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INTRODUCTION

Unsedated transnasal esophagogastroduodenoscopy (EGD) 
has been proven to be useful for examinations of the upper 
gastrointestinal tract with good feasibility and tolerability. The 
use of a small-caliber endoscope decreases choking sensations 
and gagging episodes; hence, it is less stressful to the digestive 
system of the patient.1-6 However, a limitation of transnasal 

EGD is its poor scope lens cleaning function due to the weak 
spraying of the washing solution and aspiration of fluid com-
pared with a conventional endoscope.7-10 

An unclear endoscopic view of the target field can adversely 
affect accurate endoscopic diagnosis. Previously, we reported 
the usefulness of oolong tea, which contains saponins with 
surfactant action, as a lens cleaning solution for transnasal 
EGD,7 although the effects were limited and sometimes inade-
quate for routine clinical applications.11,12

A new type of lens cleaner (Cleash®; Fujifilm Co., Tokyo, 
Japan), which contains nonionic harmless surfactants became 
available for purchase in Japan in 2015. Although it was re-
cently reported that a very low concentration (0.5%) of Cleash 
solution improved the adherence of water droplets to the 
endoscope lens,12 its lens cleaning ability has yet to be exam-
ined. In this study, we evaluated the efficacy of a lens cleaning 
solution consisting of 5% Cleash solution for transnasal EGD 
with a small-caliber endoscope in both basic and clinical ex-
aminations.
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PATIENTS AND METHODS

We initially determined the optimum concentration of the 
new lens cleaner (Cleash; Fujifilm) for use as a washing solu-
tion. To obtain a high cleaning effect, we determined that a 
high concentration of Cleash solution would be needed. How-
ever, with higher concentrations, inconvenient bubbles were 
generated through the endoscopic spray from the water-jet 
nozzle. To counteract this effect, we added dimethicone as a 
washing solution to reduce the bubbles. Additionally, we tested 
various concentrations of Cleash and dimethicone, and finally 
decided to adopt a 5% concentration, which was obtained by 
adding 10 mL of Cleash and 10 mL of dimethicone to 180 mL 
of distilled water.

An in vitro study (Study I) and a randomized prospective 
clinical study (Study II) were subsequently performed to 
evaluate the efficacy of the 5% Cleash solution for cleaning 
the lens of small-caliber endoscopes used for transnasal EGD 
examinations.

Study I
Using artificially soiled lenses of small-caliber endoscopes, 

we evaluated the cleaning effect by determining the image 
quality of photographs obtained after endoscopic lens cleaning 
procedures. Three washing solutions, namely, a 5% Cleash 
solution, obtained by adding 10 ml of Cleash and 10 mL of di-
methicone to 180 mL of distilled water (C), a 5% dimethicone 

solution, obtained by adding 10 mL of dimethicone to 190 
mL of distilled water (D), and distilled water only (W), were 
used for cleaning the lens of a small-caliber endoscope (GIF-
XP260N; Olympus Medical Systems Co., Tokyo, Japan).

First, the tip of the endoscope was immersed in pork grease 
heated to 37˚C. Then, photographs of 2 different test charts 
were obtained after a lens-cleaning procedure that consisted of 
ejection of each washing solution and subsequent air from the 
endoscopic jet nozzle for 5 seconds each. Photographs were 
obtained after every soiling and cleaning procedure, with a 
total of 12 procedures performed with each cleaning solution. 
We used pork grease as the soiling material because of its tur-
bid and sticky characteristics similar to those of lipids and pro-
teins. Furthermore, we considered that pork grease resembles 
lens contamination caused by high frequency devices used 
during therapeutic endoscopy procedures such as endoscopic 
submucosal dissection (ESD).

The quality and clarity of the photographs was evaluated. 
Photographs were taken at a distance of 5 cm from each test 
chart. Image quality was evaluated by 7 expert endoscopists 
with no prior knowledge of the washing solution used, with 
the results categorized into 5 levels as follows: over 50% of the 
field is unclear (level 1), clarity midway between level 1 and 3 
(level 2), approximately 80% of the field is clear (level 3), clarity 
midway between levels 3 and 5 (level 4), the entire field is clear 
(level 5). Representative photographs from each group are 
shown in Fig. 1. Based on our results, we judged that (D) was 

Fig. 1. Photographic images of two different test charts observed through the lens of a (GIF-XP 260N; Olympus, Tokyo, Japan) endoscope soiled by pork grease and 
then subjected to cleaning. (A) Level 5 cleanliness. (B) Level 3 cleanliness. (C) Level 1 cleanliness.
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not suitable for clinical use because obstruction of the spray 
nozzle frequently occurred. Finally, we decided to use (C) and 
(W) (control) for the clinical study of the washing solutions.

