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Use of N-acetylcysteine plus simethicone to improve mucosal
visibility in upper digestive endoscopy via systematic
alphanumeric-coded endoscopy: a randomized, double-blind
controlled trial
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Abstract Background The use of antifoaming and mucolytic agents prior to upper gastrointestinal (GI)
endoscopy and a thorough systematic review are essential to optimize lesion detection. This
study evaluated the effect of simethicone and N-acetylcysteine on the adequate mucosal visibility
(AMYV) of the upper GI tract by an innovative systematic method.

Methods This randomized, double-blind controlled trial included consecutive patients who
underwent diagnostic upper GI endoscopy for screening for early neoplasms between August 2019
and December 2019. The upper GI tract was systematically assessed by systematic alphanumeric-
coded endoscopy. Patients were divided into 4 groups: 1) water; 2) only simethicone; 3)
N-acetylcysteine + simethicone; and 4) only N-acetylcysteine. The following parameters were
assessed in each group: age, sex, body mass index, level of adequate mucosal visibility, and side-
effects.

Results A total of 4564 images from upper GI areas were obtained for evaluation. The mean AMV
in the 4 groups was 93.98+7.36%. The N-acetylcysteine + simethicone group had a higher cleaning
percentage compared with the other groups (P=0.001). There was no significant difference among
the remaining groups, but several areas had better cleaning when a mucolytic or antifoam alone
was used. No side-effects were found in any group.

Conclusion The combination of N-acetylcysteine plus simethicone optimizes the visibility of the
mucosa of the upper GI tract, which could potentially increase diagnostic yield.

Keywords Adequate mucosal visibility, high quality endoscopy, N-acetylcysteine, systematic
alphanumeric-coded endoscopy, upper digestive endoscopy

Ann Gastroenterol 2024; 37 (4): 410-417

© 2024 Hellenic Society of Gastroenterology www.annalsgastro.gr



Introduction

Gastroscopy is a safe and well-tolerated gold standard
method for the detection of upper gastrointestinal (GI)
pathology. In daily endoscopic practice, the identification
of early GI cancer represents a great challenge, even in the
hands of expert endoscopists [1-4]. High quality in upper GI
endoscopy is a critical step in optimizing the diagnostic yield
in the detection of pre-malignant and early malignant lesions.
Traditional fasting periods of 6-8 h prior to the procedure
are not always sufficient to guarantee clean and adequately
visible mucosa. Clustered mucus, foam and bubbles in the
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upper GI tract interfere with adequate visibility for complete
endoscopic evaluation [5-13]. The adequate mucosal visibility
(AMV) scale is a good tool to evaluate the pharmacological
effect of defoamers and mucolytics on cleaning the upper GI
mucosa. This has the potential to improve the early gastric
cancer detection rate, although this has not been formally
evaluated [14-24]. Improving mucosal visualization and
subsequent cancer detection is vital, as up to 11.3% of gastric
cancers were not detected during endoscopy 3 years before
diagnosis [25-27]. Upper GI cancers detected at an early stage
have a 5-year survival greater than 90% after endoscopic
resection [28,29].

Systematic alphanumeric-coded endoscopy (SACE) has
been successfully applied in Colombia since 2006 to help
facilitate complete upper GI examination with high gastric
cancer detection rates. It was subsequently adopted by
other Latin American countries and China, after detecting
approximately 1 positive case in 325 endoscopies in healthy
volunteers with an average cancer risk. Consequently, the
application of a thorough endoscopic evaluation system, such
as SACE, and adequate cleaning prior to upper GI endoscopy
comprise the optimal strategy to improve the detection of
early lesions; however, data are lacking to support its routine
use [17,18]. The aim of our study was to evaluate the effect
of the ingestion of an antifoaming substance (simethicone)
and/or mucolytic agent (N-acetylcysteine), prior to upper GI
endoscopy, on the adequate visibility of the mucosa over 28
predetermined areas using SACE.

