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Efficacy and safety of esketamine s

for sedation among patients
undergoing gastrointestinal endoscopy:
a systematic review and meta-analysis
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Abstract

Background Patients who undergo gastrointestinal endoscopy often require propofol-based sedation combined
with analgesics. At present, the efficacy and safety of esketamine as an adjunct to propofol for sedation during
endoscopic procedures in patients remains controversial. Moreover, there is no universal agreement regarding the
appropriate dose of esketamine supplementation. This study aimed to assess the efficacy and safety of esketamine as
an adjunct to propofol for sedation during endoscopic procedures in patients.

Methods Seven electronic databases and three clinical trial registry platforms were searched and the deadline was
February 2023. Randomized controlled trials (RCTs) evaluating the efficacy of esketamine for sedation were included
by two reviewers. Data from the eligible studies were combined to calculate the pooled risk ratio or standardized
mean difference.

Results Eighteen studies with 1962 esketamine participants were included in the analysis. As an adjunct to propofol,
the administration of esketamine reduced the recovery time compared to normal saline (NS). However, there was

no significant difference between the opioids group and ketamine group. For propofol dosage, the administration

of esketamine required a lower propofol dosage compared to the NS group and opioids group].For complications,
the esketamine group had fewer complications compared to the NS group and opioid group in patients, but there
were no significant differences between the esketamine group and ketamine group. Notably, the coadministration of
esketamine was associated with a higher risk of visual disturbance compared to the NS group. In addition, we used
subgroup analysis to investigate whether 0.2-0.5 mg/kg esketamine was effective and tolerable for patients.

Conclusion Esketamine as an adjunct to propofol, is an appropriate effective alternative for sedation in participants
undergoing gastrointestinal endoscopy. However, considering the possibility of its psychotomimetic effects, esketa-
mine should be used with caution.
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Introduction

Gastroscopy and colonoscopy are commonly used in
the diagnosis of gastrointestinal and colorectal diseases
[1, 2]. Current clinical guidelines have recommended
the application of anesthesia sedation to relieve the
associated physical and emotional stress, which would
improve the examination outcomes [3]. In China, the
current sedation rate is approximately 50% and has
increased rapidly, and the frequently used protocol is
the propofol-based sedation combined with other anal-
gesics [4, 5].

Propofol, an ultrashort-acting sedative agent with a
shorter recovery time, has been widely used as an intra-
venous anesthetic in gastrointestinal endoscopy examina-
tions [6—8]. Nevertheless, when propofol was used alone
as a sedative for gastrointestinal endoscopy, it had many
side effects, such as hypoxemia and major adverse cardi-
ovascular events, which appear to be dose and injection
speed related [9-12]. The US Food and Drug Administra-
tion recommends that propofol should only be adminis-
tered by people trained in the administration of general
anesthesia [13].Furthermore, propofol as a single drug
lacks analgesic effects for painless gastrointestinal endos-
copy, and esketamine, midazolam and remifentanil were
applied to provide pain relief [14, 15].

Esketamine, a novel N-methyl-D-aspartate receptor
antagonist, is the s-enantiomer of ketamine, and its anal-
gesic and sedative effects are twofold higher than those
of racemic ketamine [16]. Furthermore, its elimination
and recovery time is shorter, and is associated with fewer
adverse reactions, such as mental symptoms and respira-
tory secretions [17]. In addition, its sympathomimetic
qualities can counteract the hemodynamic depression of
propofol and thus reduce the risk of cardiovascular and
respiratory depression during sedation. Therefore, esket-
amine could be an attractive additive to propofol seda-
tion instead of opioids [18], and some studies have shown
that the anesthetic dose of esketamine can produce good
sedative and analgesic effects [19, 20].

Considering the previously reported evidence about
these complementary effects of esketamine as an adjunct
to propofol, the combined use of esketamine and propo-
fol may be a promising approach that could reduce the
risk of oversedation of propofol in gastrointestinal
endoscopy. However, there is a lack of a high-quality
meta-analysis concerning the safety and efficacy of the
combined use of esketamine and propofol for gastroin-
testinal endoscopy. The aim of the study, therefore, was
to conduct a systematic review and meta-analysis of ran-
domized controlled trials (RCTs) to investigate the safety
and efficacy of esketamine as an adjunct to propofol and
the effect of different doses of esketamine for gastrointes-
tinal endoscopy in patients.
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Materials and methods

This meta-analysis was performed according to the rec-
ommendations in the Preferred Reporting Items for Sys-
tematic Reviews and Meta Analyses (PRISMA) statement
and the guidelines described in the Cochrane Handbook
[21].

Search strategy

Our research comprises three English electronic data-
bases (PubMed, Embase, Cochrane Library) and four
Chinese electronic databases (China National Knowledge
Infrastructure, Wan Fang Database, Chinese Biomedical
Literature Database, VIP Database for Chinese Techni-
cal Periodicals). Three clinical trial registry platforms
were used to find additional studies, including Clinical
Trials.gov, the World Health Organization Clinical Tri-
als Registry Platform and Cochrane Central Registry of
Controlled Trials. The search strategy was specific for
each database and included a combination of the medi-
cal subject headings and free text terms for (“esketamine”
or “s-ketamine” or “L-ketamine” or “(-)-ketamine”) and
(“gastrointestinal endoscopy” or “gastroscopy” or” colo-
noscopy”). We looked for additional studies in the refer-
ence lists of selected articles and contacted the authors if
we encountered unclear information. The deadline for all
retrieval was February 2023.

Inclusion/ exclusion criteria

The following criteria were included: (1) intervention:
esketamine; (2) comparison: placebo, no intervention
or other sedative hypnotics; and (3) type of study: rand-
omized controlled trial (RCT). Exclusion criteria were as
follows: (1) patients in intensive care, adult subjects and
per protocol use of additional sedative medication other
than rescue medication; and (2) studies with incomplete
or missing information; and (3) not Chinese or English
literature.

The primary outcomes were the following: recov-
ery time (from medication administration to the
patients’ awakening) and propofol dosage. The second-
ary outcomes were the following: other adverse events
(incidence of nausea and vomiting, injection pain, hypo-
tension, bradycardia, and so on).

Data extraction
Two authors independently extracted the data based on a
previously designed data extraction table. Data extracted
were author, year of publication, country, experimen-
tal design, sample size, mean age, intervention measure,
dose, type of procedure, and any outcome that met the
inclusion criteria.

Two independent reviewers screened all the titles
and abstracts to determine potential eligible articles.
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They independently applied the eligibility criteria
to perform the final selection. When discrepancies
occurred between both reviewers regarding the inclu-
sion of the articles, they discussed and identified the
reasons to either include or exclude the articles and
then made the final decision. If they could not reach
an agreement, the final decision was based on a third
reviewer.

Risk of bias assessment
We used the Cochrane risk of bias tool for RCT studies [22].

Statistical analysis

Meta-analysis was conducted with RevMan 5.3. The
data were pooled and expressed as relative risks (RR)
or Mean Difference (MD) with 95% confidence inter-
val (CI). Heterogeneity assessment was formed by
I-squared (I?) statistics. A fixed effects model was ini-
tially conducted. If significant heterogeneity existed
among trials (I*>50%), potential sources of heterogene-
ity were considered, and where appropriate a random
effects model was used [23, 24].
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Moreover, subgroup analyses were conducted for
all outcomes according to the dosages of esketamine
(0.1 mg/kg ~ 1 mg/kg) if applicable.

