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Abstract
AIM: To develop a new continuous suction mouth-
piece (CSM) and evaluate its usefulness for screening 
esophagogastroduodenoscopy (EGD). 

METHODS: A total of 196 patients who were sched-
uled to undergo screening EGD were assigned to one 
of two groups: a group using the CSM and a group us-
ing a conventional mouthpiece. Extent of salivary flow, 
frequency of saliva suction, number of choking episodes 

during the examination, and incidence of aspiration 
pneumonia after the examination were evaluated and 
compared between the two groups. Adverse events dur-
ing and after EGD were also examined. In addition, the 
oral cavity was meticulously examined after the EGD.

RESULTS: The same number of patients was ran-
domly allocated to each group. There were no signifi-
cant differences between the two groups in sex, age, 
biopsy procedure, duration of procedure and depth of 
sedation. Aspiration pneumonia and other significant 
adverse events were not observed in either group. The 
grade of extent of salivary flow was significantly lower 
in patients with the CSM than in patients with the con-
ventional mouthpiece (P  < 0.001). Although there was 
no significant difference, less frequent suctioning and 
fewer choking episodes were observed in patients with 
the CSM than in patients with the conventional mouth-
piece (P  = 0.082 and P  = 0.084, respectively). In ad-
dition, there were no patients in the CSM group who 
required saliva suctioning during the procedure.

CONCLUSION: Use of the CSM during screening EGD 
can reduce the extent of salivary flow. The device is 
expected to reduce complications and contamination 
with saliva. 

© 2013 Baishideng. All rights reserved.
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Core tip: Control of salivary flow during endoscopic ex-
amination is important. We focused on a mouthpiece 
designed for control of saliva in this study. First, we 
produced a new continuous suction mouthpiece (CSM). 
Then, we evaluated its usefulness for esophagogas-
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troduodenoscopy (EGD). This study indicates that the 
CSM can reduce the extent of salivary flow during 
EGD. Moreover, it tended to reduce the frequencies of 
suction and choking episodes during EGD.
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INTRODUCTION 
Screening esophagogastroduodenoscopy (EGD) is a com-
mon examination that is useful in detecting upper gastro-
intestinal disease. Hence, it is increasingly performed for 
patients. However, performance of  EGD is associated 
with the risk of  certain adverse events, including aspiration, 
because EGD is often performed with sedation. A study 
reported that the rate of  aspiration during EGD with se-
dation was as high as 3.94%[1] when subclinical cases were 
included. More attention should be paid to this risk.

One of  the most important factors correlating with 
aspiration is the salivary flow induced by introduction/
extraction of  the endoscope into the oral cavity. There-
fore, control of  salivary flow during EGD is important 
for prevention of  aspiration. However, few attempts 
have been made to control salivary flow, perhaps due to 
its difficulty. Currently, the endoscopist or an assistant 
must watch for the accumulation of  saliva and suction 
it using a catheter, in case the patient undergoing EGD 
cannot discharge saliva from the mouth. In this context, 
control of  salivary flow during EGD, if  possible, might 
reduce the endoscopist’s or nurse’s suctioning efforts, 
resulting in prevention of  complications associated with 
aspiration. Moreover, contamination of  the patient’s face 
or clothes with saliva could also be minimized. 

During EGD, a hard plastic mouthpiece is used to 
protect the endoscope from being bitten and to enable 
its smooth insertion. A mouthpiece that can also suction 
saliva might be useful for preventing aspiration and con-
tamination with saliva during EGD. Accordingly, we re-
cently developed a new continuous suction mouthpiece 
(CSM), and reported its usefulness for prevention of  
complications associated with salivary flow during per-
cutaneous endoscopic gastrostomy (PEG) procedures[2]. 
The background of  the study patients in this study dif-
fered from that of  the patients in the PEG study. PEG 
is performed with the patient in the supine position, is a 
lengthy process, and is indicated for elderly patients with 
dysphagia. In contrast, EGD is performed with the pa-
tient in the left lateral position, is a shorter process, and 
is indicated for patients without dysphagia and severe 

complications.
The aim of  this study was to evaluate the usefulness 

and ability of  the CSM for prevention of  complications 
and contamination associated with saliva, including aspi-
ration, during screening EGD. 