Patients and methods

Patients

This was a randomized, double-blind controlled clinical
trial. Data were extracted from a prospectively maintained
database, which included consecutive patients recruited during
the period August 2019 to December 2019 who underwent
screening gastroscopy for detection of early neoplasms.
Written informed consent was obtained. Inclusion criteria
were as follows: adult patients aged 18 and over scheduled
for diagnostic gastroscopy. Exclusion criteria were as follows:
history of upper GI surgery; upper GI cancers; active upper GI
bleeding; esophageal or gastroduodenal stenosis; ingestion of
caustics or non-steroidal anti-inflammatory drugs during the
past 30 days; chronic cardiopulmonary, renal or decompensated
liver disease; allergies to N-acetylcysteine or simethicone; and
pregnancy or lactation.

Patients were divided into 4 treatment groups: Group 1
(G1), Control (water); Group 2 (G2), simethicone; Group 3
(G3), N-acetylcysteine + simethicone; and Group 4 (G4),
N-acetylcysteine. The following parameters were assessed
in each group: age, sex, body mass index (BMI), level of
adequate mucosal visibility, rate of serious adverse events
(laryngospasm, bronchoaspiration, variations in blood
pressure, heart frequency and oxygen saturation), and rate of
side-effects.
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Interventions

A random number list, generated by computer, was used
to assign patients to one of the 4 intervention groups: G1)
Water 100 mL; G2) simethicone 200 mg + 100 mL of water;
G3) Simethicone 200 mg + N-acetylcysteine 600 mg + 100 mL
of water; and G4) N-acetylcysteine 600 mg + 100 mL of water.
Fig. 1 shows a flow chart of the distribution of all enrolled
patients.

All  patients received standard recommendation
instructions, which included an 8-h fast, and ingestion of the
study solution under supervision 20 min before the procedure.
Both patients and endoscopists were blinded to the prepared
solution.

Upper Gl tract visibility assessment

All procedures were completed using gastroscopes
(Magniview EG-2990Zi HD, Pentax Hoya, Tokyo, Japan)
with an iPK7010 processor (OE-Iscan-Mode system). For the
systematic evaluation of the upper GI tract, the SACE system
was used, consisting of 28 areas [1]. Expert endoscopists
(SS, OTM, EG and GR) trained on the SACE system,
performed all the procedures. Prior to participating in the
study an interobserver agreement evaluation was carried out
with 80 archive photographs, to verify that there was sufficient
interobserver agreement (Kappa>0.4) before rating the
photographs in the study.

The 28 SACE areas were divided into 7 regions of the
upper GI tract (Table 1). Each region was given a score from
1-4 points using the AMV score. The total sum of the AMV
score of the 7 regions ranged from 7 (best) to 28 points (worst).
This modification has previously been validated [5,7,12]. The
AMV scale was evaluated by 4 endoscopists, for each of the 28
different regions of the SACE system. A 4-point Likert scale

was used (AMV scale): 1) no adherent mucus in the mucosa;
2) small amount of mucus that does not hinder endoscopic
vision; 3) large amount of mucus that can be removed by
irrigating with 50 mL of water; and 4) large amount of mucus
on the mucosa that cannot be removed by irrigation with
50 mL of water.

The endoscopists were blinded to the preparation used, and
28 endoscopic photographs were taken, 1 of each SACE area,
which were subsequently evaluated according to the AMV
scale. Kappa (k) statistics were used to determine interobserver
agreement.

Statistical analysis

SPSS version V.27.0 and Stata version V.17 were used for
the statistical analysis. The data were presented as means,
standard deviations, frequencies and percentages. Differences
between groups were assessed using with the chi-square,
1-way ANOVA and post hoc testing, with robust Games-
Howell analysis accordingly to variable dimensions. A Scheffe
contrast method was used to build homogeneous groups,
with Fisher notation. As the residuals showed significant
skewness to the right side, a robust analysis was performed,
as an alternative to ordinary least squares. Violin plots were
performed to show the dispersion and variance of cleanness
by group. A factor analysis with varimax rotation of vectors
was conducted to assess uncorrelated (orthogonal) values for
evaluating gastrointestinal (GI) mucosa cleaning clusters, in
addition to the seven anatomical regions outlined in Table 1.
The adequacy of these factors was analyzed with the Kaiser
Meyer Olkin (KMO) test and Bartlett’s sphericity test. The
scores obtained by the factors were analyzed with robust
ANOVA and post hoc with Games-Howell. Heatmaps of the
factors obtained with factor analysis were also obtained. The
difference and 95% confidence intervals (adjusted for sex,