Results

Study search and characteristics

A total of 1660 records were identified for preliminary
screening. After screening the titles and abstracts, 18 eli-
gible studies with 1962 participants were included in this
meta-analysis (Fig. 1). The dose range of esketamine was
0.1 mg/kg~ 1 mg/kg (Table 1).

Quality assessment (risk of bias assessment)

According to the Cochrane risk of bias tool, 7 aspects
were evaluated. In terms of random sequence genera-
tion, 77.77% of studies (14/18) with a low risk of bias used
an adequate method of random sequence generation,
such as using a random number table or a computer-
generated random number table. In terms of allocation
concealment, 50% of studies (9/18) mentioned alloca-
tion concealment. Regarding the blinding of participants
and personnel, 38.88% of studies (7/18) performed on
the blinding of participants and personnel, such as using

CNKI (N=160) CBM(N=85)
WanFang (N=127) VIP (N=117)

PubMed(N=1292) Embase (N=1260)
Cochrane library (N=184)
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v
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Fig. 1 Flow diagram of selecting study



Page 4 of 16

(2023) 23:204

Lian et al. BMC Anesthesiology

ssauizzip

TUSWSAOW Apog "UoIssaidap 9EFEYC Y1IFGLS 9T 05 |ojodoid y/ByBw 9—t snid SN

Kioresidsal ‘ured TomoaUl |ojodoid y/bx 6w 9-f
‘aw A1ar0dai ‘asop |ojodoid || ~ | YSY Adodsopusa |eunsaiulonsed CTF6EC 9LLFHTS 12/6¢C 0S sn|d aujwielaysa BYy/bw 570 [2€] 2207 '[P 39 X UBAA

|ojodoid B/ bw 7 ~G |

/  ¥'0L¥8'89 Lz/6l ok snid sulweiaysa 6%/6w 570

|ojodoud b/6w 57— snid

/ 6 v¥+8C Gl/S¢ [ol% jueluayns 6y/6M 800

uolsualodAy TUsWaAOW I~ |ojodoid B/ bw §7~G'|
Apog ‘uoissaidap Aiojeldsal I1YSY Adodsopus |eupsajulolised / EYFELL 81/ct or snjd aupozap B/6w 80’0 [L€] 120z e 32 D7 Buos

|ojodoid

€LTF/9ET  [8'6F9E6Y 0g/0C 05 By/bw z-1 snid SN BY/Bw 10

eIpIEDAPRIq _ _ [ojodoud

"UoIsU210dAY TUSTISACW geFeTC CELF/eh 01/0T 0¢ By/Bw z-1 snid SN Wi 01

Apoq ‘uoissaidap Aioresidsal |ojodoid bBy/6w z—|
‘auwn A1on0dal ‘9sop jojodoid || ~ | YSY Adodsopus [eunsaiulonseb YIF6EC T6F TSy SL/SL o€ snid sutwielaysa Hy/bw 70 [0€] 720 "B 32 ) USYS

eIpeaApelq YETFRET  YLSGFOIETCS L1/7C L lojodoid Bx/6wi ¢ snid SN

‘wnuiep ‘uoissaidap Aiorend |ojodoid By/6w ¢
-591 ‘easneu ‘oWl AISA0D3I || ~ | YSY Adodsopua [eunsaiulonsedb  |0€F /9€T 0C9F88°1S 61/7C % sn|d aulwielaysa Hy/bw G0 [67] 2720T 1219 1S UaYD

(s/BW ¥ ~ )

€TFILL LTLF Loy €L/ce s¢ lojodoud qui/Bbui o1 snid SN

sIowan (s/bw

3|2snw ‘elloydsAp ‘elpledAyoel _ _ ~ 7) |ojodoid Jw/bwi 01

‘e|piedApelq ‘UoisualadAy ‘uols LTFIUC SLLFSEY €lL/ee Ge sn|d aujweiayse 64/6w 50

-ua10dAy ‘uoneinies usbAxo (s/bw

MO] ‘easneu ‘uted uopdaful ~ 7) |ojodoud qu/bwi 0|
‘awiy A19n031 '950p [0jodoid || ~ | YSY Adodsonseb 9CFCIC ILLFGSY vl/1T s¢ snjd auieIaysa By/bu €0 8] zzoz e DN

|ojodoid B3/6w g°|

N LEFT8e L1/L 43 snid jluelusyiwai 6/6M o

|ojodoid B3/6w g°|

VN NG EVAY SL/6l 9 sn|d sujweisyss 63/6w 50

uol3eINIeS USDAXO MO| |ojodoid B/6w §'|
‘easneu ‘uoissaldap Alojesdsas || ~ | YSY Adoosopus [eunsaiulonseb VN /TF96E 91/81 € sn|d sutwielaysa HBy/bw 70 [£21 0Z0T '|e 32 HAYS

|ojodoid By

VN 0¢ /bw 7 snid |Auelusy B/6n 10

|ojodouid bBy/6w ¢
SWI AI9AOD3I || ~ | VSY dD¥3 0e>INg>61 59-0% WN 0€ snjd aulweIsa 6/6w €0 [92] 120 '|e 32 A Buey

|ojodoid

Y6TFSIST v 6F 9697 85/95 pLL  By/bw g snid jAueiusy Bx/6n |

|ojodoid bBy/6w ¢
awn A1enodal || ~ | YSY Adodsoszus (SEFSVC 0c6F LELY G5/65 vl snid auiweiayse B/6w 60 [SZlzeoz e dn
SsawodIN0 vSY adfyuoneujwexs (,wby) NG (syuow)dby (4/W) X3S dzIs d|dwes UOIUBAIRIU| aiApms

[e11} P3]|011UOD-PZIWIOPURI PIPN|DUL JO SDIISLRIRIRYD | djgeL



Page 5 of 16

(2023) 23:204

Lian et al. BMC Anesthesiology

|ojodoud

ssauizzp SLFSEC LF95 €L/LT or  By/bw | snidaupozip jo bui g

‘edsneu ‘uoissaidap Alolelidsal jojodoid B3 / b |
‘awiy A19A031 ‘Bsop [ojodoid -1 VSV dDdd CLFOEC £LF9G ClL/8¢ (04 snjd suiwesyss By / bw 0 [£€] Tz0T e 38 X1 Busz

|ojodouid B3/6w 90

SSOUIZZIP ‘aYdepeay ‘SIowai dpd 69CFS0€C 168 F 000 8/8 9l snid auiweldy H6y/6w |

-SNW ‘e|piedAYyoe] ‘uoisusadAy |ojodoid B3/6w 90
‘winuiap ‘easneu ‘aull} A19A0d31 -1 VSV Adodsonseb 96| FE9'1T 61'9F007E 8/3 9l sn|d aulwielaysa Hy/6w G0 [61]16107 819 [ Buepy

|ojodoid B/6w §°|

I'€EF 59l CTF66 LL/et €z snid aulwelayss Hy/bu |

|ojodoud By/6w §'|

. 0eF8l SEFLOL Lzt €C sn|d suiwelsyss By/6w 50

-1ZzIp 'aydepeay UoIsua10dAy _ _ lojodoud B/6wi 5

‘Winujap ‘easneu ‘uoissaidap 6TF9LL 61F86 9l/L €z snid aujwelsysa By/bw S70

Aioreuidsal ‘ured ‘uondaful |ojodoid B3/6w 0
‘s A1an0da1 ‘9sop |ojodoid | VSY Adoosopua [eunsaiulonseb 67F691 9CF68 80/51 €z sn|d surtwelsyss By/buw [9€] z20T "|e 19 SX busyz

