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Endoscopic submucosal dissection (ESD) is an advanced endoscopic procedure for
management of gastrointestinal tumours. ESD is usually performed under sedation.
However, the use of general anaesthesia (GA) has been hypothesised to improve ESD
outcomes. We performed a systematic review and meta-analysis to compare GA against
sedation in ESD. A systematic literature search was performed on Cochrane Library,
EMBASE and MEDLINE using the terms “General Anaesthesia’, “Sedation”and “Endoscopic
submucosal dissection” Original articles comparing GA versus sedation in ESD were
included. The risk of bias and level of evidence were assessed by validated methods.
This review is registered in PROSPERO (CRD42021275813). 176 articles were found in
the initial literature search, and 7 articles (comprising 518 patients receiving GA and 495
receiving sedation) were included. Compared with sedation, GA was associated with
higher en-bloc resection rates in oesophageal ESD (RR 1.05; 95% Cl: 1.00-1.10; I* = 65%;
P =0.05). GA patients also trended towards lower rates of gastrointestinal perforation
in all ESD procedures (RR 0.62; 95% Cl: 0.21-1.82; * = 52%; P = 0.06). Rates of intra-
procedural desaturation and post-procedural aspiration pneumonia were lower in GA
patients than in patients under sedation. The included studies had a moderate to high
risk of bias, and the overall level of evidence was low. GA appears safe and feasible for
ESD, yet high-quality trials will be required before GA can be regularly implemented
for ESD.
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Endoscopic submucosal dissection (ESD) is an
advanced endoscopic procedure for treating early-
stage gastrointestinal tumours [1]. It enables en-bloc
resection of lesions with organ preservation and is
associated with better outcomes than other endo-
scopic resection procedures [2]. ESD requires exten-
sive instrumentation in the gastrointestinal tract,
and potential adverse outcomes of gastrointestinal
bleeding and perforation have been reported [3, 4].
ESD is generally performed under sedation [5, 6].
However, the use of general anaesthesia (GA) in
ESD has also been proposed [7]. GA, when com-
pared with sedation, can minimise inadvertent
patient movement [8], which may subsequently
improve procedural success rates and reduce com-
plications. We performed a systematic review and
meta-analysis to compare GA versus sedation in ESD.
The primary objectives of this meta-analysis were to
compare the en-bloc resection rates and procedural
times when comparing GA against sedation in ESD.

We hypothesised that GA would lead to higher en-
bloc resection rates without impacting the overall
procedural time. The secondary objective of this
meta-analysis was to compare the complication
rates in GA versus sedation in ESD. We hypothesise
that the incidence of intra-procedural hemodynamic
instability, gastrointestinal perforation, gastrointes-
tinal bleeding, and aspiration pneumonia would be
lower in the GA group than in the sedation group.

METHODS

Protocol

This study was registered in PROSPERO (CRD-
42021275813) and was performed as per the PRISMA
guidelines.

Literature search and data extraction

We performed a systematic literature search
of EMBASE, MEDLINE and Cochrane Library from in-
ception to 31 August 2021. Search terms (including
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synonyms or MeSH terms) included a combination
of 1) general anaesthesia, 2) sedation, and 3) endo-
scopic submucosal dissection.

Articles in English comparing GA versus seda-
tion in ESD were included. Papers were not excluded
based on year or place of publication. Randomised
controlled trials, cohort studies and case-control
studies were included. Non-original articles, review
papers and conference papers were excluded.

The articles were independently screened by
two reviewers (RWHH and CML) for inclusion. Data
were subsequently extracted from the included arti-
cles independently. Extracted data included patient
demographics, indication for ESD, procedural time,
rate of en-bloc resection, the incidence of intra-
procedural vital instability, the incidence of gastro-
intestinal perforation, the incidence of gastrointes-
tinal bleeding, and the incidence of post-procedural
aspiration pneumonia.

Risk of bias evaluation

The risk of bias was measured by the Cochrane
Risk of Bias in Non-randomised Studies of Interven-
tions (ROBINS-I) assessment tool [9], which rated
bias in the seven domains of confounding, partici-
pant selection, classification of interventions, devia-
tions from intended intervention, missing data, out-
come measurement and selective reporting. A final
assessment of the overall risk of bias was included.
The risk of bias was categorised as low, moderate,
high, to critical in each domain.

Level of evidence

The overall evidence level was determined by
the Grades of Recommendation, Assessment, De-
velopment, and Evaluation (GRADE) approach [10],
which assessed parameters including indirectness,

Identification of studies via databases and register
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Cochrane Library: 27 >
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MEDLINE: 106
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Non-original articles (n = 22)
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Conference proceedings or case
report (n =2)
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in meta-analysis (n =7)

FIGURE 1. PRISMA diagram showing study selection

potential bias, inconsistency, imprecision and other
considerations.

