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Intravenous sedation during g
esophagogastroduodenoscopy is associated
with a reduced risk of missed gastric cancer
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Abstract

Purpose Esophagogastroduodenoscopy (EGD) is an effective technique for diagnosing gastric cancer (GC). However,
it is estimated that 10% of GCs are unnoticed, constituting missed gastric cancer (MGC). To analyse the incidence of
MGC in our area, the characteristics of GC and factors related to MGC were evaluated.

Materials and methods This was a retrospective study of patients diagnosed with GC at a single centre between
October 2003 and December 2018. MGC was defined as GC undetected in a EGD performed 3 to 36 months before
diagnosis.

Results A total of 333 patients with GC were identified, 6% of whom had MGC. MGC was more frequently located
at anastomotic site of a previous surgery (p=0.001), and fewer patients with MGC experienced alarm symptoms
(p=0.001). Using fewer biopsies (p=0.001) and performing the procedure without sedation were associated to MGC.
According to multivariate analysis, the factors associated with MGC were the absence of sedation [OR 3.2 (95% Cl
1-10.4)] and localization in the anastomosis of previous surgery [OR 11.5 (95% Cl 1.8-72.8)]. Moreover, there were no
differences in 5-year survival between patients with MGC and patients without MGC.

Conclusions The MGC percentage was 6%. When an EGD is indicated, regardless of the symptom:s, IV sedation is
recommended to reduce the risk of MGC. In addition, biopsies of the anastomosis from previous surgery should be
considered even in the absence of clear suspicious lesions.
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Introduction

Gastric cancer (GC) is the fifth most common malig-
nant neoplasm worldwide. According to GLOBOCAN
estimates from 2020, gastric cancer accounted for 5.6%
of all newly diagnosed cancer cases worldwide, out
of a total of 36 new cancer cases across all sites in 185
countries. In the Spanish population, this percentage
is lower than 2.5% [1]. Despite this low incidence, GC
has a poor prognosis, with a 5-year survival rate that
does not exceed 30%, mostly due to an advanced stage
at diagnosis [2]. Currently, there is no cost-effective
test for the early detection of GC that may be compa-
rable to the faecal occult blood test for the diagnosis of
colon cancer. In the absence of a massive and inexpen-
sive non-invasive method, the gold standard technique
for the diagnosis of GC is esophagogastroduodenos-
copy (EGD), which allows for the possibility of obtain-
ing biopsies of suspicious lesions. To standardize and
improve the results of this technique, different scientific
societies have established quality criteria for EGD [3-6].
Despite this, a proportion of neoplastic lesions go unno-
ticed and are known as missed gastric cancer (MGC).
According to the known biology of GC, these lesions
evolve from early to advanced stages over a period of 3
years [7]. Based on these findings, MGC is generally
defined, as GC detected in a patient who had a negative
endoscopy performed within the 3 years before the GC
diagnosis [8—12]. Studies of MGC in the Asian popula-
tion have shown percentages of 25%, probably due to the
large number of screening procedures performed in this
region of the world, which has the highest incidence of
GC [13]. In Western countries, MGC is less common,
with a prevalence ranging from 1.2 to 20% [9]. In Spain,
relevant information is scarce, with two previously pub-
lished articles reporting a prevalence ranging from 4.7 to
9.1% [11, 12].

Several factors have been associated with MGC. Vari-
ously, patients underwent an insufficient number of biop-
sies (< 6); or had food residue scraps mucus on the gastric
surface; or had previous treatment with proton pump
inhibitors (PPIs); or had an specific gastric location of the
malignant lesions; or lacked warning symptoms; or were
affected by some other identifiable factor [9, 11, 14]. In
contrast, other factors, such as the use of sedation during
the procedure, did not demonstrate a clear effect [15].

Despite the potential delay in diagnosis and its delete-
rious consequences, no study has demonstrated a worse
prognosis in terms of survival in patients with MGC [9-
12, 16-18]. This is likely because GC is often diagnosed
in advanced stages.

It is important to know the prevalence of MGC and the
factors related to it, especially those associated with the
endoscopic procedure. This allows us to increase the rate
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of early recognition and establish better quality indica-
tors for EGD based on these factors.

Thus, we decided to conduct this study to determine
the prevalence and survival of patients with MGC in the
catch area of a community hospital and to evaluate the
factors associated with the unrecognition of a GC.

Materials and methods

Design, study population and data collection

We performed a retrospective observational study to
evaluate the prevalence and characteristics of MGC com-
pared to non-MGC patients diagnosed at the Hospital
Universitari Mutua Terrassa (Catalonia, northeastern
Spain). The population represented in the hospital is of
a mixed rural-urban type (250,000 inhabitants, accord-
ing to the data provided by the health department of the
Autonomous Government of Catalonia “CatSalut”). In
the catchment area, there is only one hospital for both
public and private practice, and the relevant services are
only performed in the endoscopy unit and the pathol-
ogy department. The hospital offers universal coverage
for primary and specialist services, with an established
system for referral from primary care. There are some
private practitioners in the area, but private EGD and
biopsies are performed at the same hospital.

