1–97.1) 93.8 (82.8–98.7) 55.9 (37.9–72.8)
� 0.5 5.0 (1.0–13.9) 100.0 (84.6–100.0) 100.0 (29.2–100.0) 27.9 (18.3–39.1)

Data are presented as % (95% CI).
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in the pyriform sinus before using test foods or liquids,
pharyngeal clearance will be insufficient because of the
presence of secretions. Such patients may silently aspirate
secretions and are at a high risk for aspiration pneumo-
nia.26 Suctioning is needed to prevent aspiration pneumo-
nia in these cases. We propose ultrasound assessment of
pharyngeal residue before and during mealtimes. The po-
sitioning of the transducer on the neck during pre- and
post-swallowing was well tolerated by subjects, and we
were able to see the pyriform sinus in all subjects. How-
ever, for some individuals, the visualization of the epiglot-
tic vallecula was impossible because of the difficulty to
position the transducer on the narrow area between the
neck and the chin. A smaller transducer should be devel-
oped for these cases.

The main limitation of this study is that the ultrasound
examinations were performed by a single experienced
nurse. Because we aimed to investigate the performance of
detecting pharyngeal residue with ultrasound examination
according to a new method, we limited our design to a
single operator with high scanning and observation skills.
Structured training programs will be needed to teach the
skills for ultrasound imaging and the observation methods
for detecting pharyngeal residue. Future studies are needed
to evaluate the reproducibility of our results by nurses who
complete training programs for ultrasound examination us-
ing this method. Moreover, image-processing methods that
automatically color regions of aspirated boluses in ultra-
sound images have contributed to improvement for per-
formance of aspirated-bolus detection.27 It was difficult to
establish a standard of semiquantitative classification of res-
idue in ultrasound images in this study because we did not
know whether the size of the high-echogenicity areas in
ultrasound images correlated with the amount of pha-
ryngeal residue. Future studies to investigate the rela-
tionship between the level of the pharyngeal residue and
the size of the high echogenicity is needed for a semi-
quantitative evaluation. We believe that our image pro-
cessing method will be useful for validated pharyngeal
residue evaluation in the pyriform sinus and the epi-
glottic vallecula.

Another limitation of this study is that the first part of the
study, which aimed to define the optimal position of the scan
and transducer, used data from only 4 healthy subjects. We
excluded individuals with a history of laryngectomy or glos-
sectomy; therefore, the results were generalized to individu-
als with dysphagia. We need to confirm the applicability of
thescanningmethodfor the individualswithstructuralchanges
in the oropharyngeal area in the next step.

Conclusions

The transverse ultrasound scan above the thyroid carti-
lage and hyoid bone enabled visualization of the pyriform

sinus, epiglottic vallecula, and pharyngeal residue. The
presence of high-echogenicity areas resulted in a sensitiv-
ity of 92.0% and a specificity of 71.9% for detecting pha-
ryngeal residue in the pyriform sinus and a sensitivity of
86.7% and specificity of 63.6% for detecting pharyngeal
residue in the epiglottic vallecula.
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