Statistical analysis

Analysis was performed on Review Manager,
Version 5.4 (Cochrane Collaboration, Oxford, UK)
and MetaXL (Epigear). For articles that reported
outcomes in median and range only, mean and
standard deviation were calculated through vali-
dated methods [11]. Outcomes were compared
between patients who received ESD under GA
or sedation. The weighted mean difference with
95% Cl or relative risk (RR) with 95% Cl was calcu-
lated for continuous outcomes or dichotomous
outcomes, respectively. Subgroup analysis was
performed based on the ESD subtype (gastric or
oesophageal). A random effects model was used for
meta-analysis. Qualitative comparison (without sta-
tistical analysis) was performed for outcomes that
were reported in fewer than three studies.

RESULTS
Study selection

Atotal of 176 articles were retrieved from the lite-
rature search. 169 articles were excluded, and seven
articles were selected for analysis. Figure 1 depicts
the study inclusion and exclusion process.

Characteristics of included studies

Seven articles involving seven independent
studies were included in the meta-analysis [12-18].
The studies were published between 2013 and
2021. Six studies were retrospective cohort studies
[12-17], and one study was a prospective cohort
study [18]. The studies included a total of 1013 pa-
tients (518 receiving GA and 495 receiving seda-
tion). Four studies reported ESD in patients with
oesophageal neoplasms [13-16], and two studies
reported ESD in patients with gastric neoplasms
[12, 17]. One study involved 39 patients with oeso-
phageal neoplasms and 66 patients with gastric neo-
plasms [18]. Table 1 summarises the characteristics
of included studies.

Primary outcomes
En-bloc resection

The rates of en-bloc resection were reported
in six studies [12-14, 16-18]. The rate of en-bloc
resection was 1.04 in GA compared with sedation,
although this difference was not statistically signifi-
cant (RR 1.04; 95% Cl: 0.99-1.09; = 71%; P = 0.08)
(Figure 2A).

When stratified by ESD subtype, the en-bloc
resection rate was higher in GA than in sedation
for oesophageal ESD (RR 1.05; 95% CI: 1.00-1.10;
I?=65%; P=0.05) (Figure 2B) [13, 14, 16].



TABLE 1. Characteristics of selected studies

GA versus sedation in ESD

Sedation regime

Induction: midazolam
Maintenance: propofol, remifentanil

Dexmedetomidine, propofol

Midazolam

Midazolam, propofol, remifentanil

Midazolam

Induction: fentanyl, midazolam

Maintenance: propofol

Diazepam

GA regime

Induction: propofol, remifentanil
Maintenance: propofol, remifentanil

Induction: propofol, remifentanil
Maintenance: remifentanil, sevoflurane

Induction: propofol, sevoflurane
Maintenance: remifentanil, sevoflurane

Induction: midazolam, propofol
Maintenance: propofol, remifentanil

Induction: propofol, sevoflurane
Maintenance: remifentanil, sevoflurane

Induction: fentanyl, midazolam

Maintenance: fentanyl, sevoflurane

Induction: midazolam, propofol
Maintenance: propofol, fentanyl

Indication for ESD

Male (%)

Patient number

Mean age
94
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ESD — endoscopic submucosal dissection, GA — general anaesthesia, NR — not reported

No quantitative analysis was performed in
the gastric ESD subgroup due to the inclusion
of two studies only. Chang et al. [12] reported com-
parably high rates of en-bloc resection for both GA
and sedation groups (95.7% vs. 97.9%, P = 0.68).
Similar results were reported by Yurtlu et al. [17]
as well (97.3% vs. 98.1%, P = 0.24). The study with
mixed ESD indications did not report on en-bloc
resection rates in the subgroups and was excluded
from the subgroup analysis [18].

Procedural times

All seven studies reported on ESD procedural
times, as defined by the time from initiation to
termination of ESD [12-18]. The procedural times
were comparable in GA and sedation (mean differ-
ence 3.47 minutes; 95% Cl: -19.42 to 26.35; I’ = 97%;
P =0.77) (Figure 3A).

When stratified by ESD subtype, procedural
times were statistically comparable between GA
and sedation in oesophageal ESD (mean difference
11.75 minutes; 95% Cl: -9.03 to 32.53; > = 85%;
P =0.27) (Figure 3B) [13-16].