The study population included all patients diagnosed
with GC identified through the pathology database from
October 2003 to December 2018. The clinical and demo-
graphic data as well as factors related to the endoscopic
procedure were obtained from the patients’ electronic
clinical records. A total of 351 patients with biopsies
positive for GC were identified (adenocarcinoma, lym-
phoma, and gastrointestinal stromal tumours [GISTs]).
Eighteen patients were excluded due to incomplete infor-
mation or loss to follow-up (Fig. 1). All reports of EGDs
performed on patients with GC were reviewed. The study
was conducted in accordance with the principles of the
Declaration of Helsinki. Data collection and participant
involvement were approved by the Ethics Committee
of Hospital Universitari Mdatua Terrassa (P/22-074, 22
September 2022). The waiver of informed consent was
granted in accordance with Article 58 of the Biomedical
Research Law 14/2007, due to the impossibility of obtain-
ing consent from the subjects without disproportion-
ate effort and the use of data in terms that do not allow
the direct or indirect identification of participants. This
waiver was evaluated and favourably approved by the rel-
evant ethics committee.

MGC definition

MGC was considered in any patient with GC who had
a prior negative EGD for malignancy performed 3 to 36
months before diagnosis. The following situations were
not included in this definition: (1) tumour recurrence in
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2003-2018
351 GC cases

18 GC cases excluded:
Incomplete information
or loss of follow-up

333 GC cases included

20 MGC 313 Non-MGC

*GC = gastric cancer; MGC= missed gastric cancer

Fig. 1 Study flowchart

endoscopies scheduled for follow-up after GC surgery;
(2) GC detected in endoscopic control of a previously
detected gastric ulcer within the scheduled time accord-
ing to guidelines; (3) GC detected in a second endoscopy
performed due to a previously improper examination
(presence of clots in urgent endoscopy, food residues,
etc.); (4) endoscopies with high suspicion of malignant
lesions and negative biopsies; and (5) neuroendocrine
tumours.

Study variables

Two main cohorts of patients were established: MGC
and non-MGC patients. The following clinical and demo-
graphic variables were compared between the two groups
at the time of EGD: sex, age, smoking habit and clinical
symptoms (weight loss, bleeding, anaemia, dysphagia).
The tumour-related variables recorded were histologic
type, presence of intestinal metaplasia in case of adeno-
carcinomas, location of the lesion, stage and treatment.
A comparison of survival time after surgery between the
two cohorts was performed only for adenocarcinoma
patients due to the limited number of remaining cancers
and different survival times. The therapeutic regimens
were classified into the following categories: 1—endo-
scopic or surgical group; 2—chemical and surgical group;
and 3—chemical and/or palliative treatment group.
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Tumour stage was defined according to the American
Joint Committee on Cancer (cTNM) system [19] and
was classified into three main groups based on the lat-
est European Guidelines [20]: early (stage IA), potentially
resectable (stages IIB-III) and advanced (stage IV). Con-
cerning survival, the medical records of each patient with
adenocarcinoma were reviewed, with a minimum of 5
years of follow-up.

The following variables were recorded at the time of
diagnostic EGD in both groups and at the first negative
EGD in the MGC group: date of the procedure, symp-
toms, number of biopsies performed, type of endoscope
used (high definition, Olympus-GIF-HQ190; or standard
definition, Olympus-GIF-Q145/165), presence of residual
food, endoscopic findings and use of sedation (local pha-
ryngeal anaesthesia/nothing vs. intravenous sedation—
mainly propofol). Sedation was controlled in most cases
by endoscopists except for patients with a high anaes-
thetic risk (ASA III, frailty, etc.), who were managed by
anaesthesiologists. The drug used for sedation was pro-
pofol, except for patients with contraindications due to
comorbidities that were controlled by anaesthesiologists,
in which case other drugs were used at the anaesthesiolo-
gist’s discretion.

Statistical analysis

The results are expressed as the mean (standard devia-
tion (SD)), median (interquartile range (IQR)), percent-
age (percentages) and 95% confidence interval (CI) when
appropriate. For comparing categorical data between the
two groups (MGC and non-MGC), the x ? test or Fisher
exact test was used. Student’s t test or its nonparamet-
ric counterparts, when necessary, were used to compare
quantitative variables. Exploratory analyses to evaluate
factors associated with MGC were performed by means
of bivariate and multivariate logistic regression analysis.
Clinical, demographic and EGD-related factors that were
statistically significant in the univariate analyses were
included in the multivariate analysis. The odds ratio (OR)
and 95% CI were calculated to assess the strength of each
association. The overall survival of the two groups (MGC
and non-MGC) was calculated using the Kaplan-Meier
test and compared by means of the log rank test. The sig-
nificance level for statistical decisions was set to 5%. SPSS
25.0 software (SPSS Software, SPSS, Inc., Chicago, IL)
was used.

