
Introduction
Esophagogastroduodenoscopy (EGD) is one of the most com-
mon methods for diagnosing and treating upper gastrointesti-
nal diseases [1]. However, foam and bubbles usually accumu-
late in the esophagus, stomach, and duodenum, obscuring
endoscopic visibility of gastrointestinal mucosa. This increases
the opportunity for missing subtle smaller lesions [2, 3], result-

ing in decreased diagnostic accuracy and also affecting patient
comfort due to prolonged procedure time [4, 5].

Simethicone (polydimethylsiloxane and silicon dioxide) has
proven to be a good defoaming agent as an endoscopic preme-
dication to remove bubbles [6, 7]. Simethicone works by redu-
cing the surface tension of air bubbles, causing small bubbles to
coalesce and collapse to release trapped air [8]. N-acetylcys-
teine (NAC), a mucolytic agent, has also been used as premedi-
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ABSTRACT

Background and study aims Esophagogastroduodeno-

scopy (EGD), the most common method used for diagnos-

ing upper gastrointestinal diseases, is often limited by the

presence of foam and mucous. Thus, this study was de-

signed to detect whether the combination of simethicone

with N-acetyl cysteine (NAC) as premedication before EGD

improves mucosal visualization.

Patients and methods A total of 768 consenting patients

were enrolled in this prospective, double-blind, randomized

placebo-controlled trial in four groups (A: simethicone+N-

acetyl cysteine; B: simethicone alone; C: NAC alone; and D:

placebo). After 20 minutes of consuming the correspond-

ing solution, EGD was done and multiple images were ob-

tained from the esophagus, stomach, and duodenum.

Based on the various images obtained, the study param-

eters were calculated. Statistical Analysis Software (SAS)

was used to analyze the results using Kruskal-Wallis with

the Bonferroni correction method.

Results The study population consisted of 57% men and

the mean age was 44.18 years. Each group was randomized

with 192 participants. Group A (combination of simethi-

cone+NAC) premedication had the lowest total mucosal

visibility score of 8.31, a significantly lower score for mu-

cous/bubbles obscuring the vision, and less time to com-

plete the procedure. Also, 81% of the participants in group

A did not require flushing to clear the mucous/bubbles.

There were no side effects due to this premedication in

any of the groups.

Conclusions Using simethicone and NAC combined for

premedication may improve the quality of EGD.
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cation to improve endoscopic visibility by removing the mu-
cous overlying the gastrointestinal mucosa [9, 10].

The usage of premedication regimens differs among various
countries and different centers. East Asian countries like Japan
[11], Korea [12], and a few others use premedication in routine
practice before EGD. However Western [13] and West Asian
countries neither use it as their routine practice nor has it been
published in their guidelines. Many articles were published re-
garding this practice from East Asian countries only. The re-
commended premedication combination before EGD is not a
current standard of practice in this part of the world. There is a
lack of literature regarding this aspect from the Indian subcon-
tinent. Therefore, the current study was undertaken to test the
hypothesis that a combination of simethicone and NAC as pre-
medication and its effects on endoscopic mucosal visibility. The
primary outcome of the evaluation was to determine the total
mucosal visibility score (TMVS) and the secondary outcome
was to study the total duration of the procedure, the total num-
ber of lesions detected, overall mucus, and patient overall com-
fort during the procedure.

Patients and methods
Study design

This was a prospective, double-blind, randomized placebo-con-
trolled trial in a 2×2 factorial design conducted in our gastro-
enterology department. Participants were randomly assigned
to one of four groups in a 1:1:1:1 ratio to receive simethicone
+NAC, simethicone alone, NAC alone, or placebo.

Eligibility criteria for participants

Eligible participants were all adults > 18 years of age undergo-
ing diagnostic EGD. Exclusion criteria were patients with partial
or complete gastric outlet obstruction, minimum fasting <6
hours, history of active/recent gastrointestinal bleed including
melena, pregnancy, history of post-gastric surgery, phenylke-
tonuria, or suspected hypersensitivity to the study drugs.