aUILIRISNSS BY

/bw | sn|d a1euoynsauszuaq

VN SY¥29/9 Sl/LE o wejozewjwiai B3/6wW 0

pIPJEDAPRIC ‘UOISUSLISdAY 'UoIS lojodoud

wCWuOQ\AL ‘COEN\:\ZNM UabAxo MO| VN ﬁMR [e2 Nﬂ €9 SE/8Y €8 mJ_Q QulWe}eXSa DX\@l 0S
‘awi A12n021 '8s0p [ojodoid ||| ~ | YSY doy3 YN [0£0¥ev]8S or/6€ 6/ |ojodoid snid jiuelusjje Bx/6r | [G€] 00T (e 394907 Suuesng

|ojodoud

(SYoeve (88591569 6L/LL 0¢ snd auiweiss Bx/6w 60

|ojodoud

(€L08¢ee [68'59] 0/ 0¢/01L 0¢ snjd auiweaysa Hy/6w 570
W AIBA0DRI || ~ | VSY Adodsopus eunsajuionsedb  (S7°7) ThC [88'59] 04 0z/01 0¢ |ojodoud snid SN [v€] 720 ‘e 32 H buek

elioydsAp ‘elpiedAydel

‘pIpJedApEIq ‘UOISUSRAAY UOIS _ [ojodoid

-U210dAY ‘uoneinies uabAxo VN TTF68E ST/91 Ly snjd auipozap Bx/6w 500

MO] ‘easneu ‘uted U0 |ojodoid
‘s A19A0231 ‘9sop ojodoid | ~ | VSY Adodsopus [eunsajuionsed N STFE 9z/91 [47 snid aujweiayss 6%/6w €0 [07] 220T 1B 32 4ANX

) . wiejozewiwal by/6w 0

Jousai), 'elloydsAp ‘eipies €TF6EC  gYLFL09 N i snid auiwelaxsa B/6uw |

-Apeiq ‘uoisua1odAy ‘uoneinies

UabAX0 moJ ‘easneu ‘uolssaidap jojodouid By/6w | snid
A1o1endsal ‘swin A13r0231 || ~ | VSV dDd3 €TF6eC 9GLF919 L/0€ [4% suipiwolepawxad 63/6m 60 [€€] 120z 1219 ax buem
sawodIN0 VSY adfAyuoneuiwexs (,wby) NG (syuow) 36y (4/W) X3S dzis d|dwes UOIUSAIRIU| aiApms

(panunuod) L ajqey



Page 6 of 16

(2023) 23:204

Lian et al. BMC Anesthesiology

ssauIzzip
‘32UBGINISIP [eNSIA ‘Uoisual0dAy
‘easneu ‘uoissaidap Alolelidsal
‘awl} A1anodai ‘asop |ojodoud

SSaulzzIp ‘aoueq

-IN3SIP [BNSIA UoISuaadAY ‘uols
-U210dAY ‘ejuuaxodAH ‘easneu
‘swi A19noda1 ‘asop |ojodoud

SSaUIZZIP ‘UoIS

-uauadAy ‘uoisusrodAy ‘elws
-x0dAH ‘asuodsal d1ueukp Apog
‘wnuiap ‘easneu ‘uoissaldap
AKioresidsal ‘ured uonoaful

‘s A1an0da1 ‘9sop |ojodoid

II-1 VSV

-l VSV

Adodsopusa [eulisaiulolised

Adodsousponp-oliseb

grFeee

L'1F8CC

0C+8tC
ceFlee

SLEFLE8L

COEFOrLL

0S5 eE+€l8l
08C+0lLL

0€L'TF66'1T

0LLTF90°€C

Y99TF L TL

-1 VSY  (1D)Adodsopus jeunsaiuionsed 66/ 7F /97

€6F£09

69F6€S

L8F VS
G9+97¢s

99 L *5t'6

S6'LF€6'8

[8LFT66
90CFLY'6

€ECOLF8EYY

6C6F 685

8YLOLF LLTY
LEOOL F¥67Y

vL/LL

oL/st

eL/et
LI/l

ol/¥l

LL/EL

LL/€L
€L/l

GE/0E

€e/ce

LT/8€
£7/8¢

SC

SC
SC

0¢

0¢

0¢
o€

99

59

|ojodoid By/6w G|
sn|d aujwielaysa HY/bw 50

|ojodouid by/6w ¢
snid sulwielayss By/Bbw S0

|ojodoid bB3/6w 57
sn|d aujwielaysa Byy/Bw G110

|ojodoid By/6w ¢ snid SN

|ojodoid By/6w €
sn|d sutwielaysa HBy/bw /0

|ojodouid By/6w ¢
sn|d sutwielaysa HY/bw G0

|ojodouid By/6w €

snid sujwelayss by/bw €0
|ojodoid B3/6w ¢ snid SN
|ojodoid By/6w §°|

snid sautwielaysa Hy/bw 70

|ojodoid bBy/6w §°|
sn|d sulwelsysa 6% /buwl |0

|ojodoid By/6w S| BY/6w G|
snid aulwielaysa Hy/bw 500

|ojodoud By/6w g snid SN

[0¥] 220Z 12 1 WIA Bus4

[6€] 220z |2 32 X[ Buep

[8€] CC0T e 19 LA URYyZ

sowodlnQ

Vsvy

2d£} uopeujwexa

(;wrb¥) Ing

(syauow) 3By  (4/IN) XoS 9z1s djdwies

UOIJUBAIDIU|

ai Apnis

(PanupUOd) | 3jqey



Lian et al. BMC Anesthesiology (2023) 23:204

computer distribution in the center. For incomplete out-
come data, 77.77% of studies (14/18) reported complete
outcomes. In terms of selective reporting, 72.22% of stud-
ies (13/18) reported no selective reporting with checking
protocols. Blinding of outcome assessment and other
biases were vague in the majority of trials (Fig. 2).

Publication bias

We evaluated the publication bias through visual inspec-
tion of the funnel plots. No obvious publication bias was
found (Supplementary Figure S6).

Outcomes

Recovery time

Fifteen studies including a total of 1654 patients provided
data on recovery time [18-20, 25, 26, 28-30, 32, 34—39].
Nine studies included 1009 patients in the esketamine
group vs. NS group [28-30, 32, 34, 35, 37-39], five stud-
ies included 613 patients in the esketamine group vs. opi-
oids group [18, 20, 25, 26, 36], and one study included 32
patients in the esketamine group vs. ketamine group [19].

Compared to the NS group, the coadministration
of esketamine as an adjunct to propofol reduced the
recovery time of patients undergoing gastrointestinal
endoscopy [MD=-0.96, 95% CI (-1.75, -0.16), I>=69%,
P=0.02]; However, there was no significant difference
between the esketamine group and opioids group or ket-
amine group [MD=-1.11, 95% CI (-2.80, 0.60), I*>=88%,
P=0.20] [MD=-4.66, 95%CI (-9.67, 0.35), P=0.07]
(Fig. 3). This demonstrated that the coadministration of
propofol and esketamine might have a shorter recovery
time, which might provide safer and more comfortable
sedation in patients during gastroscopy.

We conducted a sensitivity analysis of the primary out-
comes by eliminating one included study each time. As a
result, removing the study by Li P et al. [25] did change
the results (P=0.02, I>=74%) (Supplementary Figure S4).
It was assumed that it originated from the inconsistency
in sedation details and different time and sample sources,
and no details of these indices were available.

Propofol dosage

Seven studies including 820 patients were on propofol
[20, 28, 35—-39]. Five studies included 657 patients in the
esketamine group vs. the NS group [28, 35, 37-39],and
two studies included 163 patients in the esketamine
group vs. opioid group [20, 36].