Results

MGC prevalence and general characteristics

A total of 333 patients with GC were analysed during the
15-year study period. Twenty patients met the criteria for
MGC, representing an MGC rate of 6%. Thus, the MGC
and non-MGC cohorts included 20 and 313 patients,
respectively. No differences in clinical or demographic
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characteristics were detected between the two groups,
except for the absence of alarm symptoms at the time
of negative endoscopy in the MGC group compared
with the diagnostic endoscopy in the non-MGC group
(Table 1). The mean age of the patients with GC was 70
years (SD, 13.8); most patients were male (66.3%), while
40% were smokers. The most frequent histological type in
both groups was adenocarcinoma. In the MGC cohort, 2
patients (10%) had GISTs, and in the non-MGC cohort,
lymphoma was the second most common type of tumour
(8.3%). A detailed description of clinical and pathologi-
cal characteristic of patients with MGC is provided in
Table 2.

Regarding location, lesions in the MGC patients were
less frequently detected in the body-antrum (50% vs.
75.1%; p =0.014) than in the non-MGC group, and lesions
were more common at the anastomotic site of previous
gastric surgeries (15% vs. 1%; p=0.001) (Fig. 2) Surger-
ies were performed due to peptic ulcers in all except one
case (Case 17; Table 2) with gastrointestinal jejunostomy
of Billroth type I and II being the most common surger-
ies. Case 17 had undergone a partial gastrectomy with
Roux-en-Y reconstruction due to gastric adenocarci-
noma and one year later a recurrence was missed at EGD,

Table 1 Clinical and demographic characteristics of all GCs

(n=333)

Non-MGC MGC p
(n=313) (N=20)

Sex; Male; n (%) 207 (66.1) 14 (70) 0.723

Age; mean (SD) 70 (14.1) 71.7 (10.5) 0.598

Alarm symptoms; n (%) 231(73.8) 6 (30)* 0.001

231(73.8) 14(70)** 0.708

Histology; n (%) 0.130
Adenocarcinoma® 277 (88.4) 18 (90)

Lymphoma 26 (8.3) 0(0)
GIST 10 (3.3) 2(10)

Location; n (%) 0.001
Body-antrum 235 (75.1) 10 (50) 0.014
Cardia-fundus 66 (21) 5(25) 0.348
Anastomosis 3(1) 3(15) 0.001
Diffuse 9(2.9) 2(10) 0.084

Smokers®; n 269 18 0375
Yes, n (%) 106 (39.4) 9 (50)

No, n (%) 163 (60.6) 9 (50)

Intestinal metaplasia®¥; n 277 1 0.841
Yes, n (%) 207 (74.7) 8(72.7)

No, n (%) 70 (25.3) 3(27.3)

GC=gastric cancer; MGC=missed gastric cancer; SD=standard deviation;
GIST=gastrointestinal stromal tumour

*Alarm symptoms at the time of negative endoscopy

**Alarm symptoms at the time of diagnostic endoscopy
*Diffuse and intestinal adenocarcinomas (Lauren classification)
AInformation on all patients was not available

YOnly for adenocarcinomas
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being diagnosed 8 months later because of constitutional
symptoms. No case of metachronous CG was detected.

Regarding the presence of intestinal metaplasia, that is
a local predisposing factor for adenocarcinoma, no dif-
ferences were found between the two groups (72.7% vs.
74.7%, p=0.841).

Factors depending on the endoscopic procedure

To identify what could impact the ability to overlook a
GC during an endoscopic procedure, we compared fac-
tors related to a successful diagnosis in the non-MGC
group with those related to the first negative EGD in the
MGC group (Table 3). According to univariate analy-
sis, in the MGC group a significantly fewer number of
biopsies were taken (1.95+2.3 vs. 4.98+2.2, p=0.001)
and a lower rate of intravenous sedation (20% vs. 46.3%,
p=0.022) was used at EGD compared to the non-MGC
group. In fact, a greater but nonsignificant trend of MGC
was also observed during the 2003-2013 period, in which
endoscopies were performed mostly without sedation,
than during the 2014-2018 period when endoscopies
were performed mainly with sedation (6.8% vs. 4.3%).
Table 2 shows the characteristics of both the negative and
diagnostic EGD in the MGC group. The median delay
from previous negative endoscopy to GC diagnosis was
14 months (IQR 3-36).

Predictor factors for MGC

The following factors showing statistically significant
relationship with MGC in the univariate analysis were
introduced in the logistic model: the presence of alarm
symptoms, the location in anastomotic site and the use
of sedation. An endoscopic procedure without IV seda-
tion (OR 3.2, 95% CI 1-10.4; p = 0.044) and location of the
lesions at the site of previous gastric surgery (OR 11.5,
95% CI 1.8-72.8; p=0.009) were the only factors inde-
pendently associated with MGC.