Study II
For clinical evaluation of the efficacy of the (C) for lens 

cleaning, we performed a randomized controlled prospective 
study. Patients (n =996) scheduled to undergo unsedated 
transnasal EGD for abdominal symptoms or an annual med-
ical check between July and September 2017 at Izumo City 
General Medical Center, Shimane, Japan were enrolled. Those 
who underwent upper gastrointestinal tract surgery were ex-
cluded from the study. The diameter of the small-caliber endo-
scope used was 5.9 mm (EG-580NW2 or EG-L580NW; Fujif-
ilm) or 5.5 mm (GIF-XP 260N; Olympus, Tokyo, Japan), with 
the type randomly selected for each procedure. Patients were 
randomly assigned to the C-group (10 mL of Cleash and 10 
mL of dimethicone in 180 mL of distilled water) or W-group 
(distilled water only). The washing solutions were placed in a 
covered washing solution tank by the medical support staff, 
while the endoscopist was blinded to the solution used. The 
color of each of the washing solutions were also such that the 
endoscopist could not distinguish between them during the 
endoscopy procedure.

Three aspects of each procedure were evaluated: the vol-
ume of washing solution used during the examination, stress 
level of the attending endoscopist due to lens contamination, 
and level of cleanliness of the endoscopic lens. The volume 
of washing solution used was determined by measuring the 
volume remaining in the tank at the end of each examination. 
Immediately after EGD, the endoscopist judged the level of 
stress due to lens contamination and the level of cleanliness 
during the procedure using five grades: level 1 (very stressful, 
impossible to provide accurate diagnosis), level 2 (between 
levels 1 and 3), level 3 (normal, possible to diagnose but with 
some difficulties), level 4 (between levels 3 and 5), and level 5 
(no stress, fully satisfied with quality of the image).

All the procedures were performed by expert gastroenter-
ologists experienced with transnasal insertion of an ultrathin 
endoscope. Preparation for EGD was performed in the same 
manner for all cases, as follows. Initially, the patient was 
provided a solution containing dimethicone and pronase as 
premedication to improve mucosal visibility, and naphazoline 
nitrate spray was applied to both the nostrils to prevent nasal 
edema and hemorrhage. Next, local anesthesia with 2% lido-
caine gel was administered to the nostrils, and a pretreatment 
nasal catheter (14 or 16 Fr; Fujifilm, Tokyo, Japan) coated with 
lidocaine gel was gently inserted into either nostril so that the 
patient would not feel pain until the beginning of the exam-

ination. All procedures were done without administration of 
scopolamine butylbromide or glucagon. None of the enrolled 
patients received any premedication or sedation before or 
during the procedure. Written informed consent was obtained 
from patients prior to the transnasal EGD procedure. The 
study protocol was approved by the ethics committee of Izumo 
City General Medical Center (registration number: 29-10).

Statistical analysis
The sample size for the clinical study was determined 

according to the findings of a pilot study. We adopted an ob-
jective indicator for the volume of washing solution used in a 
single endoscopic examination. In the pilot study, the mean 
amount of washing water used was 9.1 mL. We predicted that 
use of the Cleash solution would result in a decrease in wash-
ing solution volume used during the examination of approxi-
mately 20% as compared to distilled water. A sample size of at 
least 485 patients per group was calculated to be necessary for 
a statistically significant difference between the groups in or-
der to obtain a test power greater than 80% with a significance 
level of 0.05 in a two-tailed test.

Statistical analyses to compare the groups in each study 
were performed with a χ2 test, Mann–Whitney U test, Fried-
man test, and Kruskal–Wallis rank test. Analysis with the 
Kruskal-Wallis rank test was done only when the Friedman 
test showed a significant difference. Categorical data were 
compared with either Student’s t-test or Welch’s test. P-values 
of less than 0.05 were considered significant.

RESULTS

Study I
The results of the present in vitro study of the cleaning 

effects after pork grease-soiling on the endoscope lens are 
shown in Fig. 2. The image quality of the photographs in the 
C-group was consistently better than that of the other groups. 
Furthermore, the C-group had visual quality maintained at a 
high level even when the soiling and cleaning procedures were 
repeated. In contrast, the visual quality of the images obtained 
in the D- and W-group showed marked deterioration when 
the soiling and cleaning procedures were repeated.