Only two studies reported procedural times in
gastric ESD patients. Chang et al. [12] reported lon-
ger procedural times in GA patients than in seda-
tion patients for gastric ESD (103.9 vs 82.4 minutes,
P =0.003). In contrast, Yurtlu et al. [17] reported
anumerically shorter but statistically comparable pro-
cedural time in GA and in sedation (36.3 vs. 44.4 min-
utes, P=0.094). The study with mixed ESD indications
did not report procedural times in the subgroups and
was excluded from the subgroup analysis [18].

Secondary outcomes
Intra-procedural vital instability

Intra-procedural vital instability was reported in
four studies [13-15, 18]. As various definitions were
used in the different studies, qualitative assessment
without quantitative comparison was performed.
Rong et al. [18] reported no cases of hypotension
or respiratory depression in either the GA or seda-
tion group (definition of hypotension and respira-
tory depression not provided). Yurtlu et al. [17] re-
ported one case of desaturation (oxygen saturation
< 90%) in their GA group versus 10 cases of de-
saturation in their sedation group. Kim et al. [14]
reported no cases of vital instability in GA patients
versus two cases of fast atrial fibrillation (heart rate
not provided) and one case of desaturation (oxygen
saturation < 90%) in their sedation group. Hamada
etal. [13] reported no cases of vital instability in GA
patients versus seven cases of hypotension (sys-
tolic pressure < 90 mm Hg), five cases of bradycar-
dia (heart rate < 50 beats per minute), three cases
of bradypnea (respiratory rate < 8 per minute) and



Choy-May Leung, Rex Wan-Hin Hui

A Eavours sedation = Favours GA
Study, - RR(95%CI) % Weight
Chang 2021 —a— 0.98 ( 093, 1.03) 191
Kim 2020 — 1.04 099, 1.09) 198
Hamada 2019 - 1.02 ( 089, 1.08) 221
Song 2018 —_— 143 ( 1,08, 1.22) 146
Yurtlu 2016 I I 099 ( 0.83, 1.08) 167
Rong 2013 = 123 ( 1.07, 1.41) 7.7
Overall i 1.04 { 0.99, 1.08) 100.0
p=0.08,12=71% |
1] 1 11 13 14
RR
B Eavours sedation  Favours GA
Study . RR (95% CI) % Weight
Kim 2020 —] 1.04 ( 0.99, 1.09) 352
Hamada 2019 —— 1.02 ( 0.99, 1.08) 41.7
Song 2018 — 113 ( 108, 1.22) 2341
Owerall R 1.05 ( 1.00, 1.10) 100.0
p=0.05,12=65%
09 1 11 13 14
RR

FIGURE 2. Relative risks of en-bloc resection between general anaesthesia and sedation groups in the whole cohort (A) and in oesophageal

endoscopic submucosal dissection only (B)
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FIGURE 3. Weighted mean difference of procedural time between general anaesthesia and sedation groups in the whole cohort (A)

and in oesophageal endoscopic submucosal dissection only (B)

two cases of hypoxia (oxygen saturatio n < 90%) in
their sedation group.

Gastrointestinal perforation

Six articles reported incidence of gastrointes-
tinal perforation, defined by overt perforations
seen on endoscopy or micro-perforations detected
through post-procedural X-ray [12-17]. When com-
pared with the sedation group, patients under GA
had a relative risk of 0.62 to have gastrointestinal
perforation, and this difference was borderline

significant (RR 0.62; 95% Cl: 0.21-1.82; I* = 52%;
P =0.06) (Figure 4A).

Five studies reported on incidence of perforation
in oesophageal ESD, and the relative risk of perforation
was statistically comparable in GA and sedation (RR
0.41; 95% Cl: 0.13-1.29; P = 23%; P=0.27) (Figure 4B).

Only two studies reported perforation rates in
gastric ESD, and both studies reported statistically
comparable perforation rates between GA and
sedation groups, respectively (3.3% vs. 5.6% and
12.8% vs. 5.3% respectively; both P > 0.05) [12, 18].
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FIGURE 4. Relative risks of gastrointestinal perforation between general anaesthesia and sedation groups in the whole cohort (A) and

in oesophageal endoscopic submucosal dissection only (B)
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FIGURE 5. Relative risks of gastrointestinal bleeding between general anaesthesia and sedation groups in the whole cohort (A) and

in oesophageal endoscopic submucosal dissection only (B)

Gastrointestinal bleeding

Six studies reported incidence of post-proce-
dural gastrointestinal bleeding, defined as clinically
overt gastrointestinal bleeding requiring further
endoscopic therapy [12-16, 18]. No significant dif-
ferences in bleeding risk were noted between GA
and sedation (RR 0.75; 95% Cl: 0.28-2.01; I> = 0%;
P =0.48) (Figure 5A).