Treatment and prognosis of adenocarcinomas

Data regarding staging and treatment administered were
available for 89% and 96%, respectively, of the adenocarci-
noma patients (7 =295). The most common tumour stage
in both groups was potentially resectable (IB-III), but
the most common treatment was chemotherapy and/or
supportive treatment with palliative intention (Table 4).
Moreover, there were no differences in the one-, three- or
five-year survival rates between the MGC and non-MGC
patients (Fig. 3). No difference was found in survival rates
at the end of the follow-up. The mean survival time at
the end of the follow-up was 78.6 months (SD, 27.3) in
patients with MGC and 95.5 months (SD, 7.3) in patients
without MGC (p =0.507). The survival analysis results are
summarized in Fig. 3.
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Table 2 Characteristics of patients in the MGC group with previous negative results and diagnostic endoscopy results

N° Previous gastric  Previous negative EGD Time Diagnostic EGD
surgery Findings Biop- Pathology untildi-  Tumor Tumour Indication
sies:No/ results agnosis  histopathology localization
Yes (N°) (months)

1 No Hyperplastic polyp in Yes Hyperplastic 23 Adenocarcinoma Antrum Epigastralgia
fundus polyp

2 No Pangastritis Yes Chronic atrophic 24 Adenocarcinoma Antrum Control

gastritis

3 Billroth| Multiple irregular Yes (4) Acuteinflamma- 6 GIST Body Control
ulcers in antrum and tion and granula-
duodenum tion tissue

4 No Slightly enlarged gastric ~ Yes (2)  Chronic gastritis, 7 Adenocarcinoma Diffuse Weight loss
folds H pylori positive epigastralgia

5 No Slightly granular gastric ~ Yes (3) Reactive 5 Adenocarcinoma Fundus Enlarged gas-
mucosa and bile reflux gastropathy tric folds in TC

6 No Erosive anthritis Yes (2) Chronic gastritis, 16 Adenocarcinoma Fundus Epigastralgia

H pylori positive

7 Billroth Il Erythaematous mucosa ~ Yes (2)  Chronic 3 Adenocarcinoma Anastomosis Abdominal
in anastomosis and bile inflammation mass
reflux

8 Billroth i Erythaematous mucosa ~ No - 23 Adenocarcinoma Anastomosis  Bleeding
in anastomosis

9 No Benign-looking ulcerin  Yes Chronic atrophic 7 Adenocarcinoma Body Bleeding
gastric body (10) gastritis

10 No Pseudopediculated polyp No - 28 Adenocarcinoma Antrum Anaemia
in antrum

11 No Atrophic gastritis in Yes (4) Chronic atrophic 26 Adenocarcinoma Antrum Epigastralgia
antrum gastritis and

intestinal
metaplasia

12 No Ulcer in hernial buckle Yes (2) Chronic gastritis 31 Adenocarcinoma Body Bleeding
(3 mm)

13 No Atrophic gastritis and Yes (1) Chronic gastritis, 36 Adenocarcinoma Cardias Weight loss
erythematous antral H pylori positive Epigastralgia
mucosa

14 Billroth | Erythematous mucosa No - 10 Adenocarcinoma Fundus Weight loss
in anastomosis and bile Epigastralgia
reflux

15 No Normal No - 36 Adenocarcinoma Antrum Bleeding

16 Distal Normal (no stomach No - 11 Adenocarcinoma Diffuse Dysphagia

oesophagectomy  lesions)

17 Partial gastrec- Anastomosis without Yes (2) Atrophic gastritis 8 Adenocarcinoma Anastomosis  Weight loss

tomy with Y Roux  lesions
reconstruction

18 No Erythematous antritis Yes (3) Chronic atrophic = 12 Adenocarcinoma Body Bleeding

gastritis and
intestinal
metaplasia

19 Billroth | Erythematous mucosa Yes (2) Chronic gastritis 3 GIST Fundus Abdominal
in anastomosis and bile mass
reflux

20 No Benign-looking antral Yes (2) Chronic atrophic 34 Adenocarcinoma Body Anaemia
ulcer gastritis and

intestinal
metaplasia

MGC=missed gastric cancer; EGD =Esophagogastroduodenoscopy; GIST =gastrointestinal stromal tumour
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MGC

= Body-antrum 10%

= Fundus - cardia 15%

Anastomosis

5%
Difuse Q

*MGC= missed gastric cancer

Fig. 2 Tumour location in the two groups (non-MGC and MGC) (p <0.001)

Table 3 Characteristics of first negative EGD procedure in MGC
patients compared to non-MGC

Non-MGC  MGC 14
(n=313) (n=20)
Presence of residual food; n (%) 13(4.2) 2(10) 0.222
Endoscopes; n (%) 0.235
Olympus-GIF-Q145/165 198 (63.3) 10 (50)
Olympus-GIF-HQ190 115 (36.7) 10 (50)
Number of biopsies; mean (SD) 498 (2.2) 195 (2.3) 0.001
IV Sedation; n (%) 145 (46.3) 4(20) 0.022
EGD=Esophagogastroduodenoscopy;  MGC=missed gastric  cancer;

SD=standard deviation; IV =intravenous

Table 4 Stage and treatment of patients with adenocarcinoma

(n=295)
Non-MGC MGC p

Stage (n=263%), n (%) 0.684

IA (early) 33(13.3) 3(214)

IB-IIl (potentially resectable) 121 (48.6) 6(42.9)

IV (advanced) 95(38.1) 5(35.7)
Treatment (n=283%*%), n (%) 0.225

Endoscopic resection/Surgery 70 (26.3) 6(35.3)

Surgery + chemotherapy 84 (31.6) 2(11.8)

Chemotherapy/palliative 112 (42.1) 9(52.9)