Study location

The study took place in the Gastroenterology Department of
Pondicherry Institute of Medical Sciences, Puducherry from
September 2017 to March 2018.

Intervention

The participants in the study were asked to drink a bottle con-
taining 90mL of solution, 20 minutes before the procedure.
Each bottle comprised 15mL of emulsion+75mL of water. The
composition of emulsion for group A was simethicone 150mg+
NAC- 600mg group B was simethicone 150mg alone, group C
was NAC 600mg alone, and in group D was just plain water as
placebo.

Outcome measures

EGD was done and multiple images were taken from the esoph-
agus, stomach, and duodenum. The TMVS of each segment was
measured as the primary outcome. The total duration of the
procedure, amount of water used to flush the mucous or bub-

bles, need for suction, and lesions detected during the proce-
dure were also assessed by the endoscopists as a secondary
outcome measure.

The mucosal visibility was scored from 1 to 4 with little mod-
ification from the previously described studies [14]. Score 1 was
no adherent mucus on the gastric mucosa; 2 was a small
amount of mucus on the gastric mucosa, but not obscuring vi-
sion; 3 was a moderate amount of mucus on the gastric muco-
sa, obscuring less than one-third visibility of the mucosa; and 4
was a large amount of mucus on the gastric mucosa, obscuring
more than one-third of the mucosa. The total mucosal visibility
score was calculated from the sum of scores obtained from sev-
en different sites such as the esophagus, fundus, upper corpus,
lower corpus, antrum, duodenal bulb, and the second part of
duodenum.

The total duration of the procedure was recorded in min-
utes. The amount of water used to flush was measured in milli-
liters and recorded. Also, the degree of visualization was stud-
ied by verifying mucous/bubbles in the lumen. It was graded
with scores of 1 to 4, according to Bertoni et al [15], Keeraticha-
nanont et al [7], and McNally et al [16]. The scores were: 1, no
bubbles; 2, minimal air bubbles, 3, moderate; and 4, abundant
air bubbles. The patient’s tolerability/comfort to the procedure
was assessed later by using a questionnaire (excellent/good/
tolerable discomfort/intolerable discomfort/totally intolerable)
at the end of the procedure.

Sample size estimation

Based on the literature evidence, 80% power was considered
with an alpha error of 5%, beta error of 20%, and error of mar-
gin 0.1, and the difference in mean ± SD of the TMVS between
placebo and others as 2±0.5. The sample size was estimated as
768 for all groups and the individual group calculated sample
size was 192 participants.

Study approval

The study was approved by the Institution Research Committee
Board and Institutional Ethics Committee. The study was also
registered with the Clinical Trials Registry of India (CTRI/2017 /
09 /009913). Informed written consent was received from all
patients before enrollment in the trial.

Patient recruitment and randomization

Patients were randomly assigned to one of four groups follow-
ing simple randomization procedures. Informed consent was
obtained. Allocation was done by an attendant nurse using
sealed envelopes. Both the patients and the endoscopist were
kept blinded to the allocation. The intervention solutions in all
groups were matched by their color, volume, and method of
administration.

Statistical methods

Statistical analysis was performed using pairwise comparison
utilizing Kruskal-Wallis test with Bonferroni correction to evalu-
ate the P values. P<0.05 was considered to be significant. Anal-
ysis was done using a Statistical Analysis Software (SAS) pro-
gram.
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Results
A total of 842 patients were enrolled prospectively into the
study, following which 74 patients were excluded due to var-
ious reasons summarized in the flowchart (▶Fig. 1). The rest of
the 768 participants were randomized into four groups (sime-
thicone+NAC, simethicone alone, NAC alone, and placebo),
and none of them were lost to follow-up during the study peri-
od. The study population consisted of 57% men and the mean
age was 44.18 years. Dyspepsia was the most common indica-
tion for gastroscopy followed by abdominal pain. There were no
significant differences in the baseline characteristics among the
four groups (▶Table1).