Enrolment

Assessed for eligibility (n=191)

Excluded (n=29)

_| Not meeting inclusion criteria (n=23)
| Declined to participate (n=4)

Other reasons (n=2)

Allocation

Randomized (n=162)

v v

v v

Allocated to G1 Allocated to G2
(n=43) (n=42)

Allocated to G3 Allocated to G4
(n=40) (n=43)

Excluded from analysis (n=3)

* Severe esophagitis (n=1)

* Incomplete procedure due
to stenotic lesion (n=2)

Analysis (n=43) Analysis (n=39)

Figure 1 Flow chart showing the distribution of the enrolled patients
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Table 1 Comparison among groups
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Part Gl G2 G3 G4 Total P-value
Esophagus 1.29 (0.31) 1.16 (0.21) 1.06 (0.1) 1.14 (0.3) 1.16 (0.26) 0.001
Antrum 1.23 (0.31) 1.14 (0.27) 1.07 (0.12) 1.26 (0.39) 1.17 (0.3) 0.011
Lower third of the stomach 1.37 (0.41) 1.24 (0.32) 1.07 (0.2) 1.19 (0.4) 1.22 (0.36) 0.001
Middle third of the stomach 1.4 (0.38) 1.31 (0.35) 1.16 (0.27) 1.23 (0.39) 1.28 (0.36) 0.021
Upper third of the stomach 1.24 (0.34) 1.17 (0.27) 1.13 (0.25) 1.19 (0.36) 1.18 (0.31) 0.419
Lesser curvature of the stomach 1.2 (0.29) 1.11 (0.22) 1.04 (0.11) 1.16 (0.43) 1.13 (0.29) 0.066
Duodenum 1.15 (0.3) 1.04 (0.13) 1(0) 1.09 (0.27) 1.07 (0.22) 0.011

G1: Water 100 mL, G2: Only simethicone 200 mg + 100 mL of water, G3: Simethicone 200 mg+N-acetylcysteine 600 mg + 100 mL of water, G4: Only

N-acetylcysteine 600 mg + 100 mL of water

diabetes mellitus and hypertension) between each group
compared to the great mean were calculated (zero centered).
Sample size calculation was determined using previous studies,
considering a difference between 2 proportions (delta=30%)
with different interventions in the AMYV, 70% the combination
of N-acetylcysteine 600 mg + simethicone + 100 mL of water
vs. 40% of simethicone 200 mg alone and without intervention,
and with an error alfa of 0.05 and a power of 0.8. Based on
these calculations a sample size of 40 patients for each group
was required, a total of 160 patients. Accounting for patient
exclusions or loss of 20%, the recommended sample size was
191 patients.

Ethical statements

The study was conducted in accordance with the
Declaration of Helsinki. This study was approved by the Ethics
and Research Committees of the General Hospital of Mexico
with registry number DI/20/310T/03/65.

Results

A total of 191 patients were enrolled. Twenty-nine patients
were excluded (23 did not meet the inclusion criteria, 4 declined
to participate, and 2 for other reasons). Thus, 162 patients were
included in the final analysis, of whom 74 were female (45.6%)
and 88 were male (54.3%). The mean age was 50.4+17.1 years.
The mean BMI was 25.3+4.4 kg/m® Sex differences were
observed for groups G2 and G3, but the regression analysis did
not demonstrate significant effects. A total of 4564 images from
the examined areas in the upper GI tract were obtained for
evaluation. No statistically significant differences were found
in relation to age (P=0.48), BMI (P=0.82), diabetes mellitus,
or hypertension. Two patients were taking medication that
delayed gastric emptying. Table 1 shows the average value of
the degree of cleanliness in the 7 different regions studied.

The factor analysis considered the 28 areas; this analysis was
suitable (KMO=0.79, sphericity test P<0.001) (Table 1). The
anti-image matrices were greater than 0.5, except that of the E3
region (0.457). These 3 techniques (KMO, Bartlett’s sphericity

test, and anti-imaging matrix) determined the appropriateness
of the factor analysis. The maximum variance explained by 8
factors was 66%, the highest value was 7.7 and the lowest 1.17.
The reproduced correlations were greater than 0.5, except for
the A9 region (0.46), which was considered acceptable. Fig. 2
shows the graphic variation of the degree of cleaning in the
different 28 SACE areas in each study group.