Study II
The characteristics of the enrolled patients in the clinical 

study are shown in Table 1. The C- and D-groups each con-
tained 498 patients. No statistically significant differences were 
found between the groups for categorical data, including age, 
sex, duodenum observation rate, and numbers of biopsy and 
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chromoendoscopy cases. There were no critical complications 
or difficulties with the endoscopic systems experienced during 
any of the examinations. When (C) was used, no obstruction 
of the spray nozzle caused by the dimethicone solution oc-
curred. Moreover, there was no adverse reaction between (C) 
and any of the disposable materials, such as biopsy forceps or 
spraying catheter.

Volumes of washing solution used for lens cleaning in both 
groups are shown in Fig. 3. The mean volumes (±SE) in the 
C- and W-groups were 9.4±1.2 and 11.6±1.5 mL, respective-
ly, and significantly lower in the C-group (p<0.05). Stress lev-
els reported by the endoscopists due to lens soiling are shown 
in Fig. 4. The mean levels were 4.5±0.8 and 3.9±1.1, respec-
tively, with the C-group statistically superior. Cleanliness levels 
are shown in Fig. 5. Those mean values were 4.5 ±0.8 and 
4.0±1.0, respectively, with the C-group again statistically su-
perior to the W-group.

Fig. 3. Solution volume used for lens cleaning during esophagogastroduode-
noscopy procedures. The one used in the C-group was significantly smaller as 
compared to the W-group (p<0.05).
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Fig. 2. The effect of various cleaning solutions on pork grease-soiled lens. 
The effect of the 5% Cleash solution (C) was consistently superior to that of the 
5% dimethicone solution (D) and distilled water (W). Furthermore, visual quality 
remained high with (C) even with repeated soiling and cleaning procedures.
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Table 1. Study II Patient Characteristics

C-group W-group

Mean age, yr 54.1±13.6 53.5±12.0

Male : Female 222 : 276 244 : 254

Duodenum observation rate (%) 100 100

Endoscopic procedures
Biopsy, n (%)
Chromoendoscopy, n (%)

19 (3.8)
57 (11.4)

18 (3.6) 
60 (12.0)

Fig. 5. The level of lens cleanliness during esophagogastroduodenosco-
py. The level found in the C-group was significantly higher compared to the 
W-group.
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Fig. 4. Endoscopist stress level due to lens soiling during esophagogastro-
duodenoscopy procedures. The stress level from the C-group was lower com-
pared to the W-group.
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DISCUSSION

We previously reported the lens cleaning efficacy of oolong 
tea during transnasal EGD with a small-caliber endoscope.7 
Oolong tea contains saponin, which has a surfactant effect ad-
vantageous for lens cleaning.13 However, the effect was limited, 
and we found lens soiling during small-caliber endoscopy to 
be a common concern in daily practice at our institution.

To obtain a higher level of lens cleaning, we used a washing 
liquid containing Cleash, a commercial lens cleaner, which 
involved consideration of 3 important issues. The first issue 
examined was the effect of Cleash on the endoscopic equip-
ment and accessories. With the help of Fujifilm Co., we were 
able to confirm that there were no deleterious effects on the 
function of any of the endoscopic equipment or various acces-
sories (snare, knife, injection needle, etc.). The second issue 
considered was the toxicity of this washing liquid. Yoshida et 
al. reported that no significant change in toxicity index was 
observed when model rats were administered Cleash at 2,000 
mg/kg of body weight and there was also no effect on gastric 
ulcers in those rats.11 In our previous investigation, we found 
that the amount of washing solution used during transnasal 
EGD ranged from 10 to 15 mL, while in the present study, 
the amount of Cleash used ranged from 0.5 to 0.75 mL per 
examination. The amount of fatty acid polyglycerol esters in 
0.75 mL of Cleash is 0.15 g, while the limit for human toxicity 
has been estimated to be 20 g according to the Food Sanitation 
Department of Japan and basic research results. Thus, we con-
sidered that a 5% Cleash preparation may be safely used as a 
washing solution for patient examinations in the clinical study. 
The third issue was inconvenient bubbles created by the sur-
factant when spraying the washing solution containing Cleash 
onto an endoscope lens. In order to obtain a suitable cleaning 
effect, it was necessary to increase the concentration of Cleash. 
However, higher concentrations led to formation of more bub-
bles. Thus, we added dimethicone to suppress bubble forma-
tion, and carefully examined the best concentrations of Cleash 
and dimethicone prior to performing the present study. The 
results of an in vitro pilot study on the cleaning ability of 1%, 
2.5%, and 5% Cleash solutions showed that lower concentra-
tions were insufficient for cleaning. In addition, we examined 
the best concentration of dimethicone to suppress bubble 
formation when using a 5% Cleash solution and concluded 
that the same amounts of each provided the best results. Thus, 
we produced a 5% Cleash solution by adding 10 mL of Cleash 
and 10 mL of dimethicone to 180 mL of distilled water in the 
tank.