Mucosal visibility score

Mucosal visibility scores (MVS) in various regions were studied
for all groups and is summarized in ▶Table2. Groups A, B, and
C had better MVS for all regions than the placebo group. The
MVS for group A was less than that for the other groups in all
the regions of the gastrointestinal tract except for the lower
corpus and esophagus and the difference also was statistically
significant. When the total MVS was compared between the
study groups, group A had a lower TMVS score (8.31±1.73)
than all other groups and the difference also was statistically
significant (P<0.05).

The difference in the mean MVS in group A versus groups B,
C and D was 1.62, 3.15, and 3.75 respectively.

In addition, statistical analysis was performed using the
Kruskal-Wallis test with Bonferroni (▶Table 3) correction to
evaluate the P value for all other groups (B, C, and D) for all
areas of the gastrointestinal tract in comparison with group A.

Results indicated that the P value was significant ( < 0.05) for
all the groups and all the regions except for the groups B and C
for the gastrointestinal regions (stomach [lower corpus]) and
esophagus respectively, where P>0.05. Also, the P value was >
0.05 for the total number of lesions identified in the stomach
(fundus).

Mucous/bubbles obscuring the vision and length of
time to perform the procedure

Among Group A, 78.6% of patients had no air bubbles (score 1)
obscuring the vision, whereas only 67.7%, 50.52%, and 33.85%
of patients had score 1 in groups B, C, and D, respectively
(▶Fig. 2).

Group A had the shortest mean time (5.27±1.28) required
to complete the upper gastrointestinal endoscopy procedure
and the difference was statistically significant when compared
with other groups. However, the time difference among groups
A and B was not statistically significant (▶Fig. 3).

Group 1
(Simethicone

+ NAC)
15 ml E +

75 ml water
= 90 ml

Group 2
(Simethicone

alone)
15 ml E +

75 ml water
= 90 ml

Group 3
(NAC alone)

15 ml E +
75 ml water

= 90 ml

Group 4
(Placebo)
15 ml E +

75 ml water
= 90 ml

(n = 192) (n = 192 (n = 192 (n = 192

842 patients were assessed for eligibility
(74 were not eligible)
Pregnancy (23)
Drug hypersensitivity (18)
Partial or complete GOO (6)
H/o consumed food <6 hours (7)
H/o Hematemesis/Malena (11)
H/o Post Gastric surgery (9)

▶ Fig. 1 Flowchart depicting patient enrollment procedure.

▶Table 1 Baseline characteristics of all four groups.

Variables Group A

(n=192)

Group B

(n=192)

Group C

(n=192)

Group D

(n=192)

Age (mean ± SD)  45.46± 14.56  44.45± 14.59  43.42±13.55  43.40±13.09

Sex (M/F) 106 (55.2%) 106 (55.2%) 125 (65.1%) 101 (52.6%)

Clinical diagnosis

▪ Dyspepsia  60  67  60  58

▪ Abdomen pain  51  47  46  54

▪ CLD+PHT  36  32  30  32

▪ GERD  32  31  39  34

▪ Others  13  15  17  14

Sedation given
(midazolam 3mg IV)

190 189 192 191

SD, standard deviation; CLD, chronic liver disease; PHT, portal hypertension; GERD, gastroesophageal reflux disease; IV, intravenous.
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Results of additional parameters like overall bubbles, overall
mucous, number of lesions identified, and flushing evaluated
for total study subjects are shown in ▶Table 4. Overall bubbles
and mucous were checked for all study subjects in terms of per-
centages and the number of incidences and the number of bub-
bles/mucous grades were recorded and reported. Similarly, the
number of lesions detected and suction required for all the
study subjects were noted and reported in terms of frequency
and percentage.

Need for flushing and number of lesions detected

The amount of water needed for flushing with or without suc-
tion to provide adequate visualization of mucosa was studied
and compared between the groups. Nearly 81% of the study
population in group A required no suction or flushing, whereas
flushing+ /- the suction was not required in 68.22%, 50%, and
27.08% of participants in groups B, C, and D respectively. Also,
lesions were detected in more patients (72 of 192; 37.5%) in
group A compared to the other groups with a P <0.05; however,
the P value was not significant between groups A and B (▶Ta-
ble5).

