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Background: S-ketamine is the S-enantiomer of ketamine, which exerts anesthetic and analgesic
effects through noncompetitive antagonism of N-methyl-D-aspartate (NMDA) receptors.

Objective: We aimed to define the relative risk of post-abdominal surgery pain in adults who
were administered perioperative S-ketamine.

Study Design: Systematic review and meta-analysis.

Methods: Two reviewers independently screened the articles from the titles and abstracts based
on our eligibility criteria, evaluated the risk of bias by using the Cochrane Collaboration Risk of Bias
tool in randomized controlled trials, and extracted the data from the included studies according
to a prespecified protocol; any disagreements were solved by consultation. The level of certainty
for the main results were evaluated according to the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) system

Results: Of the 1,621 studies identified, 9 studies were included; they were published from
2004 through 2022. Only one study involved epidural anesthesia, whereas the other 8 studies
included general anesthesia. The pain at rest scores at 4 and 24 hours post-abdominal surgery
were significantly lower in the S-ketamine group, respectively. However, there was no significant
difference between the 2 groups in the pain at rest scores at 48 hours post—abdominal surgery.

S-ketamine infusion reduced pain during movement 24 hours post-abdominal surgery,
but not at 48 hours, respectively. The incidence of postoperative nausea and vomiting, as well
as psychotomimetic adverse effects post-abdominal surgery were similar between the 2 groups,
respectively. A subgroup analysis revealed that the pain at rest score at 4 hours post-abdominal
surgery in patients in the intraoperative use group was remarkably reduced, compared with the
patients who received S-ketamine perioperatively. Otherwise, the pain at rest score at 24 hours post-
abdominal surgery in the perioperative use group was significantly reduced versus intraoperative
use group.

Limitation: The number of trials included was small. The remarkable heterogeneity found in the
pooled results at each time point post-abdominal surgery might affect the credibility of the results.

Conclusions: S-ketamine is effective in reducing the early postoperative pain of patients who
received abdominal surgery, and may not increase the incidence of postoperative complications.

Key words: S-ketamine, intravenous, postoperative pain, abdominal surgery, pain scores,
randomized controlled trial, systematic review, meta-analysis
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-ketamine is the S-enantiomer of ketamine,
a well-known dissociative
pharmacological characteristics of S-ketamine
are similar to those of ketamine, and the affinity

of S-ketamine to N-methyl-D aspartic acid receptor
(NMDA) is approximately double that of ketamine.
For achieving the same anesthetic effect, the dosage
of S-ketamine is only half of ketamine (1-4). High

analgesic. The
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bioavailability and short clearance half-life make the
anesthesia effect of S-ketamine more controllable.
Besides, S-ketamine is associated with fewer
psychotropic side effects compared with ketamine, and
is gradually replacing ketamine for clinical use (5,6).

It has been suggested that S-ketamine is efficient
to reduce opioid-induced hyperalgesia and tolerance,
and reduce postoperative pain and opioid consumption
(7), while some studies have reported that S-ketamine
does not reduce the dosage of opioids, but significantly
increases postoperative sedation (8). The only meta-
analysis of acute postoperative pain in patients treated
with S-ketamine showed that S-ketamine relieved
postoperative pain and reduced the opioid demand
of patients (9). However, their analysis only involved
general anesthesia; no other form of anesthesia was
included (9). The study provided a moderate-to-low
level of certainty (9). As several new studies have been
published on the perioperative use of S-ketamine in
recent years (10,11), an updated systematic review and
meta-analysis is necessary (12).

Abdominal surgery is one of the most common sur-
gical procedures. A majority of patients undergoing ab-
dominal surgery suffered from excruciating pain, which
severely impeded the progress of postsurgery recovery,
thus sufficient perioperative analgesia is crucial (13).
S-ketamine is a potential therapy that may contribute
to reduce postoperative pain post-abdominal surgery.
Meanwhile, the incidence of anesthesia-related compli-
cations post-abdominal surgery is also higher (14,15).
Whether the use of S-ketamine increases the incidence
of postoperative adverse reactions remains to be dis-
covered. We conducted a systematic review and meta-
analysis of randomized controlled trials (RCTS) to evalu-
ate the efficacy and safety of S-ketamine for analgesia
in patients post-abdominal surgery.