The results suggested that coadministration of esketa-
mine as an adjunct to propofol required a lower propo-
fol dosage during gastrointestinal endoscopy compared
to the NS group and opioid group [MD=-1.68, 95% CI
(-1.95, -1.42), 1*=85%, P<0.001)] [MD=-0.79, 95% CI
(-0.90, -0.68), I*=17%, P<0.001] (Fig. 4).
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Experimental Control

Study or Subgroup Mean SD_Total Mean SD_Total Weight
1.1.1 esketamine vs NS

Chen SL et al. 2022 539 1.68 41 7.01 233 41 15.1%
Feng MM et al. 2022 9.16 3.76 75 109 2.6 25 12.2%
Li CL et al. 2022 12.7 5.04 70 10.9 4.1 35 9.5%
Shen K et al. 2020 1.9 1.5 30 3 1.9 30 15.2%
Wan X et al. 2022 13 31 50 14 2.2 50 14.0%
Wang JX et al. 2022 32.88 15.99 90 28.7 15.66 30 1.4%
Yang H et al. 2022 825 248 60 10.49 22 30 14.3%
Zhan YT et al. 2022 14.47 4.03 195 14.26 3.989 65 13.5%
Zheng XS et al. 2022 154 7.67 69 18.1 6.3 23 4.7%
Subtotal (95% Cl) 680 329 100.0%

Heterogeneity: Tau? = 0.88; Chi? = 25.91, df = 8 (P = 0.001); I* = 69%
Test for overall effect: Z =2.37 (P = 0.02)

1.1.2 esketamine vs opioids

Kang Y et al. 2021 8.3 25 30 10.5 29 30 22.8%
Li P et al. 2022 9 039 114 12 039 114 26.6%
Susanne Eberl 2022 68.08 3.43 83 67.43 6.94 79 21.1%
Xu YF et al. 2022 8.8 3.2 42 9.2 3.5 41 22.4%
Zeng LY et al. 2022 50 12 40 48 13 40 71%
Subtotal (95% Cl) 309 304 100.0%

Heterogeneity: Tau? = 2.86; Chi? = 34.32, df = 4 (P < 0.00001); I> = 88%
Test for overall effect: Z = 1.27 (P = 0.20)

Fig. 3 Meta-analysis of the recovery time (min)

Experimental Control

1.2.1 esketamine vs NS

Feng MM et al. 2022 2.35 0.94 60 4.42 0.78 20 16.0%
Li CL et al. 2022 1.6 0.31 70 29 05 35 23.9%
Wang JX et al. 2022 419 04 90 5.65 0.66 30 21.6%
Zhan YT et al. 2022 10.09 041 195 11.78 0.21 65 26.4%
Zheng XS et al. 2022 1.97 1.62 69 4.3 1 23 12.0%
Subtotal (95% CI) 484 173 100.0%

Heterogeneity: Tau? = 0.07; Chi? = 27.12, df =4 (P < 0.0001); I> = 85%
Test for overall effect: Z = 12.66 (P < 0.00001)

1.2.2 esketamine vs opioids

Xu YF et al. 2022 1.44 0.67 42 212 0.37 41 19.9%
Zeng LY et al. 2022 1.43 0.19 40 225 0.23 40 80.1%
Subtotal (95% CI) 82 81 100.0%

Heterogeneity: Tau? = 0.00; Chi?=1.21,df =1 (P =0.27); 2= 17%
Test for overall effect: Z = 14.17 (P < 0.00001)

Test for subgroup differences: Chi? = 38.24, df = 1 (P < 0.00001), I? =97.4%
Fig. 4 Meta-analysis of the propofol dose (mg/kg)

On the other hand, the unit of propofol dosage in
these studies [30, 32] was mg (not mg/kg), and the
data of these studies cannot be statistically combined
into a meta-analysis, which only be described in detail.
Shen K et al. [30] and Wan X et al. [32] observed that
the esketamine group also significantly reduced the
propofol dosage by 171.0+29.2 mg vs.216.6 +47.8 mg,
and 71.3+5.9 mg vs. 111.8 +25.7 mg compared to NS,

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl
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Mean Difference

IV, Random. 95% CI

Mean Difference
IV, Random, 95% Cl

-1.62 [-2.50, -0.74]
-1.74 [-3.07, -0.41]
1.80 [0.00, 3.60]
-1.10 [-1.97, -0.23]
-1.00 [-2.05, 0.05]
4.18[-2.33, 10.69]
2.24 [-3.25, -1.23]
0.21[-0.91, 1.33]
-2.70 [-5.85, 0.45]
-0.96 [-1.75, -0.16]

—
—_—

{1

-2.20 [-3.57, -0.83]
-3.00 [-3.10, -2.90]
0.65 [-1.05, 2.35]
-0.40 [-1.84, 1.04]
2.00 [-3.48, 7.48]
-1.11 [-2.82, 0.60]

’h.*

-10 -5 0 5 10
Favours [experimental] Favours [control]

Mean Difference
IV, Random, 95% CI

2.07 [-2.49, -1.65]
-1.30 [-1.48, -1.12]
146 [-1.71,-1.21]
-1.69 [-1.77, -1.61] =
2.33[-2.89, -1.77]
-1.68 [-1.95, -1.42]

-0.68 [-0.91, -0.45]
-0.82[-0.91, -0.73]
-0.79 [-0.90, -0.68]

[
¢

-2 -1 0 1 2
Favours [experimental] Favours [control]

which was also consistent with the meta-analysis of the
propofol dosage above (mg/kg).

Adverse events

Fifteen studies including 1726 patients reported adverse
events [18-20, 25-32, 35-39]. Eight studies included
919 patients in the esketamine group vs. NS group
[28-32, 35, 37-39], six studies included 775 patients in
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theesketamine group vs. opioid group [18, 25-27, 31,
36], and one study included 32 patients in the esketamine
group vs. ketamine group [19]. Moreover, the subgroup
results of the RR and 95% CI of all complications for
esketamine group during gastrointestinal endoscopy in
patients were shown in Table 2.

The results suggested that coadministration of esketa-
mine as an adjunct to propofol had fewer complica-
tions in patients compared to the NS group and opioid
group [RR=0.65, 95% CI (0.47,0.91), *=83%, P=0.01]
[RR=0.51, 95% CI (0.35, 0.74), I*=60%, P<0.05] (Fig. 5),
but there were no significant differences between the
esketamine group and ketamine group [RR=0.86, 95%
CI (0.61,1.20), P=0.37]. Sensitivity analysis for each
comparison revealed no robust changes in significance
(Supplementary Figure S5).Moreover, subgroup analysis
of studies in which esketamine was coadmnistered was
shown as follows.