Tolerability/comfort during the procedure and
adverse reactions to study drugs

The tolerability/comfort during the procedure was analyzed. In
groups A, B and C, an experience of good to tolerable discom-
fort was reported by 98%, 98%, and 96% of participants,
respectively, compared to 86% in group D. ▶Table 6 lists data
on patient comfort evaluation for all the groups. Feedback for
each of the patient comfort parameters was reported in terms
of the percentage of the total study population.

Adverse effects due to study drug

No adverse effects were noted on using the study drug for
study participants.

Discussion
Optimal mucosal visualization without the hindrance of mu-
cous, foam, or bubbles is very important while doing EGD, par-
ticularly in the era of image-enhanced endoscopy [11]. EGD is
said to be satisfactory when several factors, such as adequate
mucosal visibility, adequate duration of the procedure (ap-
proximately 7 to 8 minutes/procedure), better patient comfort,
and detection of more lesions are achieved [17]. Improving the
quality of endoscopy is very important, as it plays a critical role
in detecting early neoplastic lesions in the upper gastrointesti-
nal tract [5, 13, 17]. To accomplish these parameters, the
endoscopists in some eastern countries are using certain pre-
medication agents like antifoaming agents (simethicone/dime-
thicone/dimethyl polysiloxane) and mucolytics (Pronase/NAC).
Water alone, if used as a premedication, can only move the
foam/bubbles or mucous from one area to another in the stom-
ach, hence, it may not reveal entirely clear visible mucosa an
improve the quality of EGD. In this study, we analyzed the effec-
tiveness of using premedication agents alone and in combina-
tion (simethicone+NAC) in comparison with placebo.

TMVS has been used in various studies in different ways [7,
10, 14, 17, 18]. In our study, we a score similar to the one de-
scribed by Bertoni et al [15] and Keeratichananont et al [7]. A
randomized study from Taiwan showed that use of Pronase
with simethicone and NAC with simethicone resulted in a better
TMVS than simethicone with water and plain simethicone alone
[9].

A British randomized study showed that patients who took
simethicone and Pronase combined for premedication in a
drink had better mucosal visibility when compared to patients
who drank simethicone alone and simethicone with Pronase
flush during EGD [17]. Another large study by Chang et al com-
pared simethicone (100mg) in 5-mL and 100-mL doses with
and without NAC (200mg). The authors found that the group

▶Table 2 Mucosal visibility scores for various regions studied and total mucosal visibility score.

MVS in various regions & TMVS Mucosal visibility Score (Mean ± SD) P value1

Group – A Group – B Group – C Group – D ABCD AB AC AD

Esophagus 1.04±0.23 1.13 ±0.34  1.03± 0.18  1.17±0.48 <0.05 <0.05 >0.05 <0.05

Fundus 1.24±0.44 1.66 ±0.53  1.86± 0.54  1.95±0.53 <0.05 <0.05 <0.05 <0.05

Upper corpus 1.24±0.95 1.68 ±0.54  1.78± 0.63  1.70±0.62 <0.05 <0.05 <0.05 <0.05

Lower corpus 1.28±0.57 1.14 ±0.41  1.62± 0.69  1.63±0.67 <0.05 >0.05 <0.05 <0.05

Antrum 1.28±0.50 1.75 ±0.59  2.19± 0.83  2.72±0.92 <0.05 <0.05 <0.05 <0.05

Duodenal bulb 1.17±0.40 1.53 ±0.53  1.89± 0.65  1.80±0.67 <0.05 <0.05 <0.05 <0.05

D2 1.06±0.35 1.04 ±0.18  1.09± 0.30  1.09±0.28 0.23

TMVS 8.31±1.73 9.93 ±2.19 11.46± 2.4 12.06±2.3 < 0.05 <0.05 <0.05 <0.05

Difference in mean compare to
Group A

– 1.62  3.15  3.75

MVS, mucosal visibility score; TMVS, total mucosal visibility score; SD, standard deviation.
1 One-way analysis of variance and Tukey’s multiple comparison was used to calculate P value between groups.
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with a combination of simethicone and NAC had better mucosal
visibility than the other groups. Also, the study stated that the
amount of time taken to complete the procedure and the num-
ber of patients in whom lesions were detected were not signifi-
cantly different between the groups [14].