METHODS

The protocol of our study was registered on the
prospective register of systematic reviews (PROSPERO)
with a registration number of CRD42021270703. We
conducted this systematic review and meta-analysis ac-
cording to the rules of Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) (16).
The PRISMA checklist is shown in the supplementary
materials (Supplemental Table 1).

Search Strategies
The PubMed, Cochrane Library, EMBASE and Web
of Science databases were systematically searched for

RCTs published before December 2022 that investi-
gated the influence of perioperative administration
of S-ketamine for postoperative pain post-abdominal
surgery. In addition, the reference lists of all included
studies were all checked for any potential additional
publications. Searches were run again just before the
final analysis to find any further studies meeting the in-
clusion criteria. The detailed search strategies for each
database are presented in the supplementary materials
(Supplemental Table 2).

Inclusion and Exclusion Criteria

For a published article to be included in our study,
it had to meet the following criteria: 1) the study is an
RCT; 2) the influence of perioperative S-ketamine ad-
ministration on postoperative pain post-abdominal sur-
gery was investigated; 3) the surgeries were performed
among adults (18 years or older); 4) the full text was
available. Duplicate publications, reviews, editorials,
abstracts, comments, case reports, meetings, or animal
experiments were excluded.

Data Extraction and Quality Assessment

Two reviewers (MX and YL) independently
screened the articles from the titles and abstracts based
on our eligibility criteria, evaluated the risk of bias by
using the Cochrane Collaboration Risk of Bias tool in
RCTs, and extracted the data from the included studies
according to a prespecified protocol with any disagree-
ments solved by consultation.

The original data include the following characteris-
tics: first author, country, publication year, sample size,
age, intervention strategies and outcomes (postopera-
tive pain scores and adverse events). A widely-accepted
formula was used to estimate mean and SD from data
described in the forms of median (interquartile range)
(17). Since the exact values were not listed in some
studies, and the authors only presented a graph, the
related data were digitized by GetData Graph Digitizer
v2.2.5 (GetData Pty Ltd, Kogarah, Australia) (18). In ad-
dition, we evaluated the level of certainty for the main
results according to the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE)
system, and GRADEpro version 3.6 software (McMaster
University) was used (Supplemental Table 3).

Data Synthesis

All analyses were performed using Review Man-
ager (RevMan) Version 5.4. (the Nordic Cochrane Cen-
tre for the Cochrane Collaboration). The dichotomous

328

www.painphysicianjournal.com



A Meta-analysis of S-ketamine on Postoperative Pain

variables were expressed as risk ratios (RRs) and 95%
Cls, while the continuous variables were described in
forms of mean difference (MD) and 95% Cls. Cochran’s
Q test and Higgins' |2 statistical test were used to assess
the statistical heterogeneity of the pooled results. Het-
erogeneity is defined as no, low, moderate, and high
when 12 values are 0%, 25%, 50%, and 75%. Subgroup
analyses were performed based on the time point of
S-ketamine administration. In addition, a sensitivity
analysis was used to explore the sources of heterogene-
ity by excluding specific studies.

REesuLts

Study Selection

We identified 1,621 studies, of which 757 studies
were duplicates and 846 studies were excluded by screen-
ing titles and abstracts. Then, 18 full-text articles were
further screened, from which one study was excluded
for not reporting outcomes and 8 studies were excluded
for reporting on non-abdominal surgery. Finally, 9 stud-
ies (7,8,10-12,19-22) met the inclusion criteria and were
included (Fig. 1). All involved articles were published be-
tween 2004 and 2022; the sample size ranged between
25 and 275.