Maintaining a clear endoscopic field of view is very import-
ant, not only for transnasal EGD with a small-caliber endo-

scope, but also for transoral endoscopy with a conventional 
endoscope and therapeutic endoscopy procedures such as 
ESD.14,15 In Study I, a basic in vitro investigation, we used pork 
grease for soiling the endoscope lens. It is known that mucous 
soiling can be removed and cleansed by a water jet from the 
endoscopic nozzle because of its hydrophilic quality. On the 
other hand, lens soiling that is difficult to remove with a water 
jet alone is mainly caused by fats, proteins, and other compo-
nents from residual food or body composition. Furthermore, 
since lens soiling encountered during ESD is caused by fats 
and proteins produced by the actions of the knife, we consid-
ered that pork grease would be suitable for our experiments 
in Study I. The 5% Cleash solution significantly improved lens 
cleaning with the small-caliber endoscopes as compared with 
the 5% dimethicone solution and distilled water preparations 
when the soiling and cleaning procedures were repeated. Fur-
thermore, the washing effect of the 5% Cleash solution was 
clearly superior as compared to oolong tea in our previous 
study.7 This effect is considered to be useful in clinical practice 
for transnasal small-caliber endoscopy examinations and may 
also be applied for therapeutic endoscopy procedures such as 
ESD. On the other hand, spray nozzle obstruction was often 
encountered with the 5% dimethicone solution in contrast to 
the 5% Cleash solution, even though it contained the same 
amount of dimethicone, thus we speculated that Cleash pro-
vides a cleaning effect inside the nozzle. Indeed, no problems 
with obstruction occurred during the 3-month clinical re-
search period or subsequent ongoing clinical use.

Based on our results, we consider that the present 5% Cleash 
solution provides a higher level of satisfaction in regard to lens 
cleaning and its superiority is the most important finding of 
this study. Although the volume of washing solution used for 
lens cleaning and endoscopist stress level may not be suitable 
for direct evaluation of lens cleaning effect, they are considered 
to be valid surrogate markers in association with the better 
endoscopic view provided by use of the 5% Cleash solution. 

This study had some limitations. First, though the volume 
of washing solution used for lens cleaning may be affected by 
individual patient conditions (mucus in the nasal cavity, resi-
due in the stomach, etc.), the methods for nasal anesthesia and 
gastric preparation were performed in the same manner for all 
cases, nevertheless, the condition of the present patients were 
relatively uniform. Second, endoscopist stress level and lens 
cleanliness level are indicators measured in a subjective man-
ner. It is possible that accuracy may be improved by counting 
the number of lens cleanings and recording endoscopy time as 
objective indicators. However, as shown in Figs. 3, 4, and 5, the 
standard deviation was small and the present indicators were 
considered useful for the present evaluation. 
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Recently, Yoshida et al. reported findings showing that a 
very low concentration (0.5%) of Cleash solution improved 
water droplets adhering to an endoscope lens.12 However, in 
our experience, we think that it is difficult to obtain sufficient 
cleaning effect with such a low concentration. Furthermore, 
they reported a unique lens cleaning method using Cleash 
during colonic ESD in which the endoscopic hood is pressed 
against the mucosa to create an enclosed space, then, a stock 
solution of Cleash is injected via the endoscopic channel and 
maintained for 30 seconds.11 This method is not easy to apply 
and the amount of Cleash used is greater than the one used in 
the present study, in which a 5% solution was simply placed 
in the tank of the device. In our study, the amount of Cleash 
used in the gastrointestinal tract is small and the level of safety 
is high. As for the cost, the average amount of Cleash used for 
each examination was 0.58 ml, thus the cost was approximate-
ly 12.2 yen per endoscopic examination, which we concluded 
to be good cost performance. Furthermore, we consider that 
the present method may be effective for therapeutic endos-
copy procedures, such as ESD, based on our ongoing clinical 
findings.

Maintaining a clear endoscopic view is very important not 
only for transnasal EGD, but also for therapeutic endoscopy 
procedures such as ESD, to provide accurate diagnosis as well 
as manipulation. The present 5% Cleash solution was found to 
be superior to distilled water for lens cleaning and good visibil-
ity was obtained during EGD with a transnasal small-caliber 
endoscope. Furthermore, the method is very convenient and 
highly safe, and may contribute to improving the accuracy of 
endoscopic diagnosis and therapy.
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