The total sum of the score was significantly greater in the
control group, as can be derived from the higher distances at
the ends of the distributions. The mean of the N-acetylcysteine
+ simethicone group was lower in comparison to the rest of
the interventions, which reflects less dispersion in the scores.
An ANOVA test was applied to determine the statistical
significance between the treatment groups in the sum of the
scores, finding a value of 0.0001 between the control group and
the combination group. Fig. 3 shows the comparison of the
degree of cleaning among groups.

The contrast between groups using the distance grand mean
and robust standard error calculation showed G3 (N-Acet +
Simet) presented greater efficiency compared to G1 (control)
(P=0.001). The other groups did not show significant differences.
It was also evident that certain areas showed improved mucosal
visibility from the use of a mucolytic, while others were
improved by use of an antifoam. The average AMV in the 4
groups was 93.98% and the standard deviation was 7.36. No
severe adverse events or side-effects occurred in either group in
this study. Fig. 4 and 5 show representative images of adequate
and inadequate cleansing of the upper GI tract, respectively.

Discussion

This study adds further scientific evidence for the optimal
efficacy and safety profile of the use of defoamers and
mucolytics in the improvement of upper GI mucosal visibility
in a Latin American population. The main strength of this
study is the reporting of the largest cohort in Latin America,
demonstrating the benefits of adequate cleansing in the upper
GI tract. The clinical outcomes were similar to those reported
in Japanese centers with vast experience.

Multiple studies based in Asia have shown that premedication
with defoamers and mucolytics prior to upper GI endoscopy
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can be effective [5,6]. However, the standard mucolytic used by
most Asian centers, pronase (Beijing Tide-Pharmaceutical Co.,
Ltd., Beijing, China), is available exclusively in eastern countries.
This has led several western studies to develop alternatives in
order to obtain similar results. One of the most widely used at
present is N-acetylcysteine, given its optimal efficacy and safety
profile demonstrated in the most representative studies [7-12].
Several randomized controlled trials have shown the superiority
of the combination of N-acetylcysteine plus simethicone for
improving AMV. They also found areas in the GI tract with
differences in cleaning qualities [8-12].

Manfredi et al [13] prospectively enrolled 197 patients
divided into 2 groups: treated (97 patients) and control
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(100 patients). The treated group were administered
premedication with N-acetylcysteine (600 mg) + simethicone
(2 mL) for 20 min before their gastroscopy, while the control
group received no premedication. There was a significantly
higher mean stomach cleaning cream score in the treated group
(7.6+1.5) compared to the control group (6+0.7) (P<0.001).
The investigators also observed a score <5 in 11% and 33% of
the treated and control groups, respectively (P<0.001). This
study provides further evidence of the benefits of these agents,
but with a more systematic evaluation.

The greatest potential clinical impact of premedication
with mucolytics and antifoams is the reduction in missed
lesions due to better visibility of the GI mucosa. International
clinical guidelines also advocate the use of these agents to
optimize the detection of preneoplastic and early neoplastic
lesions [14,15]. Monrroy et al [16] conducted a double-
blinded, placebo-controlled randomized controlled trial in
230 patients undergoing diagnostic gastroscopies. There were
5 groups studied: 2 control groups, no intervention and water
100 mL (W); and 3 intervention groups: simethicone 200 mg
(S), S + N-acetylcysteine (NAC) 500 mg (S + NAC500) and
S + NAC 1000 mg (S + NAC1000). There was a higher lesion
detection rate in the intervention groups compared to the non-
intervention groups: 32% (37/115) versus 14% (6/42) (P=0.027).
Adoption of the SACE system in previous studies showed an
improvement in lesion detection and characterization [17,18].
Pérez-Mendoza et al [19] demonstrated diagnostic accuracies
0f 96% and 52% for coded alphanumeric systematic endoscopy
and conventional endoscopy, respectively. The specificity was
95% for systematic alphanumeric coded endoscopy and 45%
for conventional endoscopy. The combined use of mucolytics,
anti-foaming agents and the SACE system optimizes lesion
detection. Further studies in different populations are required
to fully assess these parameters in lesion detection to improve
clinical outcomes.

