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Abstract

　Aspiration is the passage of food or liquid through the vocal folds and into the larynx or lower respi-
ratory tract. Silent aspiration, which does not produce a reflective cough or other overt cues, is associat-
ed with an increased risk of aspiration pneumonia, which is a common cause of death among Japanese 
elderly people. Therefore detecting aspiration by imaging method is an important part of preventing as-
piration pneumonia. We experienced two dysphagia elderly patients with aspiration during the videoflu-
oroscopy (VF) examination. One of the patients was diagnosed as silent aspiration. We simultaneously 
performed B-mode video ultrasonography (BV-US) with VF examination for both patients. BV-US re-
vealed the vocal folds as a hyperechoic object that vibrated during speaking, so we used this region as a 
landmark during our examination. We used honey-thick barium liquid and nectar-thick barium liquid for 
the VF examination. We found that aspiration, which occurred when the bolus passed below the vocal 
folds, could be observed in BV-US images. An aspirated bolus appeared as a hyperechoic line along the 
tracheal wall in both patients. To our knowledge, this is the first report that a bolus in the tracheal in-
side can be observed with BV-US. This new finding suggests that BV-US has potential for detecting as-
piration during swallowing.

Introduction
	 Pneumonia is the third leading cause of death 
in Japan. Aspiration pneumonia accounts for 90 

% of pneumonia deaths, which predominantly oc-
cur in elderly people 1）. Aspiration is defined as 
the passage of food or liquid through the vocal 
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folds, and into the larynx or lower respiratory 
tract 2）. Repeated aspiration may cause bacteria 
within food or saliva to accumulate in the lungs, 
resulting in aspiration pneumonia 3）. Silent aspira-
tion, which does not produce a reflective cough 
or other overt cues, is associated with an in-
creased risk of aspiration pneumonia because it 
is sometimes overlooked by non-imaging bedside 
assessments 4）5）. Therefore, early detection of 
aspiration, including silent aspiration, by imaging 
technique is necessary to reduce the risk of aspi-
ration pneumonia.
	 Videofluoroscopy (VF) and videoendoscopy (VE) 
are useful methods for assessing dysphagia 6）7）.  
For instance, silent aspiration can only be de-
tected using these imaging techniques. However, 
both technologies have limitations. VF exposes 
patients to radiation and requires the use of a 
contrast medium, such as barium sulfate 8）. Al-
though VE examination can be conducted at a 
patient’s bedside using their regular food, this 
method requires the insertion of an endoscope 
through the nose into the larynx. 
	 Several studies have revealed that B-mode 
video ultrasonography (BV-US) can be used to 
track the movement of the tongue and hyoid 
bone during swallowing 9）10）. It is possible to 
identify the tongue and hyoid bone using this 
technique because these regions are surrounded 
by tissue with differing acoustic impedances. 
However, this technique has not yet been used 
to observe the passage of food or liquid through 
the vocal folds, and so whether BV-US can be 
used to detect aspiration is unknown. BV-US is 
noninvasive, and so it is a desirable method for 
detecting the presence of an aspirated bolus in 
the trachea of an individual, which ultimately 
can lead to appropriate swallowing care. We will 
be able to prevent aspiration by modifying food 
and liquid viscosity based on the result of BV-US 
examination. In the current study, we present 
ultrasonographic findings of aspiration during 
swallowing in two patients, and consider the pos-
sibilities of using this method for assessment of 
dysphagia. 