Compared to NS group, the coadministration of
esketamine resulted in the reduction in injection pain
[RR=0.20, 95% CI (0.08, 0.49), 1>=48%, P=0.0004],
body movement [RR=0.76, 95% CI (0.65, 0.90), I*=44%,
P=0.001], hypotension [RR=0.31, 95% CI (0.22,0.43),
>=69%, P<0.00001], respiratory depression [RR=0.33,
95% CI (0.19,0.58), I*=19%, P=0.0001], but had no
remarkable effect on nausea or vomiting [RR=0.78,
95% CI (0.30,2.04), I’=1%, P=0.61], bradycardia
[RR=0.71, 95% CI (0.14,3.56), I*=0%, P=0.68], delirium
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[RR=3.29, 95% CI (0.61,17.83), I*=61%, P=0.17], diz-
ziness [RR=1.38, 95% CI (0.94,2.02), I>*=0%, P=0.10],
hypoxemia [RR=1.05, 95% CI (0.68,1.62), I>=47%,
P=0.84]. Notably, the coadministration of esketamine
was associated with a higher risk of visual disturbance
[RR=5.84,95% CI (1.88, 18.20), I*=0%, P=0.002] com-
pared to the NS group (Fig. 6). Compared to opioid
group, the administration of esketamine had a fewer risk
of hypotension [RD=-0.14, 95% CI(-0.21,-0.06), I*=0%,
P=0.0002], respiratory depression [RD=-0.15, 95% CI
(-0.29,-0.00), I>*=86%, P<0.001], but had no remarkable
effect on body movement [RD=0.11, 95% CI (0.21, -0.00),
I>=0%, P=0.05], nausea or vomiting [RD =-0.18, 95% CI
(-0.41,0.04), 1*=90%, P=0.11], hypoxemia [RD =-0.00,
95% CI (-0.06,0.06), ?’=0%, P=0.94], hypertension
[RD=-0.04, 95% CI (-0.13,0.05), P=0.42], bradycardia
[RD=-0.01, 95% CI (-0.10,0.08), I>=64%, P=0.85], tach-
ycardia [RD=10.03, 95% CI (-0.04,0.10), P=0.40] (Fig. 7).

Esketamine dosage subgroup analysis results
In addition, we used subgroup analysis to investigate the
differential effects of the esketamine dose 0.1-0.15 mg/
kg, 0.2-0.3 mg/kg, 0.4—0.5 mg/kg and 0.7-1 mg/kg) on
the outcome assessment. The results of the meta-analysis
are summarized in Table 3.

For recovery time, the coadministration of esketa-
mine resulted in a reduction in recovery time in the
0.2-0.3 mg/kg esketamine groups [MD=-1.03, 95%

Table 2 RR and 95% ClI of complications during gastrointestinal endoscopy

Subgroup Control Number of Results of heterogeneity test Meta analysis results
Complications studies
Pvalue 12 MD (95% Cl) Pvalue
(A) injection pain NS group 4 0.12 48% 0.20(0.08,0.49) 0.0004
(B) body movement NS group 4 0.15 44% 0.76(0.65,0.90) 0.001
opioids group 2 0.64 0% -0.11(0.21,-0.00) 0.05
(C) hypotension NS group 6 0.006 69% 0.31(0.22,043) 0.003
opioids group 3 047 0% -0.14(-0.21,-0.06) 0.0002
(D) respiratory depression NS group 6 0.29 19% 0.33(0.19,0.58) 0.0001
opioids group 4 <0.001 86% -0.15(-0.29,-0.00) 0.05
(E)nausea or vomiting NS group 5 0.40 1% 0.78(0.30,2.04) 061
opioids group 4 <0.001 90% -0.18(-0.41,0.04) 0.11
(F)Hypoxemia NS group 3 1.05 47% 1.05(0.68,1.62) 0.84
opioids group 2 033 0% -0.00(-0.06,0.06) 0.94
(G) hypertension opioids group 3 0.07 62% -0.04(-0.13,0.05) 042
(H)bradycardia NS group 3 0.54 0% 0.71(0.14,3.66) 0.68
opioids group 3 0.06 64% -0.01(-0.10,0.08) 0.85
(Dtachycardia opioids group 2 0.50 0% 0.03(-0.04,0.10) 040
(J)delirium NS group 2 011 61% 3.29(0.61,17.83) 0.17
(K)dizziness NS group 6 0.99 0% 1.38(0.94,2.02) 0.10
(L) Visual disturbance NS group 3 0.56 0% 5.84(1.88,18.20) 0.002
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Experimental Control Risk Ratio Risk Ratio
r r Even Total Events Total Weight M-H. Random, 95% CI M-H. Random, 95% CI
3.1.1 esketamine vs NS
Chen SL et al. 2022 4 41 2 41 3.3% 2.00[0.39, 10.32]
Feng MM et al. 2022 33 75 21 25 15.0% 0.52[0.39, 0.71] -
Li CL et al. 2022 22 70 17 35 12.6% 0.65[0.40, 1.05] -
Shen K et al. 2020 9 30 20 30 11.0% 0.45[0.25, 0.82] -
Wan X et al. 2022 12 50 42 50 12.2% 0.29[0.17, 0.47] -
Wang JX et al. 2022 72 90 23 30 16.0% 1.04 [0.84, 1.30] T
Zhan YT et al. 2022 108 195 35 65 15.6% 1.03[0.79, 1.33] T
Zheng XS et al. 2022 32 69 17 23 14.4% 0.63 [0.44, 0.89] -
Subtotal (95% CI) 620 299 100.0% 0.65 [0.47, 0.91] &
Total events 292 177
Heterogeneity: Tau? = 0.17; Chi? = 40.21, df =7 (P < 0.00001); I* = 83%
Test for overall effect: Z=2.52 (P = 0.01)
3.1.2 esketamine vs opioids
Li P et al. 2022 5 114 16 114 9.5% 0.31[0.12, 0.82] -
Shi YH et al. 2020 24 68 18 34 20.1% 0.67 [0.42, 1.05] 7
Song ZQ et al. 2021 8 40 45 80 15.2% 0.36 [0.19, 0.68] -
Susanne Eberl 2022 30 83 36 79 22.3% 0.79[0.55, 1.15] -
Xu YF et al. 2022 11 42 16 41 15.5% 0.67 [0.36, 1.27] -
Zeng LY et al. 2022 10 40 33 40 17.4% 0.30[0.17, 0.53] -
Subtotal (95% CI) 387 388 100.0% 0.51[0.35, 0.74] -
Total events 88 164
Heterogeneity: Tau? = 0.12; Chi? = 12.59, df =5 (P = 0.03); I = 60%
Test for overall effect: Z = 3.60 (P = 0.0003)
0.05 0.2 1 5 20

Test for subgroup differences: Chi> = 0.95, df = 1 (P = 0.33), I>=0%
Fig. 5 The overall number of complications of esketamine

CI (-1.98,-0.08), I*’=67%, P=0.03][MD=0.24, 95% CI
(-1.87,2.35), I?=68%, P=0.008]. However, subgroup
analysis showed that the recovery time was not sig-
nificantly different in the 0.1-0.15 mg/kg, 0.4-0.5 mg/
kg, and 0.7-1 mg/kg esketamine groups [MD=-1.76,
95% CI (-5.13,1.62), 12=92%, P=0.31][MD=0.24,
95%CI (-1.87,2.35), 1>=88%, P=0.82][MD=-0.93, 95%
CI (-4.15,2.29), ’=90%, P=0.57][MD=-4.66, 95% CI
(-9.67,0.35), P=0.07)][MD =-0.12, 95% CI (-12.67,12.42),
12=86%, P=0.98]. For propofol dosage, there was a sig-
nificant difference between the control group and esketa-
mine group (0.1-0.15 mg/kg, 0.2—0.3 mg/kg, 0.4—0.5 mg/
kg and 0.7-1 mg/kg) regardless of the dosage (Table 3).
For adverse events, the administration of esketamine had
a lower risk of complications at 0.2-0.3 mg/kg and 0.4—
0.5 mg/kg esketamine compared to the control [RR=0.58,
95% CI (0.39, 0.85), I*=83%, P=0.006][RR =0.49, 95% CI
(-0.34,0.72), I*=0%, P=0.0002][RR=0.75, 95% CI (0.60,
0.94), 1*=8%,P=0.01][RR=0.67, 95% CI (0.56, 0.81),
I2=86%,P<0.001], while there was no significant differ-
ence if supplementation was from 0.1-0.15 mg/kg eskat-
mine [RR=0.74, 95% CI (0.33, 1.66), 12=87%,P=0.47].
Notably, the coadministration of 0.7-1 mg/kg esketa-
mine was associated with a higher risk of complications

Favours [experimental] Favours [control]

[RR=1.32,95% CI (1.12, 1.54), I>*=0%, P=0.0007] com-
pared to the NS group (Table 3, Figure S1, S2, S3).