Another multicenter randomized study compared the effec-
tiveness of premedication before EGD in five different groups,
simethicone (200mg) alone, simethicone with NAC (500mg),
simethicone with NAC (1000mg), and two control groups (pla-
cebo and 100mL of water). In that study, the authors conclu-
ded that premedication with simethicone+NAC (500mg) and
simethicone+NAC (1000mg) resulted in better gastric visibility
than simethicone alone, 100mL of water or placebo [19].

In contrast to previous studies, an interesting study from
Iran by Asl et al showed that simethicone alone as premedica-

tion 20 minutes before EGD resulted in better mucosal visibility
than the combination of dimethicone and NAC [10].

In the present study, TMVS was better in the group with a
combination of simethicone and NAC compared to placebo.
However, there was no significant difference between the com-
bination group (simethicone+NAC) and simethicone alone in
the total length of the procedure or the number of patients in
whom lesions were detected.

Bertoni et al., Keeratichananont et al., and McNally et al eval-
uated the usefulness of simethicone with placebo and found
that patients who took simethicone had less mucous/foam or
bubbles [7, 15, 16]. Similarly, in the present study, the same
kind of scale was used and the group who were given simethi-
cone+NAC had fewer air bubbles/mucous compared to sime-
thicone alone, NAC alone, and placebo.

The total length of time to complete the procedure was also
assessed in various studies [14, 19]. It was expected that in pa-
tients with worse TMVS, more time might be needed to com-
plete the procedure, as more endoscopic flushing is required.
However, in these studies, it was concluded that there was no
significant difference in the total duration of the procedure

▶Table 3 Pairwise comparison using Kruskal-Wallis test with Bonfer-
roni correction.

Location Contrast Bon _p Bonp

1 1 V 2 0.03985 <0.05

1 1 V 3 1.00000 1

1 1 V 4 0.00126 <0.05

2 1 V 2 0.00000 <0.05

2 1 V 3 0.00000 <0.05

2 1 V 4 0.00000 <0.05

3 1 V 2 0.00000 <0.05

3 1 V 3 0.00000 <0.05

3 1 V 4 0.00000 <0.05

4 1 V 2 0.06622 0.066

4 1 V 3 0.00000 <0.05

4 1 V 4 0.00000 <0.05

5 1 V 2 0.00000 <0.05

5 1 V 3 0.00000 <0.05

5 1 V 4 0.00000 <0.05

6 1 V 2 0.00000 <0.05

6 1 V 3 0.00000 <0.05

6 1 V 4 0.00000 <0.05

7 1 V 2 0.00000 <0.05

7 1 V 3 0.00000 <0.05

7 1 V 4 0.00000 <0.05

8 1 V 2 0.27276 0.273

8 1 V 3 0.00000 <0.05

8 1 V 4 0.00000 <0.05

Location 1: esophagus; 2: stomach (fundus); 3: stomach (upper corpus); 4:
stomach (lower corpus); 5: antrum, 6: duodenal bulb; 7: II part of duode-
num, 8: number of lesions identified.

Group D

Group C

Group B

Group A

65 79 41 7

97 63 29 3

130 48 13 1

151

Number of study participants with various scores
Score 1 Score 2 Score 3 Score 4

36 41

▶ Fig. 2 Scoring of mucous/bubbles obscuring vision in the various
groups.
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) 10

9
8
7
6
5
4
3
2
1
0

5.27 5.28 6.05 6.95

P >0.05

P <0.05

Study groups
A B C D

▶ Fig. 3 Amount of time required to complete the procedure in the
various groups.
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among the combination premedication group and the group
who were given mucolytics or anti-foaming agents alone or pla-
cebo. But in the present study, we found that combination pre-
medication (simethicone+NAC) was associated with shorter
and more comfortable procedures when compared to other
groups.