MATERIALS AND METHODS
Equipment 
The details of  production of  the CSM were reported 
previously[2]. In summary, after cutting the junction part 
of  a non-toxic polyvinyl chloride (PVC) suction tube (Ni-
pro Suction Catheter® 14-Fr, Nipro, Osaka, Japan), the 
tube was bent double and the two sides were connected 
with two movable short bands made of  non-toxic PVC 
suction tubing (Nipro Suction Catheter® 16-Fr, Nipro). 
The three parts divided by the short bands were made 
into: a 2- to 5-cm-diameter, adjustable intraoral loop part 
with 6 smooth 2.7-mm-diameter holes for suction; a 
binding loop part to fit mouthpieces of  various sizes; and 
an extraoral part having two ends, both of  which were 
linked to the Y-shaped connector (ARAM, Osaka, Japan). 
Finally, the MB-142 mouthpiece (Olympus, Tokyo, Japan) 
was inserted into the binding loop part (Figure 1). 

For screening EGD in the CSM group, patients were 
placed on their left side and asked to bite down on the 
mouthpiece, with the intraoral loop with holes placed 
inside the left cheek. During EGD, continuous low 
pressure (10 kPa) suctioning with a suction unit (Shin-
Ei Industries, Tokyo, Japan) was performed through 
the unification tube attached to the Y-shaped connector 
(Figure 2). In control subjects, the MB-142 mouthpiece 
was used in the usual way. 

Patients and study design 
This was a single-center, prospective, randomized, con-
trolled study. Patients who underwent screening EGD in 
Nakaya Hospital (Wakayama, Japan) from February 2011 
to December 2011 were recruited. Patients were excluded 
if  they had a history of  respiratory problems that could 
increase the risk of  complications associated with aspira-
tion pneumonia and salivary flow. Eligible patients were 
randomly assigned to one of  the following groups: the 
group using the CSM, or the group using the convention-
al mouthpiece for EGD. During the EGD, salivary flow 
and complications associated with aspiration were evalu-
ated and compared between the two groups. However, 
due to its nature, this study could not be blinded. 

This study was approved by the ethics committee of  
Nakaya Hospital. Written, informed consent was ob-
tained from each patient. This study was registered with 
the University Hospital Medical Information Network 
(UMIN) (registration number UMIN000009294). The 
CSM was developed solely by our institute without any 
financial or equipment support from companies. 

EGD 
A conventional gastrointestinal videoscope (GIF-XP260N; 
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Olympus) was orally inserted into the stomach to ob-
serve the upper gastrointestinal tract. During the exami-
nation, patients were placed on their left side. EGD for 
all patients was performed by one endoscopist and one 
assistant nurse. 

Premedication with anticholinergic agents or gluca-
gon was not used. Lidocaine (8%) was sprayed into the 
posterior pharynx of  all patients before insertion of  the 
endoscope to reduce the gag reflex. Then, midazolam (1-5 
mg) was administered intravenously for sedation. Ad-
equate monitoring of  vital signs and oxygen saturation 
was performed throughout the examination. 

Outcome assessment and evaluations 
The primary outcome was occurrence of  aspiration pneu-
monia. Secondary outcomes were extent of  salivary flow, 
frequency of  saliva suction, and the number of  choking 
episodes during the procedure. Adverse events during 
and after EGD were also examined. In addition, the oral 
cavity was meticulously examined after the EGD to de-
termine whether blood blisters or any suction tube frag-
ments were present. 

The duration of  EGD using the CSM included the 
time required to bite down on the mouthpiece with the 
intraoral loop placed inside the left cheek. The level of  
sedation was defined as follows: mild, conscious seda-
tion; moderate, between conscious and deep sedation; and 
deep, deep sedation. None means no use of  sedatives. 
The extent of  salivary flow was defined as follows: grade 1, 
no flow of  saliva from mouth; grade 2, flow to the cheek; 
grade 3, flow to the ear; and grade 4, flow to hair or cloth-
ing. When a gurgling sound was heard in the oropharyn-
geal region, the assistant nurse promptly suctioned the 
saliva using the suction catheter (Nipro Suction Catheter® 
14-Fr, Nipro). Choking episodes were counted each time 
they occurred during the examination, while consecutive 
coughs or chokes were counted as one choking episode. 

