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Introduction

Oesophago-gastro-duodenoscopy (OGD) is an essential 
component in the diagnostic and management pathway 
for a variety of benign and malignant conditions of upper 
gastrointestinal tract (1). Thorough and adequate mucosal 

visualisation during OGD is an essential practice to 
accurately identify and characterise the lesions as part of 
disease diagnosis and surveillance. Endoscopic mucosal 
visibility is impaired by several factors including poor 
endoscopy technique, excessive mucus, residual food due to 
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inadequate pre-procedure fasting, inadequate positioning 
and more importantly the presence of mucosal froth and 
bubbles in the oesophagus, stomach and duodenum. The 
froth and bubbles are made of mucous secretions mixed 
with gastric juice and bile. The aforementioned factors 
are potentially modifiable factors to improve mucosal 
visualization and avoid missed diagnoses. Various studies 
have demonstrated the incidence of missed diagnoses 
on upper gastrointestinal endoscopy and this could be 
prevented by efforts to improve mucosal visibility (2-6). 
Simethicone with or without N-acetyl cysteine (NAC) 
is one of the most frequently used pre-procedural oral 
medication to counteract the poor mucosal visibility 
secondary to froth and bubbles. It has been shown 
effective in improving visibility in several studies and 
trials for adequate visualization of gastrointestinal tract 
like colonoscopy, capsule endoscopy and gastroscopy. The 
timing and dose of these agents varies between different 
studies (7-10). Simethicone and NAC are de-foaming 
and mucolytic agents respectively (11-14). They work by 
decreasing surface tension and breaking down the adhesive 
forces between molecules and cause dispersion of foam 
and mucous bubbles (11-14). These agents have also been 
shown to decrease amount of water needed to flush during 
endoscopy and improve mucosal visibility (15).

Recent data shows that around 7 in 10 stomach cancer 
cases are diagnosed at a late stage in the UK (16,17). 
This depends on many factors, one of which would be an 
inability to pick up early lesions on upper GI endoscopy. 
Undoubtedly poor mucosal visualization due to froth and 
bubbles is also an influencing factor for poor diagnostic 
accuracy in these patients. The practice of taking pre-
endoscopy drink is still not an established practice in 
the Europe partly because of lack of randomized control 
trials (RCTs). According to the UK wide survey in 2016, 
no NHS trust was using pre-OGD drinks to enhance 
mucosal visibility (16,17). Current study is an attempt 
to systematically analyse published trials reporting the 
effectiveness of Simethicone ± NAC in improving mucosal 
visualization during OGD including recently published 3 
RCTs from Europe.

Methods

Electronic data base search

Medline (via PubMed), Embase, Scopus, Cochrane 
Upper Gastrointestinal and Pancreatic Diseases (UGPD) 

Controlled Trial Register, the Cochrane Central Register 
of Controlled Trials (CENTRAL) in the Cochrane Library 
and Science Citation Index Expanded were explored until 
March 2018 to find relevant published RCTs. The search 
terms were constructed based on patients, interventions/
comparators, and outcomes as follows:
	 Patients: undergoing OGD for the suspected but 

not limited to this diagnosis of gastric cancer, 
oesophageal cancer, reflux disease, peptic ulcer 
disease, pancreatic cancer, achalasia, gastric polyps, 
duodenal polyps and ampullary tumours;

	 Intervention/comparator: oral administration 
of Simethicone ± NAC as premedication drink  
before OGD;

	 Outcomes: good mucosal visibility rate and mucosal 
visibility score.

The MeSH terms related to the suspected diagnosis of 
gastric cancer, oesophageal cancer, reflux disease, peptic 
ulcer disease, pancreatic cancer, achalasia, gastric polyps, 
duodenal polyps and ampullary tumours in conjunction with 
OGD were identified from the PubMed and subsequently 
inserted in the search boxes of other electronic databases. 
Attempts to find extra trials were also made by the hand 
searching of the references of published studies.