Discussion
In the present meta-analysis of randomized controlled
trials of patients undergoing gastrointestinal endoscopy,
esketamine as an adjunct to propofol resulted in a reduc-
tion in propofol dosage, recovery time and adverse events
compared to the NS group. Furthermore, subgroup anal-
ysis showed that 0.2-0.5 mg/kg esketamine was effective
and tolerable for patients, which indicated that esketa-
mine is an appropriate effective alternative for sedation
with propofol in participants undergoing gastrointestinal
endoscopy. However, considering the possibility of visual
disturbances, esketamine should be used with caution.
Sedation strategies for gastrointestinal endoscopy have
developed rapidly in recent years. Propofol is widely used
for intravenous anesthesia, and has the characteristics
of depressant effects on the laryngeal reflexes, as well
as faster awakening, but it can lead to marked depres-
sion of respiratory and angiocarpy parameters [40—43].
Therefore, minimizing these risks is an primary goal to
make anesthesia sedation procedures safer. A possible
approach was to reduce the propofol dosage using a com-
bination with other substances.
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Experimental

1.6.1 Injection pain

LiCL etal. 2022 1
Wan X et al. 2022 0
Zhan YT etal. 2022 10
Zheng XS et al. 2022 1
Subtotal (95% ClI)

Total events 12

70
50
195
69
384

Control
35
15 50
3 35
0 23
143
21

Heterogeneity: Chi = 5.79, df = 3 (P = 0.12); I? = 48%

Test for overall effect: Z = 3.53 (P = 0.0004)

1.6.2 Respiratory depression
Chen SL et al. 2022

Feng MM et al. 2022

Gong XY et al. 2022

Shen K et al. 2020

Wan X et al. 2022

Zheng XS et al. 2022
Subtotal (95% CI)

Total events

wanvweN

69
315

19
Heterogeneity: Chiz = 6.18, df = 5 (P = 0.29); I = 19%

Test for overall effect: Z = 3.83 (P = 0.0001)

1.6.3 Nausea

Chen SL et al. 2022
Feng MM et al. 2022
Li CL et al. 2022
Wang JX et al. 2022
Zheng XS et al. 2022
Subtotal (95% CI)
Total events 10

I SN

69
345

1 41
2 25
1 35
1 30
1 23

154
6

Heterogeneity: Chi = 4.03, df = 4 (P = 0.40); ! = 1%
Test for overall effect: Z = 0.51 (P = 0.61)

1.6.4 Delirium

Chen SL et al. 2022 0
Zheng XS et al. 2022 13
Subtotal (95% CI)

Total events 13

41
69
110

1 41
0 23
64

1
Heterogeneity: Chi? = 2.53, df = 1 (P = 0.11); 12 = 61%
Test for overall effect: Z = 1.38 (P = 0.17)

1.6.5 Body dynamic response

Gong XY etal. 2022 5
Shen K et al. 2020 7
Wan X et al. 2022 6
Zhan YT et al. 2022 136
Subtotal (95% Cl)

Total events 154

50
30
50
195
325

4 50
13 30
15 50
54 65

195
86

Heterogeneity: Chi? = 5.32, df = 3 (P = 0.15); I = 4%

Test for overall effect: Z = 3.24 (P = 0.001)

1.6.6 Hypotension

Feng MM et al. 2022 2
Li CL etal. 2022 2
Shen K et al. 2020 2
Wang JX et al. 2022 9
Zhan YT et al. 2022 15
Zheng XS et al. 2022 23
Subtotal (95% CI)

Total events 53

90
195
69
529

13 25
5 35
9 30
7 30

1" 35

11 23

178

56

Heterogeneity: Chi = 16.29, df = 5 (P = 0.006); I = 69%
Test for overall effect: Z = 6.77 (P < 0.00001)

1.6.7 Bradycardia

Chen SL et al. 2022 1
Li CL et al. 2022 0
Shen K et al. 2020 0
Subtotal (95% Cl)

Total events 1

30
106

0 41
1 35
1 30

106

2
Heterogeneity: Chi* = 1.23, df = 2 (P = 0.54); I* = 0%

Test for overall effect: Z = 0.41 (P = 0.68)

1.6.8 Dizziness

Feng MM et al. 2022 7 75 125
Gong XY et al. 2022 7 50 5 50
Wan X et al. 2022 5 50 4 50
Wang JX et al. 2022 47 % 8 23
Zhan YT etal. 2022 2 195 7 65
Zheng XS et al. 2022 10 69 3 23
Subtotal (95% CI) 529 236
Total events 102 28
Heterogeneity: Chi? = 0.55, df = 5 (P = 0.99); I = 0%
Test for overall effect: Z = 1.63 (P = 0.10)

1.6.9 Visual disturbance

Feng MM et al. 2022 15 75 0 21
Wang JX et al. 2022 19 % 2 30
Zheng XS et al. 2022 19 69 0o 23
Subtotal (95% CI) 234 74
Total events 53 2
Heterogeneity: Chi? = 1.17, df = 2 (P = 0.56); I = 0%
Test for overall effect: Z = 3.05 (P = 0.002)

1.6.10 Hypoxemia

Li CL et al. 2022 2 70 4 3
Wang JX et al. 2022 10 90 4 30
Zhan YT etal. 2022 55 195 14 65
Subtotal (95% CI) 355 130
Total events 67 22

Heterogeneity: Chi = 3.80, df = 2 (P = 0.15); 2= 47%

Test for overall effect: Z = 0.20 (P = 0.84)

Total (95% CI)
Total events 484

Heterogeneity: Chi? = 92.45, df = 41 (P < 0.00001); I = 56%

3232

0.1%
2.1%
4.9%
1.7%
2.3%
0.9%
12.0%

0.3%
0.9%
0.4%
0.4%
0.4%
2.4%

0.4%
0.2%
0.6%

5.6%
1.9%
2.6%
3.0%
5.3%
4.7%
231%

0.1%
0.4%
0.4%
1.0%

0.4%
1.4%
1.1%
3.6%
3.0%
1.3%
10.9%

0.2%
0.9%
0.2%
1.3%

1.5%
17%
6.0%
9.2%

1499 100.0%

262

Test for overall effect: Z = 4.50 (P < 0.00001)
Test for subgroup differences: Chi = 69.34, df = 9 (P < 0.00001), I = 87.0%