The researchers assessed the analgesic effects of
S-ketamine among patients undergoing abdominal
surgery. Almost all studies reported the effect of S-

Pain at Rest Scores Post-Abdominal Surgery

The results of the meta-analysis pooling indicates
that the pain at rest scores at 4 and 24 hours post-
abdominal surgery were significantly lower in the S-
ketamine group (standardized mean difference [SMD]
=-1.12; 95% Cl, -1.58 to -0.66; P < 0.00001; I = 91%;
SMD =-0.37; 95% Cl, -0.59 t0 -0.15; P=0.001; I1>=57%)
respectively. However, there was no obvious differ-
ence between the 2 groups for the pain at rest scores
at 48 hours post-abdominal surgery (SMD = 0.05; 95%
Cl,-0.69 to 0.78; P = 0.9; I> = 96%). Additionally, sub-
stantial heterogeneity was found in the pooled results
at each time point post-abdominal surgery (I > 50%)
(Fig. 3).

Pain With Movement Scores Post-Abdominal
Surgery

The present study indicates that S-ketamine infu-
sion reduced pain with movement at 24 hours post-ab-
dominal surgery, but not at 48 hours (SMD = -0.47; 95%
Cl, -0.67 to0 -0.26; P < 0.00001; 1> = 0%; SMD =-0.14; 95%
Cl, -0.50 to0 0.21; P = 0.43; I> = 74%) respectively (Fig. 4).

Postoperative Complications

As depicted in Fig. 5, the incidence of postoperative
nausea and vomiting (PONV), as well as psychotomimetic
adverse effects post-abdominal surgery were similar be-
tween the 2 groups (RR = 1.08; 95% Cl, 0.88 to 1.33; P =

ketamine after general anesthesia (12), with

one study exploring the effect of S-ketamine
after epidural anesthesia (19). In the included
studies, S-ketamine was used over different
time ranges and at different dosages. Six ar-
ticles reported intraoperative administration of
S-ketamine(8,10,11,19,21,22), 2 articles reported
the perioperative administration of S-ketamine
(7,20), and one reported that S-ketamine was only
administered postsurgery (12). The bolus doses
varied from 0.25 to 0.5 mg/kg, and the doses of
the infusions ranged between 0.12 and 0.3 mg/
kg/h. The detailed characteristics of the included
studies are represented in Table 1.

Study Quality and Risk of Bias

The risk of bias assessment is summarized in
Fig. 2. Nearly all the studies had a “low risk” or
an "unclear risk.” The GRADE assessment for the
results are presented in Table S3. Funnel plots were

| Included  Eligibility  Serecning Identification

Additional records
identified through other
sources(n=3)

Records identified
through databases
screening(n=1618)

‘ Records after duplicates removed(n=864) ‘

| Records screened(n=864) ]—) Records
excluded{n=846)

Full-text articles
excluded with
reasons: Non-

abdominal
surgery(n==8);
Lack of
outcomes(n=1)

Full-text articles assessed for
eligibility(n=18)

Studies included in qualitative
synthesis(n=9)

Studies included in quantitative
synthesis (meta-analysis)(n=9)

symmetrical and suggested no evidence of publica-
tion bias (Supplemental Figs. 1-3).

Fig. 1. Study selection flow diagram.
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Table 1. Characteristics of the included studies.