MGC =missed Gastric Cancer; SD=standard deviation
*32 patients with unavailable information
**12 patients with unavailable information

Discussion

The MGC prevalence in our study was 6%, which is in the
lower range of prevalence reported in Spain and other
Western countries [9, 11, 12, 14]. Although the defini-
tions of MGC are not consistent across published studies,
we considered and applied the most common one, i.e.,
patients with a previous negative endoscopy performed
within the 3 years before the diagnosis of GC [14]. Given
that EGD is the gold standard technique for the diagnosis
of GC, it is important to know the prevalence of MGC
and identify the potentially amendable factors to improve
the sensitivity of this diagnostic tool.
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In our study, as in others, no differences in the demo-
graphic characteristics of the groups were detected.
However, in some previous studies, controversial results
regarding sex and age were reported to be related to
MGC [10, 14, 21].

An important aspect of helping to improve the detec-
tion of GC is being aware of the most frequent location
of MGC and focusing the inspection on the places where
GC goes most unnoticed. Although in our study the body
and antrum were the most common tumour locations in
both groups, as described in previous studies [9, 11, 12,
14], in the MGC group, a lower percentage of tumours
were located in the area where they were more frequently
found in the GC group. The anastomotic site at which
a previous gastric surgery was performed was indepen-
dently associated with up to an 11 times higher risk of
MGC. Similar results were previously reported in two
studies [11, 18]. It is known that the risk of GC increases
6 to 8 times in patients undergoing surgery, particularly
in patients with the Billroth II type, and mainly from 15
to 20 years after the procedure [22, 23]. Probably, the
hypochlorhydria and biliary reflux, which induce chronic
inflammation and decrease in the barrier function of
the gastric mucosa, may have a pathogenic role. Some
authors have recommended annual endoscopy with ran-
dom biopsies starting 20 years after surgery but with a
low level of scientific evidence [24]. On the other hand,
tumours arising at the anastomotic site have a poor prog-
nosis [25]. Therefore, it is essential in these patients to
perform an accurate examination of the anastomosis of
previous surgery and it is recommended to obtain mul-
tiple biopsy samples, even if there are no macroscopic
lesions suspicious for malignancy.

Regarding the clinical factors, it is important to high-
light that MGC patients had significantly fewer symp-
toms at the time of the first EGD (30 vs. 73.8%), as
previously reported [11, 16, 17]. However, the propor-
tion of patients with alarm symptoms increased to 70%
at the time of diagnostic EGD in the MGC group, a pro-
portion similar to that observed in the non-MGC group.
This could be explained by the fact that more locally
advanced lesions are likely more symptomatic. In addi-
tion, endoscopists are likely more aware of malignant
lesions in patients with warning symptoms because they
are expecting to find them. Therefore, it is essential to
perform a careful endoscopy even in patients without
classic “alarm” features.

Therefore, both the location and clinical presentation
are factors that facilitate GC diagnosis via endoscopic
examination. However, accurate examination and sys-
tematization of EGD must be mandatory in all endos-
copy units, regardless of their indications, to improve the
detection of malignant lesions and avoid MGC.
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MGC=missed gastric cancer

*79 patients for whom information was unavailable were excluded (75 from the non-MGC group and 4 from the MGC

group)

1-YEAR

3-YEARS

5-YEARS END FOLLOW-UP

MGC %(Cl) 46% (15-78)

NON-MGC %(Cl) 67% (60-74)

p 0.125

38% (8-69)

46% (39-53)

0.58

38.46% (7.86-
69,06)

31% (2-60)

38.42% (31.68-
45.17)

37% (30-44)

1 0.887

Fig. 3 Survival analysis of patients with adenocarcinoma: comparison between non-MGC and MGC patients (n=216%)

The absence of food debris is one of the multiple quality
indicators established in the different guidelines [3, 5, 26],
and it is a factor that may obviously impact GC detection.
We did not find differences because the percentage of
patients with food debris was low in both groups owing
to the endoscopy generally being rescheduled in cases of
improper preparation.

Regarding the factors associated with the endoscopic
procedure, it is known that IV sedation is considered an
important quality indicator of EGD and is recommended
by all guidelines despite the lack of evidence supporting
this assertion [3-6, 26]. To our knowledge, this is the
first study to demonstrate that performing endoscopy
without sedation is an independent factor associated to
the presence of MGC, with an OR of 3.2. This could be

explained by the fact that the use of sedation, which has
been demonstrated to be safe in endoscopic units [27],
undoubtedly improves patient tolerance of the procedure
and the comfort of endoscopists, allowing a more accu-
rate examination of the entire gastric cavity. However,
we emphasize that this relationship is based on an asso-
ciation observed in our study and does not imply a direct
causality, given the observational design of the study. In
only one study performed in a single centre in the United
Kingdom there was no relationship between sedation
and MGC [15]. In addition, in another study, MGC was
related to endoscopies performed in primary care with-
out sedation [28]. Although performing EGD without
sedation likely has a negative impact, it should be consid-
ered that other factors could be linked to both sedation
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usage and diagnostic accuracy. For example, more experi-
enced endoscopists, more meticulous exams might coin-
cidentally be more likely when sedation is used, rather
than sedation alone being the protective factor. We also
detected a decrease of more than 2% in the incidence of
MGC in the period 2014-2018, during which sedation
was routinely established for all digestive endoscopies.
Although this difference did not reach significance, this
suggests a time trend that aligns with multiple factors
that improved endoscopic technique including sedation
and perhaps better training or equipment.