Methods
	 1. Research design and participants
	 Two case studies were conducted from July 
to August 2012. All data were collected at the 
dysphagia outpatient clinic of a general hospital 
in Chiba prefecture, Japan. We recruited two 
patients who underwent VF examination in the 
hospital. The study protocol was approved by 
the Ethical Committee of the Graduate School 
of Medicine at The University of Tokyo (#3260). 
We obtained written informed consent from all 
participants.
	 2. BV-US examinations
	 Both patients were examined using VF while 
they sat in an upright position in a wheelchair. 
The wheelchair had a backrest that enabled 
manual body angulation. We did not fix the head 
and neck positions of the participants, as we 
wanted them to be able to swallow in a posture 
that felt comfortable. First, a transducer for the 
longitudinal scan was placed above the vocal 
folds (Fig. 1A). Then, each patient was asked 
to speak. We detected the vibrations of the vo-
cal folds on the display screen, which we used 
as landmarks for movement during swallowing 
(Fig. 1B). We could detect the skin observed as 
the top layer. The upper tracheal wall was ob-
served as a hyperechoic line below the cricoid 
cartilage, which was observed as a hypoechoic 
area. While the VF examination was performed, 
we used BV-US to track swallowing movement 
around the vocal folds. The operator held the 
transducer in place during swallowing and en-
sured that the swallowing movements were not 
disturbed. For the BV-US examination, we used 
M-turbo ultrasound system (Sonosite, Bothwell, 
WA, USA) equipped with a linear (6-15 MHz) 
transducer. The gain and dynamic range were 
adjusted according to the quality of the image. 
The image depth was set at 4 cm to bring the 
trachea into the focal point.

Results
Case 1
	 A 60-year-old man was admitted to the hos-
pital to be treated for cerebral infarction. Dur-
ing his stay at the hospital he received enteral 
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nutrition via a nasogastric tube. We used VF to 
evaluate his ability to engage in partial oral feed-
ing.
	 The participant was asked to swallow honey-
thick barium liquid from a cup while his head 
was oriented up in a 90-degree position. VF 
analysis revealed that part of the bolus passed 
through the vocal folds and entered the trachea 
(Fig. 2A, C, E). The participant did not exhibit 
any cough symptoms, so he was diagnosed as 
having silent aspiration. To reduce his risk of 
aspiration pneumonia, we recommended that he 
continue to use a nasogastric tube for feeding. 
We also suggested that he engage in exercises 
to increase his range of motion and practice in-
tensive oral maintenance.
	 Before he began to swallow the bolus, the BV-
US image displayed his vocal folds as a vibrat-
ing hyperechoic object (Fig. 2B). The vocal folds 
disappeared from the BV-US display during the 
swallowing because of the laryngeal elevation. 
The upper tracheal wall appeared as a hyper-
echoic line. The lumen appeared as a dark shade 
of gray because it contains a lot of air, which 
causes high attenuation. When the swallowing 
reflex occurred, a hyperechoic line appeared 
along the tracheal wall (Fig. 2D). The line then 
moved in an inferior direction and disappeared 

from the tracheal area (Fig. 2F).

Case 2
	 A 76-year-old man underwent VF examination 
to determine his optimal fluid viscosity for swal-
lowing. He had a history of Parkinson’s disease 
and cerebral infarction. He reported that his fa-
cial paralysis had recently become more severe.    
	 The participant was asked to swallow nectar-
thick barium liquid with his head oriented up 
in a 90-degree position. VF analysis revealed a 
slight black shadow in the trachea prior to the 
swallowing reflex (Fig. 3A). When the swallow-
ing reflex occurred most of the bolus passed 
through the esophagus, although a portion of the 
bolus entered the lower trachea (Fig. 3C). The 
remaining part of the bolus stayed within the 
trachea after swallowing (Fig. 3E). The patient 
presented with a cough after swallowing. Con-
sequently, we recommended that he use food 
thickener with a higher viscosity to reduce the 
risk of aspiration. Before swallowing, the BV-
US image displayed his vocal folds as a vibrating 
hyperechoic object. The lumen of the trachea 
appeared as a dark shade of gray, and a hyper-
echoic object was observed in the tracheal area 
(Fig. 3B). When the swallowing reflex occurred, 
a hyperechoic line immediately appeared in the 

Figure. 1  Anatomy of the larynx (A) and BV-US image of the larynx (B)