Sample Size Age (y) X
Study Country - - Interventional strategy
S-ketamine | Control | S-ketamine | Control
Argiriadou et 0.5mg/kg IV before incision; 2. 0.5 mg/kg IV before
al 2gOO " Greece 15/15 15 58 £13/64+ 14 | 60 £ 10 incision + 0.2 mg/kg IV repeated at 20 min intervals until
30 min before the end of surgery
Low-dose group: 0.25 mg/kg IV bolus after induction
Bornemann- 62.2£9.8/58.4 of anesthesia+0.125 mg/kg/h continuous IV for 48 h; 2
Cimentietal | Austria 18/19 19 S ETO0R 6104124 an 2o mgfRelh ¢ OrEe 2
2016 +8.1 Minimal-dose group: 0.9% saline bolus after induction of
anesthesia+0.015 mg/kg/h continuous IV infusion for 48 h
Ithnin et al S 45 m 481+ 3.55 48,1+ 4.86 0.25 mg/kg IV bolus before incision and after complete
2019 removal of uterus
Miziara et al Brazil 21 21 18-65 18-65 S-ketamine 0.3 mg/kg/h before surgery and discontinued
2016 at the end of surgery
Snijdelaar et 100 pg/kg IV bolus before surgery+intraoperative 0.12
al 2004 WEHGIERSS || I 12 60.1£47 61747 mg/kg/h continuing IV+0.5 mg per bolus after surgery
Xin et al 2022 | China 120 118 27.25+2.32 27.19 £1.21 | Intraoperative S-ketamine 0.5 mg/kg/h
Han et al . Postoperative S-ketamine 0.5mg/kg as an adjuvant in
2022 China 122 153 31.64 £3.93 31.85+4.16 PCIA
Qiu et al 2022 | China 92 91 412+12.8 429+10.5 | Intraoperative S-ketamine 0.3 mg/kg/h
Massoth et al Intraoperative dexmedetomidine 0.3 pg/kg/h and
2021 Germany 76 76 38.1+12.7 39.1+12.7 e G )
A hesi P . Duration of Duration of surgery
nesthesia ostoperative . . .
Study Control . P! Type of surgery | anesthesia (min) (min)
maintenance | analgesic - -
S-ketamine | Control | S-ketamine | Control
Gastroenterological
Argiriadouet | o . GALCEA PCEA zﬁig:"’ urological | )¢y 5+ 245/ | 2753+ ;‘118;2; ge | 2245
al 2004 ropivacaine ey 269.5 £ 49.1 40.9 ’ T | 573
gynecological 90.0
surgery
Bornemann-
Cimenti etal | Saline GA PCI A . Open'colorectal and NA NA 183 £72/182 189 + 67
piritramide hepatic surgery +71
2016
Ithnin et al Saline GA PCIA ‘ Open gynecological 134.0 + 43.13 1325+ NA NA
2019 morphine surgery 37.65
Miziara et al . L Laparoscopic
2016 Saline GA Morphine iv cholecystectomy NA NA NA NA
. PCIA morphine + .
Snijdelaar et . . Radical 132.5 £37.65 | 209.2 +
- + +
al 2004 Saline GA | 1340+ 43.13 | 89.7 148+23 158£25
per bolus
. Fentanyl 0.5 . 186.85 = 181.52
Xin et al 2022 me/(kg/h) GA NA Obstetric surgery NA NA 2285 23.58
PCIA
S-ketamine 0.5mg/
Han et al . kg-+sufentanil 2pg/ . 51.59 +
2022 Saline SA [ R—— Obstetric surgery NA NA 53.60 +9.99 11.07
10mg, 2ml/h for
48h
Qiu et al 2022 | Saline GA PCIA Gynecological 121 +31.6 A6+ 0644304 | 8894354
hydromorphone laparoscopy 39.9
Repetitive
Massoth et al | bolus of PCIA Gynecological 154.3 +
2021 sufentanil of GA morphine laparoscopy 151 £64.2 59.5 81.3£49.6 991627
0.15 pg/kg