Statistical analysis 
The data are expressed as medians with ranges. Data 
were analyzed using the unpaired Mann-Whitney U test 
and Fisher’s exact test. The level of  statistical signifi-
cance was P < 0.05. All analyses were performed using 
the SPSS 21.0 software package (SPSS Inc., Chicago, IL, 
United States). 

RESULTS 
A total of  196 subjects (115 men and 81 women, median 
age 62 years (range, 33-99 years) were recruited during 
the study period; all were considered eligible. Patients 
were divided equally into the CSM group and conven-
tional mouthpiece groups (both n = 98). The patients’ 
characteristics are summarized in Table 1. There were 
no significant differences between the two groups in sex, 
age, biopsy procedure, duration of  the examination and 
depth of  sedation. 

Obvious aspiration pneumonia was not observed in 
any of  the participating patients. The extent of  salivary 
flow was significantly less in patients with the CSM than 
in patients with the conventional mouthpiece (P < 0.001) 
(Figure 3A). Although there was no statistical signifi-
cance, less frequent suctioning and choking episodes 
were observed in patients with the CSM than in patients 
with the conventional mouthpiece (P = 0.082, and P = 
0.084, respectively) (Figure 3B, C). In addition, no pa-
tients in the CSM group required saliva suctioning during 
the procedure. Complete failure of  suctioning function 
did not occur in any patients with the CSM. In addition, 
neither blood blisters nor fragments of  the PVC suction 
tubes were observed in the mouths of  patients who used 
the CSM. No other significant adverse events were ob-
served in any of  the patients. 

DISCUSSION 
This is the first attempt to control salivary flow by contin-
uous suctioning during screening EGD examination. Pre-
viously, little attention has been paid to the troubles and 
complications associated with endoscopy-related salivary 
flow. This study showed that, during EGD, salivary flow 
did not extend as far out of  the mouth in patients with 
the CSM as in patients with the conventional mouthpiece. 
Moreover, fewer suctioning and choking episodes were 
observed in patients with the CSM, although the differ-
ence was not statistically significant. 

The most relevant finding of  this study is that the 
CSM could reduce the extent of  salivary flow during 
screening EGD. As shown in the results, the grade of  ex-
tent of  salivary flow was higher in patients with the con-
ventional mouthpiece, despite relatively short examination 
times. In contrast, patients with the CSM discharged less 
saliva during the procedure. This advantage implies that 
use of  the CSM during EGD could prevent exposure of  
the patient’s body or clothing and operating bed to saliva, 
resulting in relief  for the patient from the discomfort as-
sociated with drooling of  saliva. Moreover, reduced con-
tamination of  the operating bed with saliva could decrease 
the effort, time and cost required for cleanup. 

In the present study, use of  the CSM tended to reduce 
the frequencies of  saliva suction and choking episodes 
during screening EGD, although statistical differences 
were not observed. The fact that there were no episodes 
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Table 1  Patients’ characteristics

CSM MB-142 P value

Sex, male/female 56/42 59/39 0.125
Age, yr, median (range) 66 (33-99) 56 (35-96) 0.269
Biopsy (yes/no) 30:68 24:74 0.344
Duration of procedure, min, 
median (range)

8 (4-21) 7 (3-21) 0.194

Sedation, none/mild/moderate/deep 11/7/17/63 17/3/8/70 0.090

CSM: Continuous suction mouthpiece.
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of  suctioning in the CSM group could imply that the 
assistant nurse’s time and effort can be directed towards 
other, more important tasks during EGD. Reduced 
choking episodes from use of  the CSM may decrease 
the complication of  aspiration during EGD, although no 
aspiration pneumonia was observed in patients in both 
groups, perhaps due to the small number of  patients in 
this study. Thus, use of  this equipment, which can be 

easily prepared with no special materials and at a low 
cost, is recommended during screening EGD. 

Moreover, the CSM’s continuous suction creates airflow 
in the oral cavity, which may reduce the discomfort in the 
oral cavity caused by endoscopy. In the questionnaire ad-
ministered after EGD, 3 of  11 patients in the CSM group 
who did not use sedation answered that continuous suction 
during the procedure was comfortable. In this study, most 
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Figure 1  The continuous suction mouthpiece. A: The continuous suction mouthpiece (CSM) without the mouthpiece; B, C: The CSM with the mouthpiece. 
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of  the patients were sedated with midazolam and could not comment about the CSM after the procedure. Future stud-
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A B C

Figure 2  Use of the continuous suction mouthpiece. A: Image showing actual use of the continuous suction mouthpiece (CSM); B: Endoscopist’s view of the CSM 
during its use; C: Patient’s view of the CSM during its use.