Figure Legends
Fig. 1  Anatomy of the larynx (A) and BV-US image of the larynx (B)
	 The transducer is placed so that it can detect the vocal folds as a landmark (A). 
	 The top layer represents skin (1), the hypoechoic area represents cricoid cartilage (2), the hyperechoic line below the cricoid 
cartilage represents tracheal wall (3), and the hyperechoic objects in the trachea represent vibrating vocal folds (4). 
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Figure. 2  Images of a 60-year-old man of VF and BV-US

Fig. 2  Images of a 60-year-old man of VF and BV-US 
	 The serial numbers represent the same organs as figure 1. Before swallowing there was no bolus in the trachea (A). Before 
swallowing, the vibrating vocal folds appear as a hyperechoic object in the BV-US image. The upper tracheal wall appeared as a 
predominantly hyperechoic line (B). The honey-thick barium liquid in the trachea is represented as a black narrow shadow in the 
VF image (white arrowhead) (C). The aspirated liquid appeared as a hyperechoic line in the BV-US image along the upper tracheal 
wall (white arrowhead) (D). After the swallowing, the barium liquid disappeared from the trachea in the VF image (E). The hyper-
echoic line along the upper tracheal wall also disappeared from the BV-US image after swallowing (F).

Figure. 3  Images of a 76-year-old man of VF and BV-US

Fig. 3  Images of a 76-year-old man of VF and BV-US
	 The serial numbers represent the same organs as figure 1. Before swallowing, the remaining aspirated bolus appeared as a 
slight black shadow in the VF image (white arrowhead) (A). The vocal folds appear as a hyperechoic object in the BV-US image. 
The upper tracheal wall was observed as a predominantly hyperechoic line. The remaining aspirated bolus was observed as a hy-
perechoic line in the BV-US image (white arrowhead) (B). When the swallowing reflex occurred, additional aspirated nectar-thick 
barium liquid was observed in the trachea in the VF image (C). The aspirated liquid appeared as a hyperechoic line along the 
tracheal wall (D). The remained aspirated barium liquid is shown in the lower region of the VF image (E). A corresponding hyper-
echoic line is seen in the lower region of the BV-US image (F). 
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tracheal area and then remained in an inferior 
direction (Fig. 3D, F). The vocal folds disap-
peared from the BV-US display during the swal-
lowing because of the laryngeal elevation as it is 
for case 1.

Discussion
	 In this study, we report our findings from two 
cases in which we used BV-US to identify the 
passage of a bolus through the vocal folds. Aspi-
rated bolus in the trachea was observed as a hy-
perechoic line moving along the trachea wall in 
both patients by the BV-US examination. To our 
knowledge, this is the first time this technique 
has been used to detect aspiration. 
	 Generally speaking, BV-US is not an obvious 
choice for observing aspiration because the air in 
the trachea causes high ultrasound attenuation, 
making it difficult to discern the anatomy in-
volved. As a result, published ultrasound images 
of the trachea during swallowing are scarce, al-
though several reports have included BV-US im-
aging of the bolus in the oral cavity during the 
different phases of oral and pharyngeal swallow-
ing 11−13）. There are some amounts of air present 
in the oral cavity and the pharynx, so we fo-
cused on the region around the vocal folds when 
imaging the aspirated bolus, as ultrasound atten-
uation by air would be minimal in this location. 
BV-US observation of the vocal folds indicated 
that the trachea was sufficiently narrow at the 
vocal folds to permit visualization of the bolus in 
the trachea 14）. As expected, we found reduced 
ultrasound attenuation by air around the vocal 
folds, enabling us to obtain good visualization of 
the bolus in the trachea. Barium sulfate, which 
contains some air bubbles, also facilitated BV-US 
visualization because the difference between the 
acoustic impedance of the bubbles and the sur-
rounding liquid was high. As a result, we were 
able to detect aspiration, which was indicated 
by a hyperechoic line moving along the tracheal 
wall. We were able to confirm that the observed 
hyperechoic objects were equivalent to the aspi-
rated bolus by comparing the BV-US images to 
the simultaneously obtained VF images.
	 Several non-imaging based tests are used to 