GA, general anesthesia; CEA, continuous epidural anesthesia; PCEA, patient-controlled epidural analgesia; IV, intravenous; NA, not applicable.
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A
0.47; 12 =19%; RR=1.3; 95% Cl, 0.87 t0 1.94; P=0.2; I’ = o
0%), respectively. 2
g = i3
Subgroup Analysis 5Eegfs538:¢
Since different time points of S-ketamine admin- S £ 8 5 % 8 8 5 %
istration was likely to affect the outcomes, we further L : : : : : : e :?"“Tmm"e":m:”:mnl‘STET"D'“’
performed a subgroup analysis. We defined continuous 310 [®[®® | ®|®|®]® | sirano otsatciparts snapersomel peromance biss
intraoperative and postoperative use of S-ketamine as 5 @@ ® @ |®|®| @ |aindngoroucome assessment setection biss)
perioperative use. Subgroup analyses indicated that 0 ® @ @ @ ®|® @ nonieamome st @wonbias
the pain at rest score at 4 hours post-abdominal sur- ® 9O O O O O @) @eiectereontigireporting bias)
gery in the intraoperative use group was remarkably 2SO0 O]S[®]® [orerss
reduced (SMD =-1.71; 95% Cl, -2.64 to -0.78; P = 0.0003; i T
. . . Random Sequence generation (selection bias)
I> = 95%), compared with the patients who received S- Allocaton concaaiment (seiscton bias) | ENNMEEEERR
ketamine perioperative|y (SMD = -0.78; 95% Cl, -1.93 Blinding of paricipants and personnel erformance bias) NN |
. . inding of outcome assessment (detection bias) :I
t0 0.37; P = 0.19; 12 = 76%). Otherwise, the pain at rest R ——————
score at 24 hours post-abdominal surgery in the peri- Sslectve reporting (reporting bias) REEEEEEE
operative use group was significantly decreased (SMD omerbis | - - - '
_ . aco, . D_ 2_no 0% 5% 50% 5% 100%
=-0.53; 95% Cl, -0.81 to -0.24; P = 0.0003, I°= 0%) com- —— -
- . . I B ow risk of bias [Dunciear risk of bias Wl High risk of bias |
pared with the intraoperative use group (SMD = -0.18;
95% Cl, -0.59 to 0.23; P = 0.4; I> = 69%). No significant T Rk o b 1) 1 e
difference of the pain at rest scores at 48 hours post- ig. 2. Risk of bias. A) A summary of the risks of bias for
. each study; B) The distribution of each risk of bias across
abdominal surgery was observed between the 2 groups studies. Green represents a low risk of bias, yellow unclear
(Fig. 6). A subgroup analysis of pain with movement bias, and red a high risk of bias.
scores was not conducted because the number of stud-

ies was too small for re-

. . . A
Ilable estimation. S-ketamine Control Mean Difference Mean Difference
or Subgrou Mean Total Mean Total Wei IV, Random, 95% C1 IV, Random, 95% C1
. . Bomemann-Cimenti 2016 24 06 37 27 06 19 195% -D.30}063,003
Sensmwty AhalySIS Han 2022 3 09 122 38 08 153 208% -0.80[1.00,-060] -
Hthnin 2019 19 07 45 25 07 44 199% -0.60[089,-0.31] -
The heterogene- Miziara 2016 13 16 21 57 21 11 94% -440}553,-327] —
. . Snijdelaar 2004 14 12 13 28 16 12 95% -150}262,-0.38 ——
ity of the pain at rest i 2022 285 062 120 391 081 118 209% -106[1.24,-088) .
score at 24 hours post- Total (95% CI) 358 367 100.0% -1.12[-1.58,-0.66] *
abdominal surgery and Heterogeneity: Tau*= 025, Chi*= 57 92, df= 5 (P < 0.00001), F=91% _E' _:2 0 i i
. . Testfor overall effect 2= 4.78 (P = 0.00001) F ' Faw
the pain Wlth move- B avours [S-ketaming]  Favours [Control]
ment score at 48 hours S-ketamine Control Mean Difference Mean Difference
- i _Study or Subaroup Mean SD Total Mean SD Total Weight IV,Random.95%Cl  N.Random.95%Cl
post abdominal surgery Argiriadou 2004 357 069 30 382 071 15 136% -0.35p0.79,009] ——t
were significa nt|y de- Bomemann-Cimenti 2016 15 04 37 2 06 19 188% -0.501080,-0.20] —
X Han 2022 235 071 122 287 066 153 250% -0.52}0.68,-0.36] -
creased when excludlng Ithniin 2019 34 18 45 3 19 44 64%  040F037,147] e
Massoth 2021 31 1 76 315 76 147%  0.10[0.31,051) —
the study by Massoth et aiu 2022 2 15 9 26 08 9 163% -060(095-029) —
al (8) or the study by Sni- Snijdelaar 2004 12 1 13 2 14 12 45% -0B80[1.76 0.16)
; Total (95% CI) 415 410 100.0% .0.37[-0.59,.0.15] -
JdEIaar et al (20) (SMD Heterogeneity Tau™= 0.04; Chi*= 13,99, df= 6 (P = 0.03); F= 57% '12 .1 : 25
= -0.48; 95% Cl, -0.64 Test for overall eflect: Z= 3.28 {P = 0.001) Favours [S-ketaming] Favours [control]
to -0.31; P < 0.00001; c
S-ketamine Control Mean Difference Mean Difference
12 = 23%; SMD = -0.3; or Subgrou Mean SD Total Mean SD Total Wei Random, 95% CI IV, Random, 95% CI
i Bomemann-Cimenti 2016 103 37 17 04 19 262% -070[090,-050] -
95% Cl,-0.5t0-0.11; P= Massoth 2021 31 14 76 21 1 76 253%  100[067,133 -
L2 - 0 _ Qiu 2022 14 08 92 14 08 91 261% 0004023,023
0.002; I = 33%), respec Snijdelaar 2004 08 08 13 09 08 12 224% -010}073,053
tlvely (Flg. 54). Total (95% CI) 218 198 100.0%  0.05]-0.69,0.78]
Heterogeneity: Tau®= 0.53; Chi*= 74.98, df= 3 (P < 0.00001), F= 96% St 3
DISCUSSION Testfor overall effect Z=0.13 (P = 0.90) Favours [S-ketaming] Favours [Control)