Data management

Three reviewers (MS Sajid, KK Singh and S Rehman) 
independently searched and selected studies  and 
disagreements were resolved by mutual consensus. Inclusion 
criteria were as follows: RCT in patients with undergoing 
diagnostic OGD for any reason; patient using Simethicone 
± NAC as premedication just before the procedure; and had 
at least one outcomes of interest as described above. The 
studies were included regardless of sample size, origin of 
study, age of the participant, gender of the participant and 
the language in which the study was published.

Interventions

The intervention of interest was the use of oral preparation 
of Simethicone ± NAC before OGD.

Outcome of interest

We studied outcomes good mucosal visibility rate and 
mucosal visibility score. We followed strict inclusion 
criteria and extracted the data from those published trials 
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which reported either mucosal visibility score or number 
(n) of patients with good/excellent mucosal visibility during 
OGD. The adjustments were made to homogenise the 
data between trials in order to achieve combined statistical 
outcome such as published percentage was converted to 
exact numbers after mathematical calculations. If standard 
deviation was not reported in the published study, it was 
either estimated from the reported range value or p-value. 
We excluded trials reporting bubble score, haziness score 
and amount of water flushing required in improving mucosal  
visibility due to insufficient and heterogeneous data.

Risk of bias assessment

The methodological quality of the included studies was 
assessed by MSS and SR as recommended by the Cochrane 
Collaboration using the “Risk of Bias Assessment Tool”. 
This included random sequence generation, allocation 
concealment, blinding of participants and personnel, 
blinding of outcome assessment, incomplete outcome 
data, and selective outcome reporting. Disagreement was 
resolved by a third reviewer (SR). The critical appraisal tool 
to score the quality of included trials was also adopted from 
the published guidelines of Jadad et al. (18) and Chalmers  
et al. (19). The short summary of the resulting evidence was 
presented in a tabulated form by using tool GradePro® (20), 
provided by the Cochrane Collaboration.

Statistical analysis

The efficacy of Simethicone ± NAC was directly compared 
and pooled for each outcome of interest if there were at 
least two studies for each comparison. For dichotomous 
data the odds ratio (OR) was estimated and pooled across 
studies using a random-effect model. For continuous data 
analysis standardized mean difference (SMD) was estimated 
and pooled across studies using a random-effect model. 
Heterogeneity was assessed using Cochrane Q test and I2 
statistic. The statistical analysis of the data was conducted 
according to the guidelines provided by the Cochrane 
Collaboration including the use of RevMan 5.3® statistical 
software, and the use of forest plots for the graphical display 
of the combined outcomes (21-27).

Results

Characteristics of selected trials

A total of 171 studies were identified from Scopus, Medline 

and other electronic databases. Among them, 7 RCTs 
(n=1,099), published until March 2018, were eligible for 
inclusion (28-36); and the reasons for ineligibility are 
described in PRISMA flow chart Figure 1. The extracted 
data from the included trials is given in Tables 1 and 2.

Risk of bias in selected studies

Summary of the evidence analysed in the GRADE-Pro tool 
is given in Figure 2 denoting the high quality of evidence 
based upon outcomes as per protocol scoring systems. 
Among seven studies, 98% were considered at low risk of 
bias due to the presence of random sequence generation, 
allocation concealment (selection bias), blinding of 
participants, blinding of outcome assessment (performance 
bias), data management (attribution bias), incomplete 
outcome data (detection bias) and selective outcome 
reporting (reporting bias).

Mucosal visibility score

Four RCTs (28-31) reported visibility score and contributed 
to the combined calculations of this variable. For this 
outcome measure, a statistically significant heterogeneity 
[Tau2 =2.42, chi2 =100.18, df =3, (P<0.00001); I2=97%] 
was encountered among included trials. In the random 
effects model (SMD, −2.83; 95% CI, −4.38, −1.27; z=3.56; 
P=0.0004; Figure 3) analysis, the use of Simethicone ± 
NAC is associated with improved mucosal visibility score  
during OGD.