Although we did not find that performing endosco-
pies with high-definition endoscopes contributed to a
decrease in MGC incidence, the use of high-definition
endoscopies with magnification techniques and chromo-
endoscopy helps to detect premalignant lesions such as
metaplasia and dysplasia [29]. However, this has not yet
been reflected in a higher rate of detection of early gastric
adenocarcinoma [30]. These lesions are still uncommon
in our geographical area, most likely due to their low
incidence and therefore due to the steep learning curve
for their detection [31].

Finally, in those patients with adenocarcinoma, we did
not find any differences regarding the stage, therapeutic
schedule, or survival between the two groups as has been
reported in all previous studies [9, 11, 12]. This is likely
because, as mentioned before, GC is still diagnosed in
advanced stages, and a delay in early diagnosis does not
imply any difference. However, this approach is expected
to change with the use of new mucosal assessment tech-
niques, such as magnification or vital or virtual chro-
moendoscopy, which could help us diagnose lesions in
earlier stages [29]. Although most of the patients in our
study had potentially resectable GC, the most common
treatment was chemotherapy or palliative care. This can
be explained by the existence of comorbidities, including
advanced age. Therefore, aggressive curative approaches,
such as surgery, were not performed, and complete stag-
ing was considered unnecessary.

The most important limitation of this study is its ret-
rospective nature, which implies that certain relevant
information may have been missing or that some data
were incomplete, such as gastric content (no scales were
used [32]), the experience of the endoscopist, duration
of the procedure, withdrawal time, previous use of PPIs/
NSAIDs or the presence of Helicobacter pylori. In addi-
tion, the sample size of MGC cases is small, which may
affect the statistical power of the analysis. Furthermore,
the study may be underpowered to detect more modest
risk factors, as some variables may have been excluded in
the multivariate analysis due to sample size constraints.
Therefore, while the identified trends are plausible, they
should be interpreted with caution and confirmed in
larger prospective studies.
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The findings of this study should be interpreted within
the context of a region with low incidence of GC and
that has been performed in a single-center with univer-
sal access to a unified health system where IV sedation,
using mainly propofol, is routinely available and safely
administered. Therefore, it is important to note that out-
comes may differ in other healthcare systems, with other
lighter sedation, or in countries with a high incidence of
GC.

Another limitation of our study that cannot go unno-
ticed is the heterogeneity of gastric tumours. We used the
definition of MGC for all histological types as reported
in the published literature [17, 28]. However, the detect-
ability and miss rates may vary depending on the tumor
type, lymphomas or submucosal tumors like GISTs might
be more challenging to detect endoscopically. Despite
there were no significant differences in the MGC rate
between histological types, the majority of MGC cases
were adenocarcinomas and our conclusions are primar-
ily applicable to this histological type. Another limita-
tion associated with the definition of MGC is that using
the 3-year cutoff implies assuming that the cancer was
present but missed on the prior exam, rather than truly
absent and newly arisen. While this limitation is inherent
to all MGC studies, the three-year cutoff remains a prag-
matic choice based on current epidemiological evidence
regarding GC progression.

In conclusion, the MGC rate in our study was 6%.
Regardless of the symptoms, when an EGD is indicated,
we recommend that it be performed under IV sedation
with precise visualization of the entire stomach and
include multiple biopsies from the anastomotic sites in
patients with previous surgery.

Acknowledgements
Not applicable.

Author contributions

C.L—design of the study, study coordination, acquisition of data, statistical
analysis and interpretation of the data, manuscript writing, critical revision of
the manuscript, and approval of the final draft as submitted; .S, BA.—study
coordination, acquisition of data, statistical analysis and interpretation of the
data, manuscript writing, critical revision of the manuscript, and approval of
the final draft as submitted; X.A.—acquisition of the data, statistical analysis
and interpretation of the data, critical revision of the manuscript, and approval
of the final draft as submitted; FFB., M.E.—statistical analysis and interpretation
of the data, critical revision of the manuscript, and approval of the final draft as
submitted; CF, Y.Z, LR. and M.A—acquisition of data and approval of the final
draft as submittedAll the authors approved the final version of the manuscript.

Funding
The author(s) received no financial support for the research, authorship, and/
or publication of this article.

Data availability
The data that support the findings of this study are available from the
corresponding author, Carme Loras, upon reasonable request.



Salvador et al. BMC Gastroenterology (2025) 25:377

Declarations

Ethical approval

The study was conducted in accordance with the Declaration of Helsinki and
was approved by the Ethics Committee Hospital Universitari Mutua Terrassa
(P/22-074) on September 22M 2022, with the need for written informed
consent waived.