In oesophageal ESD, the relative risk of bleed-
ing was similar between GA and sedation (RR 0.99;
95% Cl: 0.21-4.77; > = 0%; P = 0.72) (Figure 5B).

For gastric ESD, two studies reported no signifi-
cant difference in bleeding rates between GA and
sedation groups, respectively (3.3% vs. 19.4% and
4.3% vs. 3.2%; both P> 0.05) [12, 18].

Aspiration pneumonia

Four studies reported on the incidence of post-
procedural aspiration pneumonia, defined by post-
procedural chest X-ray abnormalities [13-15, 17].
The risk of aspiration pneumonia was 0.24 in the GA
group compared with sedation. However, this dif-
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FIGURE 6. Relative risks of aspiration pneumonia between general anaesthesia and sedation groups in the whole cohort (A) and

in oesophageal endoscopic submucosal dissection only (B)

ference was not statistically significant (RR 0.24;
95% Cl: 0.05-1.08; > = 0%; P = 0.75) (Figure 6A).

In oesophageal ESD, aspiration pneumonia rates
were numerically lower in GA compared to sedation
(RR 0.19; 95% CI: 0.03-1.07; ’= 0%; P = 0.62) (Figu-
re 6B).

For gastric ESD, Yurtlu et al. [17] reported aspi-
ration pneumonia rates of 1.9% in their sedation
group versus no cases in their GA group.

Risk of bias
Confounding

All the studies were cohort studies, and the as-
signment of patients to sedation or GA was de-
pendent on the clinician’s discretion. This led to
potential confounding by baseline tumour status
and the presence of comorbidities. Three studies
had a moderate risk of confounding [12, 14, 16], as
the authors attempted to control forimportant con-
founders by regression or stratification. Four stud-
ies had a high risk of confounding [13, 15, 17, 18],
as confounders were not addressed in the analysis.

Participant selection

Six studies had low bias risk in participant se-
lection [12-16, 18]. One study had a high bias risk
for participant selection, as the study rejected
the first 40 patients from the analysis to account for
the learning curve of ESD, yet the first 40 patients all
received sedation [17].

Classification of intervention

All studies had low bias risk in the classification
of intervention [12-18].

Deviations from intended interventions

All studies had a low risk of bias for deviation
from intended interventions [12-18].

Missing data
All studies had a low risk of missing data [12-18].

Outcome measurement
All studies had a low risk of bias in outcome

measurement, as all outcomes were objective mea-
sures [12-18].

Selective reporting

The risk of bias in selective reporting was low in
three studies [12, 13, 15]. Two studies had a moder-
ate risk of bias, as multiple analyses and stratification
of the same outcomes were noted [14, 16]. Two stud-
ies presented different outcomes or cut-offs for anal-
ysis in their methodology and result sections, leading
to high bias risk in selective reporting [17, 18].

Overall risk of bias

The overall risk of bias was moderate in three stud-
ies [12, 14, 16] and high in four studies [13, 15, 17, 18].
Table 2 depicts the breakdown of the risk of bias.

Level of evidence

The evidence level was low when rated by
the GRADE approach. The risk of bias was a key fac-
tor leading to low certainty.

DISCUSSION

Our meta-analysis demonstrated that the en-
bloc resection rate in oesophageal ESD was higher
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TABLE 2. Risk of bias assessment
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in GA when compared with sedation. En-bloc re-
section is associated with lower rates of tumour
recurrence, which is a crucial advantage of ESD
over other endoscopic resection methods [19, 20].
As the oesophagus has a thin wall and narrow lu-
men, a stable working field is required for successful
en-bloc resection [16]. GA obviates the risk of un-
dersedation and likely results in less inadvertent
patient movement than sedation [8], which can
explain its impact on increasing en-bloc resection
rates in oesophageal ESD. The impact of GA on en-
bloc resection was not observable for gastric ESD,
and this may be explained by the larger lumen size
of the stomach, which provides greater endoscopic
manoeuvrability. As gastric ESD is less technically
demanding than oesophageal ESD [21], the benefit
of minimising patient movement through GA may
be less apparent in gastric procedures.