Figure 3  Obvious aspiration pneumonia was not observed in any of the participating patients. A: Extent of salivary flow. The grade of extent of salivary flow 
was significantly lower in patients with the continuous suction mouthpiece (CSM) than in patients with the conventional mouthpiece (P < 0.001); B: Frequency of 
saliva suction. No suction events were observed in patients with the CSM, while 3/98 (3.1%) of the patients with the conventional mouthpiece required suctioning 
during esophagogastroduodenoscopy (EGD) (P = 0.082); C: Number of choking episodes. Although not statistically significant, less frequent choking episodes were 
observed in patients with the CSM than in patients with the conventional mouthpiece (P = 0.084).

P  < 0.001

(Grade)
4

3

2

1

Ex
te

nt
 s

al
iv

ar
y 

flo
w

CSM
n = 98

MB-142
n  = 98

A P  = 0.082

1

0

Fr
eq

ue
nc

y 
of

 s
al

iv
a 

su
ct

io
n

CSM
n = 98

MB-142
n  = 98

t

B

t
3

2

1

0

N
um

be
r 

of
 c

ho
ki

ng
 e

pi
so

de
s

CSM
n = 98

MB-142
n  = 98

P  = 0.084C

Maekita T et al . Continuous suction mouthpiece during esophagogastroduodenoscopy



ies should confirm the level of  comfort associated with use 
of  the CSM during EGD performed without sedation. 

Administration of  anticholinergic agents is an alter-
native strategy to reduce salivary secretion and peristaltic 
activity of  the gut during EGD. However, these agents 
cannot be used in patients with heart disease, glaucoma 
or prostate enlargement. In contrast, the CSM can be 
used in all patients because its use is not associated with 
any serious adverse effects. Thus, the improved mouth-
piece would be superior to anticholinergics in terms of  
controlling salivary secretion during EGD. 

The CSM may also be effective in endoscopic pro-
cedures other than EGD. Recently, we reported that the 
CSM is effective during PEG[2]. Besides EGD and PEG, 
many other kinds of  time-consuming upper endoscopic 
procedures have become commonplace, such as endo-
scopic submucosal dissection and peroral double-balloon 
enteroscopy. Since these procedures are also associated 
with an increased risk of  aspiration[3,4], use of  the CSM 
may be recommended in all patients who undergo these 
procedures. Hence, the usefulness of  this item in various 
procedures should be evaluated in the future. 

This study had several limitations. First, neither the 
endoscopist nor the assistant nurse was blind as to which 
mouthpiece was used. Since the shape of  the mouthpiece 
was different from conventional mouthpieces, blinding was 
not possible. Second, the number of  patients was too small 
to evaluate some endoscopy-related complications, such as 
the frequency of  aspiration pneumonia, the primary out-
come of  this study. This could be partly attributed to the 
study design, since the diagnosis of  aspiration pneumonia 
was based on patients’ symptoms alone. The reported rate 
of  aspiration pneumonia with conventional EGD methods 
is 3.94%, as assessed by 18F-FDG PET scan[1]. Therefore, 
the advantage of  the CSM in terms of  aspiration needs 
to be confirmed in studies that are designed for evaluat-
ing subclinical aspiration pneumonia and in older patients 
who have difficulty swallowing. Third, several factors may 
have influenced the outcome of  this study. In particular, the 
amount of  midazolam administered (1-5 mg) for sedation 
varied widely. The sedative agent might have influenced the 
extent of  salivary flow. To overcome this limitation, it would 
have been preferable if  we had defined the amount of  seda-
tive agent to be administered in mg/kg. Finally, use of  the 
CSM involves a certain amount of  time and cost. However, 
construction of  a single CSM costs no more than $1 (1 US 
dollar), in addition to the cost of  the MB-142 mouthpiece.

The CSM reduced the extent of  salivary flow during 
EGD. Moreover, it tended to reduce the frequencies of  
suction and choking episodes during EGD. This type of  
simple and inexpensive device is expected to reduce not 
only patient discomfort, but also the burden on medical 
staff  during EGD. Therefore, use of  the device in rou-
tine clinical practice is highly recommended.
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