Fig. 6 Forest plots of the complications between the esketamine group and the NS group
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Experimental Control Risk Difference Risk Difference
Study or Subgroup _ Events Total Events Total Weight M-H 95% Cl M-H 95% Cl
3.2.1 respiratory depression
Shi YH et al. 2020 1 68 2 34 44% -0.04 [-0.13, 0.04] T
Song ZQ et al. 2021 1 40 5 80 4.7% -0.04 [-0.11, 0.03] -
Yi XN et al. 2022 1 46 10 46 3.5% -0.20 [-0.32, -0.07] -
Zeng LY et al. 2022 5 40 20 40 24% -0.38 [-0.56, -0.19]
Subtotal (95% CI) 194 200 14.9% -0.15 [-0.29, -0.00] -
Total events 8 37
Heterogeneity: Tau? = 0.02; Chi? = 22.00, df = 3 (P < 0.0001); I = 86%
Test for overall effect: Z = 1.99 (P = 0.05)
3.2.2 nausea or vomiting
Shi YH et al. 2020 7 68 5 34 3.2% -0.04 [-0.18, 0.10] /1
Xu YF et al. 2022 2 42 2 4 42% -0.00 [-0.09, 0.09] 1T
Yi XN et al. 2022 4 46 10 46 31% -0.13[-0.27, 0.01] -/
Zeng LY et al. 2022 3 40 14 20 2.0% -0.63 [-0.84, -0.41] -
Subtotal (95% CI) 196 141 12.5% -0.18 [-0.41, 0.04] el
Total events 16 31
Heterogeneity: Tau? = 0.05; Chi? = 31.30, df = 3 (P < 0.00001); I = 90%
Test for overall effect: Z=1.60 (P = 0.11)
3.2.3 body movement
Shi YH et al. 2020 13 68 9 34 26% -0.07 [-0.25, 0.10] -1
Song ZQ et al. 2021 4 40 18 80 3.4% -0.13[-0.26, 0.01] -/
Subtotal (95% Cl) 108 114 5.9% -0.11 [-0.21, -0.00] ‘
Total events 17 27
Heterogeneity: Tau? = 0.00; Chi? = 0.22, df = 1 (P = 0.64); I = 0%
Test for overall effect: Z = 2.00 (P = 0.05)
3.2.4 lowoxygen saturation
Shi YH et al. 2020 3 68 3 34 3.9% -0.04 [-0.15, 0.06] -
Susanne Eberl 2022 11 83 8 79 4.1% 0.03[-0.07, 0.13] T
Xu YF et al. 2022 1 42 2 41 4.5% -0.02[-0.11, 0.06] -
Yi XN et al. 2022 4 46 13 46 29% -0.20 [-0.35, -0.04] I
Subtotal (95% CI) 239 200 15.3% -0.04 [-0.12, 0.03] <+
Total events 19 26
Heterogeneity: Tau? = 0.00; Chi? = 6.21, df = 3 (P = 0.10); I = 52%
Test for overall effect: Z=1.10 (P = 0.27)
3.2.5 hypotension
Song ZQ et al. 2021 3 40 22 80 3.4% -0.20 [-0.33, -0.07] -
Susanne Eberl 2022 10 83 17 79 37% -0.09 [-0.21, 0.02] /]
Xu YF etal. 2022 2 42 7 41 3.3% -0.12[-0.26, 0.01] N
Subtotal (95% CI) 165 200 10.5% -0.14 [-0.21, -0.06] L 4
Total events 15 46
Heterogeneity: Tau? = 0.00; Chi? = 1.51, df =2 (P = 0.47); I?= 0%
Test for overall effect: Z = 3.73 (P = 0.0002)
3.2.6 hypertension
Susanne Eberl 2022 17 83 17 79 35% -0.01[-0.14,0.12] -1
Xu YF etal. 2022 0 42 0 41 5.2% 0.00 [-0.05, 0.05] T
Yi XN et al. 2022 2 46 8 46 3.5% -0.13[-0.25, -0.01] Y
Subtotal (95% CI) 171 166 12.1% -0.04 [-0.13, 0.05] 0
Total events 19 25
Heterogeneity: Tau? = 0.00; Chi? = 5.24, df = 2 (P = 0.07); I = 62%
Test for overall effect: Z = 0.81 (P = 0.42)
3.2.7 bradycardia
Susanne Eberl 2022 3 83 2 79 5.0% 0.01 [-0.04, 0.06] T
Xu YF et al. 2022 5 42 2 41 3.6% 0.07 [-0.05, 0.19] T
Yi XN et al. 2022 1 46 6 46 3.9% -0.11[-0.21, -0.00] -/
Subtotal (95% CI) 171 166  12.6% -0.01[-0.10, 0.08] ‘
Total events 9 10
Heterogeneity: Tau? = 0.00; Chi* = 5.62, df = 2 (P = 0.06); I* = 64%
Test for overall effect: Z=0.19 (P = 0.85)
3.2.8 tachycardia
Susanne Eberl 2022 17 83 16 79 3.5% 0.00[-0.12, 0.13] -1
Xu YF et al. 2022 3 42 1 41 4.2% 0.05[-0.04, 0.14] T
Subtotal (95% CI) 125 120 7.7% 0.03 [-0.04, 0.10]
Total events 20 17
Heterogeneity: Tau? = 0.00; Chi* = 0.46, df = 1 (P = 0.50); I*= 0%
Test for overall effect: Z = 0.84 (P = 0.40)
3.2.9 Hypoxemia
Susanne Eberl 2022 11 83 8 79 4.1% 0.03[-0.07, 0.13]
Xu YF et al. 2022 1 42 2 41 4.5% -0.02[-0.11, 0.06]
Subtotal (95% CI) 125 120 8.5% -0.00 [-0.06, 0.06]
Total events 12 10
Heterogeneity: Tau? = 0.00; Chi? = 0.96, df = 1 (P = 0.33); I?=0%
Test for overall effect: Z = 0.08 (P = 0.94)
Total (95% Cl) 1494 1427 100.0% -0.07 [-0.11, -0.03] *
Total events 135 229
Heterogeneity: Tau? = 0.01; Chi? = 95.97, df = 26 (P < 0.00001); I? = 73% [1 _0’5 5 ofs

Test for overall effect: Z = 3.56 (P = 0.0004)
Test for subgroup differences: Chi? = 17.59, df = 8 (P = 0.02), I? = 54.5%

Fig. 7 Forest plots of the complications between the esketamine group and the opioids group

Favours [experimental] Favours [control]
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Table 3 Subgroup analysis results of esketamine dosage
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Subgroup Control Number of Results of heterogeneity Meta analysis results
Outcomes studies test
Pvalue 1? MD or RR (95% Cl) Pvalue
(A) Recovery time
0.1-0.15 mg/kg esketamine NS group 2 0.0003 92% -1.76 (-5.13,1.62) 0.31
0.2-0.3 mg/kg esketamine NS group 8 0.004 67% -1.03(-1.98,-0.08) 0.03
opioids group 2 0.08 68% -1.35(-2.34,-0.35) 0.008
0.4-0.5 mg/kg esketamine NS group 6 <0.001 88% 0.24(-1.87,2.35) 0.82
opioids group 3 <0.001 90% -0.93(-4.15,2.29) 0.57
0.7-1 mg/kg esketamine NS group 2 0.008 86% -0.12(-12.67,1242) 0.98
(B) Propofol dosage
0.1-0.15 mg/kg esketamine NS group 2 0.09 66% -1.31(-1.64,-0.99) <0.001
0.2-0.3 mg/kg esketamine NS group 5 <0.001 89% -1.50(-1.85,-1.16) <0.001
opioids group 2 0.27 17% -0.79(-0.90, -0.68) <0.001
0.4-0.5 mg/kg esketamine NS group 4 0.003 78% -2.87(-3.69,-2.05) <0.001
opioids group 2 <0.001 99% -1.47(-2.75,-0.18) 0.03
0.7-1 mg/kg esketamine NS group 2 044 0% -3.21(-3.80,-2.62) <0.001
(C) Adverse events
0.1-0.15 mg/kg esketamine NS group 2 0.005 87% 0.74 (0.33,1.66) 047
0.2-0.3 mg/kg esketamine NS group 7 <0.001 83% 0.58(0.39, 0.85) 0.006
opioids group 3 0.38 0% 0.49(-0.34,0.72) 0.0002
04-0.5 mg/kg esketamine NS group 5 0.36 8% 0.75(0.60, 0.94) 0.01
opioids group 4 <0.001 86% 0.67(0.56,0.81) <0.001
0.7-1 mg/kg esketamine NS group 2 0.84 0% 1.32(1.12,1.54) 0.0007