screen for dysphagia. They include the water 
swallowing test 15）, the food test 16）, and the re-
petitive saliva swallowing test 17）. These tests are 
convenient because they do not require any spe-
cial equipment. However, silent aspiration may 
not be detected because these tests use cough-
ing as an indicator of aspiration. Recently, some 
researchers indicated that the cough test which 
takes induced cough reflex by citric acid par-
ticle inhalation as a surrogate indicator of silent 
aspiration could be a useful screening test 18）19）. 
Although the cough test has high sensitivity and 
specificity, it does not enable clinicians to acquire 
images of the aspirated bolus. In other words, 
the cough test does not provide clinicians with 
enough information to determine what bolus 
viscosity would reduce the risk of the aspiration. 
In the current study, we used BV-US to detect 
silent aspiration, which appeared as a moving 
hyperechoic line in a series of sequential images. 
We were also able to detect aspiration with flu-
ids of differing viscosities (honey-thick liquid and 
nectar-thick liquid). A bedside imaging technique 
for detecting aspiration, including silent aspira-
tion, will be useful for developing methods to 
prevent aspiration pneumonia. It is possible that, 
with BV-US imaging, clinicians will be able to 
detect aspiration earlier and thus modify food 
viscosity appropriately, thus reducing the risk of 
aspiration pneumonia. 
	 BV-US offers several advantages over VF. 
First, BV-US allows for the use of a patients’ 
regular diet. We used barium sulfate to simulta-
neously take BV-US and VF images. Air in the 
barium sulfate facilitated BV-US visualization, 
however previous studies have reported that 
liquid without barium can also be detected in 
the oral cavity 11）13）. In future studies we plan 
to examine the possibility of imaging with dif-
ferent liquids using VE without barium sulfate. 
Secondly, BV-US does not expose patients to ion-
izing radiation, thus it is more appropriate as a 
bedside examination method. BV-US swallowing 
examinations may be especially useful for bed-
ridden patients who may be difficult to transport 
to a fluoroscopy room. In other words, patients 
can undergo a BV-US examination to detect as-
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piration in their room without interrupting their 
regular feeding routine. 
	 This case study suggests that the new non-
invasive detection method based on BV-US will 
allow clinicians to provide daily appropriate 
swallowing care. Clinicians will be able to detect 
silent aspirations that have been overlooked 
by bedside screening tests and aspirations that 
have been overlooked by lack of timely detection 
methods. We will try to investigate the applica-
tion of this technique to the dysphagia patients 
with a variety of body types because quality of 
US observation largely depends on thickness of 
the fatty layer where high ultrasound attenu-
ation occurs and therefore visualization of the 
bolus within the trachea would be obscured.

Conclusion
	 We have demonstrated that aspiration during 
swallowing can be detected using the simple and 
non-invasive BV-US technique. We anticipate 
that our report will be of value in guiding medi-
cal professionals, such as clinicians and nurses, in 
the use of this tool for the bedside assessments 
of patient swallowing function.
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要　　旨

　誤嚥とは食物や水分が声帯を超え喉頭以下の下気道に流入することである。特にむせ等の臨床的兆候を
生じない不顕性誤嚥は本邦の高齢者の死因の多くを占める誤嚥性肺炎のリスク要因となっている。そのた
め誤嚥性肺炎を予防するには誤嚥を画像検査によって検出することが重要である。今回嚥下造影検査（VF）
にて誤嚥が検出された 2 名の高齢者についてＢモード超音波検査（BV−US）を同時に施行した症例を報
告する。うち １ 名は不顕性誤嚥の患者であった。BV−US画像において声帯は発生時に振動する高輝度な
物質として描出されており検査時にランドマークとして用いた。検査食にはハチミツ状およびネクター状
の粘度のバリウム溶液を用いた。BV−USにおいて嚥下物質が声帯を超える状態である誤嚥を観察するこ
とが可能であり、誤嚥物質は気管壁に沿う高輝度な線状所見として観察された。本研究はBV−USにおい
て気管内の誤嚥物質を観察した初の研究である。この結果BV−USにて嚥下時の誤嚥を観察できる可能性
が示唆された。
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