The suction or endoscopic flushing required to get better
gastric mucosal visibility was also studied by Bhandari et al,
who found that a premedication drink is better than endo-
scopic flushes with simethicone [17]. In the present study, we
found that nearly 81% of patients in the combination premedi-
cation group did not require suction or endoscopic flushes ver-
sus 68.22%, 50%, and 27.08% in groups B, C, and D, respective-
ly.

The number of patients in whom lesions were detected was
evaluated in a study by Chang et al [14] and they inferred that
there were not significantly more with combination premedica-
tion compared to other groups. Monrroy et al stated that the
number of lesions detected between the intervention and con-
trol groups was not significantly higher [19]. Even in the pres-
ent study, the number of patients in whom lesions were detect-
ed was significantly higher in the simethicone+NAC premedi-

cation group compared to other groups. However, In the pres-
ent study, the total number of lesions detected in each group
was not studied, as it was not included in the scope of the re-
search. Also, whether usage of premedications such as anti-
foaming agents and mucolytics may help better detect neo-
plastic lesions in early stages has to be answered in future stud-
ies.

The dose of simethicone appears to be a minor factor deter-
mining affecting mucosal visibility. Instead, premedication vol-
ume and timing are the major factors contributing to optimal
visualization. A large volume of liquid premedication covers
more surface area, leading to a larger reaction surface. A com-
parison of simethicone dosing in volumes of 30, 50, and 90mL
of water showed that 90mL of liquid premedication reduced
the foam and bubbles more effectively than a small, 30-mL vol-
ume of water [9]. However, this was not included in the scope
of the present study.

Our study had several strengths. It was a large, randomized
placebo-controlled trial. It compared the two agents alone and
in combination with placebo. Because the intervention was im-
plemented in patients with different age groups, both sexes,
different diagnoses, these results can be generalized to other
circumstances. The study also has several limitations. The

▶Table 4 Results of additional parameters evaluated for total study
subjects.

In % Frequency Percent

Overall bubbles < 25% 519  67.7

25–50% 200  26.1

50–75%  38   5.0

> 75%  10   1.3

Total 767 100.0

Overall mucous < 25% 545  71.1

25–50% 185  24.1

50–75%  28   3.7

> 75%   9   1.2

Total 767 100.0

No. lesions identi-
fied

0 288  37.5

1 283  36.9

2 120  15.6

3  53  6.9

4  23   3.0

Total 767 100.0

Flushing Suction  64   8.3

< 50mL 111  14.5

> 50mL 160  20.9

No Flushing 430  56.1

Total 765  99.7

▶Table 5 Number of patients in whom lesions were detecte3 d.

In % Frequency Percent

Overall bubbles < 25% 519  67.7

25–50% 200  26.1

50–75%  38   5.0

> 75%  10   1.3

Total 767 100.0

Overall mucous < 25% 545  71.1

25–50% 185  24.1

50–75%  28   3.7

> 75%   9   1.2

Total 767 100.0

No. lesions identi-
fied

0 288  37.5

1 283  36.9

2 120  15.6

3  53   6.9

4  23   3.0

Total 767 100.0

Flushing Suction  64   8.3

< 50mL 111  14.5

> 50mL 160  20.9

No Flushing 430  56.1

Total 765  99.7
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TMVS is still a subjective scoring and it may vary with individual
endoscopist. Many variations of TMVS still exist. Thick bile, food
debris, and blood may still obscure vision. Whether improved
visualization leads to superior detection of early mucosal le-
sions is still a question to be answered in future large random-
ized trials.

Conclusions
The results indicated that the primary evaluation of TMVS was
minimal for patients premedicated with simethicone+NAC
(group A) during endoscopy compared to other groups preme-
dicated with simethicone alone (B), NAC alone (C), and placebo
(water). The secondary evaluation parameters showed reduced
mucous/bubbles, shorter procedure time, and increased com-
fort during the endoscopy procedure in patients who received
premedication. Also, the number of patients in whom lesions
were detected was smaller in the placebo group than in the pre-
medication group.

Hence, the use of an antifoaming agent and mucolytic as
premedication may improve the quality of EGD by increasing
gastric mucosal visibility.
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