Esketamine is a noncompetitive, N-methyl-D-aspartate
receptor antagonist. Recently, esketamine has received
wide attention for its potential implications in treatment-
resistant depression. In addition to its antidepressant
effect, esketamine could also be an effective anesthetic
and analgesic agent used for surgical anesthesia [44, 45].
It has analgesic and sympathomimetic properties and is
known to cause less cardiorespiratory depression [16, 17].
In addition, Eberl et al, [18] reported that low-dose esket-
amine reduces the total amount of propofol necessary
for sedation during ERCP while providing satisfactory
sedative effects. Furthermore, many studies report that
a combination of propofol with esketamine may result
in a better quality of sedation and analgesia, with shorter
recovery time, better satisfaction of patients and fewer
respiratory or cardiovascular side effects [46]. There-
fore, esketamine could be attractive additive propofol
instead of opioids, which may be a promising approach
that could reduce the risk of oversedation of propofol in
gastrointestinal endoscopy. Recently, Hengrui Medicine
Co, Ltd. completed the preclinical study of esketamine
and obtained the clinical research approval from SFDA
[19]. Thus,it is valuable and urgent to explore the efficacy
and safety of esketamine for sedation in gastrointestinal

endoscopy. However, no meta study has reported the
effectiveness and safety of esketamine adjunct to propofol
for sedation during endoscopic procedures in patients.

Recovery time is widely considered by anesthesiologists
and endoscopists [47]. Our meta-analysis demonstrated
that the coadministration of propofol and esketamine
might have a shorter recovery time, which might provide
safer and more comfortable sedation in patients during
gastroscopy [48].

The dosage of propofol was an important index to eval-
uate the safety of gastrointestinal endoscopy [49]. Our
meta-analysis demonstrated that there were significant
differences between the esketamine and control group,
which showed that an adequate level of sedation and
analgesia could be achieved with less propofol and fewer
cardiopulmonary adverse effects.

Furthermore, the study evaluated overall adverse
effects among groups. The results suggested that coad-
ministration of esketamine and propofol had fewer
complications in patients undergoing gastrointestinal
endoscopy. However, there was no significant difference
between esketamine and ketamine. Moreover, subgroup
analysis of studies showed that the esketamine group had
a lower risk of respiratory depression, and hypotension
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than the NS or opioid group (Table 2), which may be due
to the lower doses of propofol and esketamine counter-
acting hypotension due to its sympathomimetic prop-
erties or stimulating breathing by increasing carbon
dioxide sensitive ventilation [50, 51]. No significant dif-
ference was found in the risk of bradycardia events. In
addition, a potential problem of esketamine could be its
psychotomimetic effects, such as visual disturbances, and
dizziness, which could compromise patient satisfaction.
Our meta-analysis also demonstrated that the coadmin-
istration of esketamine was associated with a higher risk
of visual disturbance compared to the NS group (Fig. 7).
However, no significant difference was found in the risk
of dizziness events (Table 2), which was probably related
to propofol used in clinically relevant dosages suppress-
ing these effects via the activation of GABA receptors
[52]. In addition, this is also possible due to only a few
studies with limited significance investigating the even-
tual psychotomimetic effects, such as visual distur-
bances, and dizziness, that could compromise patient
satisfaction.

Furthermore, it is important to note that subgroup
analysis is supportive of the main research question. Sub-
group analysis for various dosages of esketamine (0.1-
0.15 mg/kg, 0.2-0.3 mg/kg, 0.4—0.5 mg/kg and 0.7-1 mg/
kg) is needed. For recovery time, there was a significant
difference between the 0.2-0.3 mg/kg esketamine groups
and the control group. For propofol dosage, significant
differences were also observed on 0.1-0.15 mg/kg, 0.2—
0.3 mg/kg, 0.4-0.5 mg/kg and 0.7-1 mg/kg esketamine.
However, for adverse events, we found that 0.7-1 mg/
kg esketamine supplementation was associated with a
higher risk of complications among groups, while there
was a lower risk of complications compared to the con-
trol if supplementation was from 0.2-0.3 mg/kgor
0.4-0.5 mg/kg esketamine. Although higher doses of
esketamine have the advantage of reducing propofol con-
sumption, they do not reduce recovery time or adverse
reactions (Table 3, Figure S1, S2, S3). Through analysis of
the included studies and comprehensive consideration of
effectiveness and safety, we deduced that a dose of 0.2—
0.5 mg/kg is safe and effective. The use of high doses of
esketamine may not be appropriate for OPD procedures
and specific patient groups based on the evidence. In
contrast, it is important to be aware of the adverse effects
of high doses of esketamine in the clinic. Since there were
not enough studies in the former analysis, we also tried
to use 0.5 mg/kg esketamine as a cutoff value to perform
the subgroup analysis, and the results showed the same
results as above.

In addition, quality assessment of the studies
included in the present meta-analysis was performed.
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Heterogeneity was identified in the outcomes of recov-
ery time (I>=88%) and propofol dosage (I>=94%).
For propofol dosage, subgroup analysis of studies that
used 0.2-5 mg/kg esketamine compared to NS did not
change the results but had low heterogeneity (I>=29%),
which suggested that the different dosages of esketa-
mine were one of the reasons for the high heteroge-
neity. For recovery time, removing the study by Li CL
et al. [28] and Li P et al. [25] decreased the heterogene-
ity of recovery time (P<0.00001, I?=59%), but did not
change the results. It was assumed that the high hetero-
geneity originated from the inconsistency in sedation
details and different time and sample sources, and no
details of these indices were available.

Limitations

Several limitations of the study should be acknowl-
edged. First, due to the limited number of original
studies, many results could not be combined. Second,
outcome measurements were quite different across
individual studies. Therefore, there were only a few
RCTs to be statistically analyzed. Recovery time, esket-
amine supplementation dosage, and different control
groups, may have diluted the significance of certain
specific results. Furthermore, among the included tri-
als, most of the included studies were conducted in
China, which might cause bias. A potential problem of
esketamine could be its psychotomimetic effects, such
as visual disturbances, vertigo, or nausea, which could
compromise patient satisfaction. The main finding of
equivocal effect between esketamine and ketamine
groups and its visual disturbance and other dissocia-
tive symptoms are under-estimated. The small sample
size of this study may lead to an underestimation of
the adverse effect. Therefore, well-conducted RCTs are
urgently needed to evaluate the safety of the combined
use of propofol and esketamine on psychotomimetic
effects and cognitive impairment after recovery, such as
mood and clustered psychological effects and concen-
tration capacity. In addition, the comparison of esket-
amine with saline is a relatively low standard for the
design of high quality RCTs, and there is no registration
of this meta-analysis, so this may bias the findings.

Abbreviations

RCTs Randomized controlled trials

NS Normal saline

MD Mean Difference

a Confidence interval

RR Risk ratio

HR Heart rate

PRISMA Preferred reporting items for systematic reviews and meta-analy-

ses statement
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