The procedural times in our meta-analysis had
high heterogeneity (1?= 97%), and no significant
difference in procedural time between GA and se-
dation was noted in the pooled analysis. Previous
studies have reported tumour size and anatomical
location as the key determinants of ESD procedural
times [22, 23], as these factors can affect dissection
speed. Other factors, including patient factors, have
not been demonstrated to affect ESD procedural
times [22, 23]. Future studies should aim to further
characterise factors affecting procedural time, as
endoscopic procedural time has potential implica-
tions for the efficiency of endoscopy suite operation
[24]. Of note, the studies included in this review
defined procedural time from initiation to comple-
tion of ESD but did not report on the time required
for patient preparation and anaesthesia. The to-
tal patient contact time, including anaesthetic,
pre-procedural preparation, and procedural and
post-procedural recovery times should be reported
in subsequent studies, as these data have important
implications for endoscopy suite utility and cost-
effectiveness.

Our meta-analysis also demonstrated a trend
towards lower gastrointestinal perforation risk in
GA when compared with sedation in ESD. As per-
foration is a rare event, the relatively small number
of patients in this meta-analysis may mean the study
is underpowered to investigate the association be-
tween GA and perforation. Gastrointestinal perfora-
tion is one of the most serious complications of ESD
[20]. While perforations in ESD may be managed
conservatively, cases requiring emergency surgery
have been reported [25, 26]. Measures to prevent
a perforation in ESD include adequate hands-on
training, selection of suitable ESD equipment, and
modification of ESD techniques based on tumour
location and size [3]. GA may provide a more stable
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working field for ESD [8], which may, in turn, reduce
the risk of gastrointestinal perforation.

Intra-procedural desaturation appeared to occur
less frequently in patients undergoing GA than in se-
dation for ESD, although the heterogenous outcome
reporting precluded quantitative comparison. Aspi-
ration is a common adverse event in ESD [27, 28],
and an advantage of GA is that endotracheal intu-
bation is performed, and continuous airway protec-
tion is maintained throughout the procedure [29].
The lower rates of intra-procedural desaturation
in GA patients may be attributable to better intra-
procedural airway protection. Furthermore, we also
observed a numerically lower rate of post-procedur-
al aspiration pneumonia in GA patients, supporting
the potential impact of GA on reducing respiratory
complications in ESD.

The incidence of intra-procedural hypotension
and arrhythmia was incompletely reported in in-
cluded studies, limiting our ability to draw meaning-
ful conclusions on the cardiovascular effects of GA
in ESD. Nonetheless, effective sedative dosing and
patient tolerability to endoscopy can vary substan-
tially among patients, leading to difficulty maintain-
ing a stable and adequate sedation level [29, 30].
Repeated dosing of sedatives during ESD may re-
sultin cardiovascular instability [29], and GA may be
a more straightforward and safe option for maintain-
ing intra-procedural cardiovascular stability.

Several limitations should be considered. First,
the included studies all had relatively small sam-
ple sizes. The majority of included studies (six out
of seven) were also retrospective studies. This meta-
analysis may hence be underpowered to detect rare
complications such as gastrointestinal bleeding or
perforation. Multi-centre prospective studies or ran-
domised trials should be considered for investigat-
ing the association between GA and ESD adverse
events. Second, all studies had a moderate to high
risk of bias, especially in confounding, which led to
low evidence levels. The choice between GA versus
sedation was based on clinician discretion in all
the included studies, and potential confounding by
baseline tumour status and patient comorbidities
was possible. Indeed, two articles reported that GA
patients had a larger total tumour size and circum-
ferential tumour size when compared with the se-
dation groups in their respective studies [13, 16].
This suggested that clinicians may be more likely
to perform GA in patients with anticipated difficult
ESD. Given that more difficult cases were selected
for GA, the direction of bias would likely favour
the sedation group, and efficacy or safety outcomes
would be biased against GA. Nonetheless, GA was
associated with higher en-bloc resection rates in
oesophageal procedures and trended towards low-

er rates of perforation, desaturation and post-proce-
dural aspiration pneumonia despite potential bias.
The results from this meta-analysis appear promis-
ing, and the efficacy and safety of GA in ESD warrant
further investigation.

Another limitation of this meta-analysis is
the limited number of gastric ESD studies [12, 17, 18],
which limited subgroup analyses. Furthermore, no
evidence of GA in colorectal ESD was identifiable on
the systematic literature review. With the promising
data on GA in upper gastrointestinal ESD, the use
of GA in colorectal ESD should be explored as well.

CONCLUSIONS

The en-bloc resection rates in oesophageal ESD
may be higher when using GA when compared
with sedation. GA also demonstrated a trend to-
wards lower rates of gastrointestinal perforation,
intra-procedural desaturation and post-procedural
aspiration pneumonia. Nonetheless, the risk of bias
was moderate to high, and the level of evidence was
low. High-quality, large-scale trials are warranted
before the regular implementation of GA in ESD.
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