Patients with good/excellent mucosal visibility

Three RCTs (32-34) reported number of patients with 
good/excellent mucosal visibility and contributed to the 
combined calculations of this variable. There was no 
heterogeneity [Tau2 =0.00, chi2 =1.82, df =2, (P=0.40); 
I2=0%] among included trials. In the random effects model 
(OR, 0.43; 95% CI, 0.28, 0.68; z=3.65; P=0.0003; Figure 4) 
analysis, in the Simethicone ± NAC group there were more 
patients with good/excellent mucosal visibility compared to 
no-Simethicone group.

Discussion

Summary of main results

The findings of current study on seven CRTs investigating 
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Figure 1 PRISMA flow diagram.

Table 1 Trials reporting adequate/poor visibility as mucosal visibility score

Studies
Sim ± NAC group No Sim ± NAC group

Total patients Mean visibility score Total patients Mean visibility score

Asl et al. (28) 110 6.30±1.69 38 9.5±2.55

Basford et al. (29) 41 1.45±0.09* 81 2.13±0.11*

Keeratichananont et al. (30) 63 6.83±2.4 58 11.05±2.6

Song et al. (31) 27 5.78±1.65 27 8.89±1.97

*, the standard deviation estimated from P value or range. Sim, Simethicone; NAC, N-acetyl cysteine.

Table 2 Trials reporting number of patients with adequate versus poor visibility

Studies
Sim ± NAC group No Sim ± NAC group

Total patients Patients achieving adequate visibility Total patients Patients achieving adequate visibility

Ahsan et al. (32) 90 27/90 83 48/83

Elvas et al. (33) 199 1/199 (100%) 98 4/98 (96%)

Monrroy et al. (34) 138 57/138 46 26/46

Sim, Simethicone; NAC, N-acetyl cysteine.

Records identified through 
database searching  

(n=165)

Additional records identified 
through other sources  

(n=6)

Records after duplicates removed 
(n=61)

Records excluded  
(n=48)

Causes: irrelevant

Full-text articles excluded, with 
reasons (n=6)
Causes: 

Other reviews =5
Other technique reviews =1

Records screened  
(n=13)

Full-text articles assessed for 
eligibility  

(n=7)

Studies included in qualitative 
synthesis  

(n=7)

Studies included in quantitative 
synthesis (meta-analysis)

(n=7 studies on 1,099 patients)
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Figure 2 GRADEPro summary of evidence. ⊕, level of evidence.

Simethicone +/− N-acetylcysteine for OGD to improve mucosal visualization

Patient or population: patients with OGD to improve mucosal visualization 
Settings:  
Intervention: Simethicone +/− N-acetylcysteine

Outcomes Illustrative comparative risks* (95% CI) Relative effect 
(95% CI)

No of Participants 
(studies)

Quality of 
the evidence 
(GRADE)

Comments

Assumed risk Corresponding risk

Control Simethicone +/− 
N-acetylcysteine

Excellent/good 
visibility 
Odds ratio 
Follow-up: mean  
1 days

Study population OR 0.43  
(0.28 to 0.68)

654 (3 studies) ⊕⊕⊕⊕ 
high

322 per 
1,000

169 per 1,000 
(117 to 244)

Moderate

518 per 
1,000

316 per 1,000 
(231 to 422)

*The basis for the assumed risk (e.g., the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 
95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
 
CI: confidence interval; OR: odds ratio; 

GRADE Working Group grades of evidence 
High quality: Further research is very unlikely to change our confidence in the estimate of effect.  
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the 
estimate. 
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change 
the estimate. 
Very low quality: We are very uncertain about the estimate.