The administration 20 min before the procedure does not
represent any significant risk of aspiration to patients [20-22].
The alternative to a pre-endoscopy drink is the application
of water with simethicone during the procedure; however,
the volume that needs to be instilled is usually significantly
greater than 100 mL, and this is likely to lead to a greater risk
of aspiration. This pre-endoscopy premedication has also been
given in other Asian countries for decades, and there have been
no safety concerns or reports of complications. The variability
of an AMV can be explained by several factors affecting
mucolytic activity: gastric acidity, duodenogastric reflux,
and delayed gastric emptying (gastroparesis and functional
dyspepsia) [23,24]. In our study we did not encounter any
adverse events or side-effects.

The use of standardized endoscopic systems, high-definition
white light endoscopy, and meticulous inspection techniques
of the mucosa are of paramount importance to improve the
detection of lesions [25-29]. The superimposed photographic
record of the mucosa is a robust indicator of the integrity of
the evaluation [17]. Overlapping images are critical for a
registration of consecutive images that provide examiners with
a complete sequence of the procedure. The systematic stomach
screening protocol proposes a minimum of 22 endoscopic
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Figure 4 Adequate mucosal visibility of stomach. (A) Esophagogastric junction, (B) pyloric channel, (C) greater curvature of antrum, (D) posterior
wall of lower third of the gastric body, (E) greater curvature of middle third of the gastric body, (F) lesser curvature of lower third of the gastric body

Figure 5 Inadequate mucosal visibility of stomach. (A) Fornix, (B) greater curvature (lower third of the gastric body), (C) anterior wall (lower third
of the gastric body), (D) malignant lesion in lesser curvature (middle third of the gastric body), (E) antero-posterior wall (upper third of the gastric

body), (F) anterior wall (middle third of the gastric body)

images. However, it does not take into account other digestive
areas (hypopharynx, esophagus, esophagus-gastric junction,
and duodenum) [18]. In contrast, SACE allows complete
standardized evaluation of 28 specific areas of mucosa, from
the hypopharynx to the second portion of duodenum, through
the superposition of images (photodocumentation), which
reduces blind spots [17,19]. This technique provides to the

examiner a sequence of images and can reduce medico-legal
concerns over missed lesions [2,4,18]. This is the first study in
the world to evaluate all areas (28 areas) of upper GI endoscopy
using an imaging sequence protocol (SACE).

One limitation of this study is the lack of a standardized
scale to classify mucosal visualization, as previous studies have
used different measures. Another limitation of our study was
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the lack of registration of the lesions found during endoscopy;,
procedure duration and the volume of water required to clean
the mucosa. In the study, we did not perform tests to evaluate
the degree of delayed gastric emptying. Randomized studies
are still needed to evaluate the full effectiveness of SACE in
detecting malignant and non-malignant lesions. Studies with
a larger cohort of patients are required to evaluate the full
pharmacological effect.

In conclusion, the combination of a mucolytic
(N-acetylcysteine 600 mg) with an antifoam (simethicone
200 mg) was more effective than water or other substances
alone in improving the AMYV scale. Such premedication might
improve the diagnostic yield of this procedure, and should be
considered in routine clinical practice.
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Summary Box

What is already known:

o Premedication agents for improving mucosal
visibility during upper gastrointestinal (GI)
endoscopy are important in routine clinical
practice

o Pronase is the mucolytic agent of choice to optimize
the visibility of the gastroduodenal mucosa during
upper GI endoscopy; however, it is only available
in Eastern countries

o Systematic review during upper GI endoscopy is
an essential element to optimize the early detection
of neoplastic lesions

What the new findings are:

o N-acetylcysteine is an excellent alternative as a
mucolytic agent for premedication in upper GI
endoscopy in countries where pronase is not
available

o The combination of N-acetylcysteine and
simethicone in premedication for upper GI
endoscopy is an optimal strategy to improve
mucosal visibility

o The systematic alphanumeric-coded endoscopy
system is an innovative method of systematic
review and allows for a thorough evaluation of the
entire upper GI tract
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