Consent to participate

Informed consent for information published in this article was not obtained
due to the impossibility of obtaining consent from the subjects without
disproportionate effort and the use of data in terms that do not allow the
direct or indirect identification of participants. The waiver of informed consent
was granted in accordance with Article 58 of the Biomedical Research Law
14/2007, and was evaluated and favorably approved by the relevant ethics
committee.

Consent for publication
Not applicable.

Competing interests

C.L. has served as a speaker for Boston Scientific and consulting fees from
Fujifilm. M.E. reports grants and personal fees from AbbVie and Jansen as
well as travel grants for educational and scientific meetings from AbbVie,
Takeda and Ferring, outside the submitted work. Y.Z. has received support for
conference attendance, speaker fees, research support and consulting fees
from AbbVie, Adacyte, Dr Falk Pharma, FAES Pharma, Ferring, Janssen, Pfizer,
Takeda, Galapagos, Boehringer Ingelheim and Tillots.

Received: 1 December 2024 / Accepted: 24 April 2025
Published online: 15 May 2025

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et
al. Global Cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021,71:209-49.

2. American Cancer Society. Stomach Cancer Early Detection, Diagnosis, and
Staging. In: American Cancer Society. Available from: https://www.cancer.org
/cancer/types/stomach-cancer/detection-diagnosis-staging/survival-rates.ht
ml Accessed: 10 Oct 2023.

3. ParkWG, Shaheen NJ, Cohen J, Pike IM, Adler DG, Inadomi JM, et al. Quality
indicators for EGD. Gastrointest Endosc. 2015;81:17-30.

4. Day LW, Cohen J, Greenwald D, Petersen BT, Schlossberg NS, Vicari JJ,
et al. Quality indicators for Gastrointestinal endoscopy units. VideoGIE.
2017;2:119-40.

5. Bisschops R, Areia M, Coron E, Dobru D, Kaskas B, Kuvaev R, et al. Perfor-
mance measures for upper Gastrointestinal endoscopy: A European society
of Gastrointestinal endoscopy quality improvement initiative. United Eur
Gastroenterol J. 2016;4:629-56.

6.  Ferndndez-Esparrach G, Marin-Gabriel JC, Diez Redondo P, Nufez H, Rodri-
guez de Santiago E, Roson P, et al. Documento de Posicionamiento de La
AEG, La SEED y La SEAP sobre Calidad de La endoscopia digestiva Alta Para
La deteccién y vigilancia de Las lesiones precursoras de cancer Géstrico.
Gastroenterol Hepatol. 2021;44:448-64.

7. Fujita S. Biology of early gastric carcinoma. Pathol Res Pract.
1978;163:297-309.

8. Menon S, Trudgill N. How commonly is upper Gastrointestinal cancer missed
at endoscopy? A meta-analysis. Endosc Int Open. 2014;2:E46-50.

9. Pimenta-Melo AR, Monteiro-Soares M, Libanio D, Dinis-Ribeiro M. Missing rate
for gastric cancer during upper Gastrointestinal endoscopy. Eur J Gastroen-
terol Hepatol. 2016;28:1041-9.

10.  Chadwick G, Groene O, Riley S, Hardwick R, Crosby T, Hoare J, et al. Gastric
cancers missed during endoscopy in England. Clin Gastroenterol Hepatol.
2015;13:1264-70.

11, Hernanz N, Rodriguez de Santiago E, Marcos Prieto HM, Jorge Turrién MA,
Barreiro Alonso E, Rodriguez Escaja C, et al. Characteristics and consequences

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Page 9 of 10

of missed gastric cancer: A multicentric cohort study. Dig Liver Dis.
2019;51:894-900.

Delgado Guillena PG, Morales Alvarado VJ, Jimeno Ramiro M, Rigau Cafardo
J, Ramirez Salazar C, Garcia Rodriguez A, et al. Gastric cancer missed at
Esophagogastroduodenoscopy in a well-defined Spanish population. Dig
Liver Dis. 2019;51:1123-9.

Hosokawa O, Hattori M, Douden K, Hayashi H, Ohta KKY. Difference in
accuracy between gastroscopy and colonoscopy for detection of cancer.
Hepatogastroenterology. 2007,54:442-4.

Alexandre L, Tsilegeridis-Legeris T, Lam S. Clinical and endoscopic charac-
teristics associated with Post-Endoscopy upper Gastrointestinal cancers: A
systematic review and Meta-analysis. Gastroenterology. 2022;162:1123-35.
Way F, Tai D, Wray N, Sidhu R, Hopper A, Foong D, et al. Factors associated
with oesophagogastric cancers missed by gastroscopy: a case-control study
mark McAlindon professional matters how might it impact on clinical prac-
tice in the foreseeable future. Gastroenterology. 2020;11:194-201.

Cheung D, Menon S, Hoare J, Dhar A, Trudgill N. Factors associated with
upper Gastrointestinal Cancer occurrence after endoscopy that did not
diagnose Cancer. Dig Dis Sci. 2016;61:2674-84.

Gavric A, Hanzel J, Zagar T, Zadnik V, Plut S, Stabuc B. Survival outcomes

and rate of missed upper Gastrointestinal cancers at routine endoscopy:

A single centre retrospective cohort study. Eur J Gastroenterol Hepatol.
2020;32:1312-21.