Simethicone +/− N-acetylcysteine for OGD to improve mucosal visualization

Patient or population: patients with OGD to improve mucosal visualization 
Settings:  
Intervention: Simethicone +/− N-acetylcysteine

Outcomes Illustrative comparative risks* (95% CI) Relative effect 
(95% CI)

No of Participants 
(studies)

Quality of 
the evidence 
(GRADE)

Comments

Assumed risk Corresponding risk

Control Simethicone +/− 
N-acetylcysteine 

Visibility score 
Standardized mean 
difference 
Follow-up: mean  
1 days

The mean visibility score 
in the intervention groups 
was 2.83 standard 
deviations lower (4.38 to 
1.27 lower)

445 (4 studies) ⊕⊕⊕⊕ 
high

SMD −2.83  
(−4.38 to −1.27)

*The basis for the assumed risk (e.g., the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 
95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
 
CI: Confidence interval; 

GRADE Working Group grades of evidence 
High quality: Further research is very unlikely to change our confidence in the estimate of effect.  
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the 
estimate. 
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change 
the estimate. 
Very low quality: We are very uncertain about the estimate.
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1,099 patients undergoing OGD for diagnostic indications 
successfully demonstrate that the pre-procedure oral 
administration of Simethicone ± NAC improves mucosal 
visualization and mucosal visualization score.

Application and completeness of evidence in this study

The strict inclusion criterion was applied in the study 
selection for this review and it was restricted to the combined 
evaluation of published RCTs either reporting mucosal 
visibility score or number of patients with good/excellent 
mucosal visibility during OGD. Therefore, the resulting 
conclusions of this study are appropriate and applicable to 
the patients who require OGD to avoid missed diagnoses.

Strength of the presented evidence

Standard quality assessment tools were used to conduct 
current meta-analysis. The assessment of the included 
studies was performed using multi-dimensional pathways 
like the use of “risk of bias assessment” tool by the 
Cochrane Collaboration, Jadad and Chalmers et al. scoring 
systems; and tabulated presentation of summary evidence 
from the GRADE-pro tool recommended by the Cochrane 
Collaboration. Overall strength of evidence may be 

considered high as depicted in Figure 2.

Potential biases in the review process

The variable experience of the endoscopist, uses of various 
doses of Simethicone ± NAC and use of different position 
techniques for OGD may have swayed the final outcomes. 
Lack of an agreed measuring tool to define the extent of 
mucosal visibility and various grades of mucosal visibility is 
also a significant flaw in include RCTs. 

Agreement and disagreement with other published evidence

The resulting evidence form this meta-analysis is in 
concordance with previously published several studies (15,28-
37) and at least two systematic reviews (38,39). First systematic 
review (38) was published in 2011 but has limitations of 
analysing trials investigating the role of Simethicone ± NAC 
in OGD, colonoscopy and capsule endoscopy. There were 
fewer trials on OGD alone at that time and therefore the 
reported evidence was weaker which needed validation. 
Second systematic review (39) was published in 2014 but 
the combined analysis was performed on all published 
trials regardless type of premedication (Simethicone, NAC, 
Pronase, water) used which resulted in biased outcome too. 

Figure 3 Forest plot for the studies reporting mucosal visibility score in patients undergoing OGD. Standardized mean difference is shown 
with 95% confidence intervals. OGD, oesophago-gastro-duodenoscopy.

Figure 4 Forest plot for the studies reporting number of patients with good/excellent mucosal visibility in patients undergoing OGD. Odds 
ratio is shown with 95% confidence intervals. OGD, oesophago-gastro-duodenoscopy.
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Implications for practice and research

Future implications of this study may be many. The 
development of a validated and an agreed mucosal 
visibility scoring tool is mandatory before running further 
trials to validate findings of current study and previously 
published trials. Various doses of Simethicone and 
comparison between Simethicone versus NAC, Pronase 
versus Simethicone and Pronase versus NAC may also 
need exploration before the routine use of Simethicone as 
premedication for OGD. Use of amount of water requiring 
for flushing to improve mucosal visualization may not 
considered an adequate measuring tool because of operator 
dependent variations and its ineffectiveness. 
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