Beck M, Bringeland EA, Qvigstad G, Fossmark R. Gastric cancers missed at
upper endoscopy in central Norway 2007 to 2016—A Population-Based
study. Cancers (Basel). 2021;13:5628.

Stephen B, Edge B, David R, Byrd S, Carolyn C, Compton B, April G, Fritz R,
Frederick L, Greene C, Andy Trotti T. The American joint committee on cancer:
the 7th edition of the AJCC cancer staging manual and the future of TNM.
Annals of surgical oncology. 7th ed. London: Springer; 2010. pp. 117-26.
Smyth EC, Verheij M, Allum W, Cunningham D, Cervantes A, Arnold D, et al.
Gastric cancer: ESMO clinical practice guidelines for diagnosis, treatment and
follow-up. Ann Oncol. 2016;27:v38-49.

Raftopoulos SC, Segarajasingam DS, Burke V, Ee HC, Yusoff IF. A cohort study
of missed and new cancers after Esophagogastroduodenoscopy. Am J
Gastroenterol. 2010;105:1292-7.

Tersmette AC, Giardiello FM, Tytgat GNJ, Offerhaus GJA. Carcinogenesis after
remote peptic ulcer surgery: the long-term prognosis of partial gastrectomy.
Scand J Gastroenterol. 1995;30:96-9.

Caygill CPJ, Kirkham JS, Hill MJ, Northfield TC. Mortality from gastric cancer
following gastric surgery for peptic ulcer. Lancet. 1986;327:929-31.

Greene FL. Management of gastric remnant carcinoma based on the results
of a 1 5-Year endoscopic screening program. Ann Surg. 1996,223:701-8.
Tsutomu Namikawa H, Kitagawa J, Iwabu T, Okabayashi, Michiya Kobayashi
KH. Tumors arising at previous anastomotic site May have poor prognosis in
patients with gastric stump cancer following gastrectomy. J Gastrointest Surg
14:1923-30.

Beg S, Ragunath K, Wyman A, Banks M, Trudgill N, Pritchard MD, et al. Quality
standards in upper Gastrointestinal endoscopy: A position statement of the
British society of gastroenterology (BSG) and association of upper Gastroin-
testinal surgeons of great Britain and Ireland (AUGIS). Gut. 2017,66:1886-99.
McQuaid KR, Laine L. A systematic review and meta-analysis of randomized,
controlled trials of moderate sedation for routine endoscopic procedures.
Gastrointest Endosc. 2008;67:910-23.

Januszewicz W, Witczak K, Wieszczy P, Socha M, Turkot MH, Wojciechowska
U, et al. Prevalence and risk factors of upper Gastrointestinal cancers

missed during endoscopy: a nationwide registry-based study. Endoscopy.
2022;54.653-60.

Pimentel-Nunes P, Libanio D, Marcos-Pinto R, Areia M, Leja M, Esposito G, et
al. Management of epithelial precancerous conditions and lesions in the
stomach (MAPS II): European society of Gastrointestinal endoscopy (ESGE),
European Helicobacter and microbiota study group (EHMSG), European soci-
ety of pathology (ESP), and sociedade Portuguesa de endoscopia digestiva
(SPED) guideline update 2019. Endoscopy. 2019;51:365-88.

Kaise M. Advanced endoscopic imaging for early gastric cancer. Best Pract
Res Clin Gastroenterol. 2015;29:575-87.

Delgado-Guillena P, Morales-Alvarado V, Ramirez Salazar C, Jimeno Ramiro M,
Llibre Nieto G, Galvez-Olortegui J, et al. Frequency and clinical characteristics
of early gastric cancer in comparison to advanced gastric cancer in a health
area of Spain. Gastroenterol Hepatol. 2020;43:506-14.


https://www.cancer.org/cancer/types/stomach-cancer/detection-diagnosis-staging/survival-rates.html
https://www.cancer.org/cancer/types/stomach-cancer/detection-diagnosis-staging/survival-rates.html
https://www.cancer.org/cancer/types/stomach-cancer/detection-diagnosis-staging/survival-rates.html

Salvador et al. BMC Gastroenterology (2025) 25:377 Page 10 of 10

32. Coérdova H, Barreiro-Alonso E, Castillo-Regalado E, Cubiella J, Delgado- . P
Guillena P, Diez Redondo P, et al. Applicability of the Barcelona scale to assess quHSher s note ) o o
the quality of cleanliness of mucosa at Esophagogastroduodenoscopy. Springer Nature remains neutral with regard to jurisdictional claims in
Gastroenterol Hepatol. 2024:47:246-52. published maps and institutional affiliations.



	﻿Intravenous sedation during esophagogastroduodenoscopy is associated with a reduced risk of missed gastric cancer
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Design, study population and data collection
	﻿MGC definition
	﻿Study variables
	﻿Statistical analysis

	﻿Results
	﻿MGC prevalence and general characteristics
	﻿Factors depending on the endoscopic procedure
	﻿Predictor factors for MGC
	﻿Treatment and prognosis of adenocarcinomas

	﻿Discussion
	﻿References