In the present Fig. 3. Forest plot of postoperative pain scores in patients at rest after abdominal surgery. A. 4

study, we demonstrate hours postsurgery; B. 24 hours postsurgery; C. 48 hours postsurgery.
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Testfor overall effect: Z=1.28 (P = 0.20)

Favours [S-ketamine] Favours [Control]

A
S-ketamine Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Argiriadou 2004 7 30 5 15 6.0% 0.70[0.27,1.84] [
Han 2022 17 122 18 153 14.4% 1.18[0.64, 2.20) ——
Ithnin 2019 N 45 20 44 18.2% 1.52(1.04,221] =
Massoth 2021 26 76 33 76 29.7% 0.79[0.53,1.18] =
Miziara 2016 1 21 2 21 1.8% 0.50[0.05,5.10)
Qiu 2022 34 92 27 91 244% 1.25[0.82,1.88) ™
Xin 2022 5 120 6 118 54% 0.82[0.26, 2.61) —
Total (95% CI) 506 518 100.0% 1.08 [0.88, 1.33] 4
Total events 121 111
Heterogeneity: Chi#= 7.37, df= 6 (P = 0.29); F=19% =0 o1 0{1 1:0 1uu=
Testfor overall effect Z= 0.73 (F = 0.47) Favours [S-ketamine] Favours [Control]
B
S-ketamine Control Risk Ratio Risk Ratio
Study or Subgrou Events Total Events Total Weight M.H, Fixed, 95% CI M.H. Fixed, 95% CI
Han 2022 28 122 24 153 B60.2%  1.46[0.90,2.39) T
Ithnin 2019 2 45 1 44 29% 1.96(0.18,20.80)
Miziara 2016 1 21 0 21 1.4% 3.00[0.13,69.70)
Qiu 2022 9 92 12 91 341% 0.74[0.33,1.67] i
Snijdelaar 2004 2 13 0 12 1.5% 464025 87.91)
Total (95% Cl) 293 321 100.0%  1.30[0.87, 1.94] »
Total events 42 37
Heterogeneity: Chi*= 315, df= 4 (P = 0.53); F= 0% =0 o 0:1 : 1:0 mu:

Fig. 4. Forest plot of postoperative complications in patients after abdominal surgery. A) Postoperative nausea and vomiting.

B) Psychotomimetic adverse events.

S-ketamine Control Mean Difference Mean Difference of the surgical stress
—Study of Mean SD Total Mean SO Total Weight I.Random,95%Cl _ W.Random95%Cl . .
Bomemann-Cimenti 2016 29 04 37 33 05 19 638% -0.40[-066,-014] L3 response which is un-
Qi 2022 34 08 92 415 91 352% -0601095,-025 - desirable f .,
Snijdelaar 2004 27 25 13 28 26 12 11% -010(2.10,1.90] esirable for a patient’s
Total (95% CI) 142 122 100.0% -0.47[-0.67,-0.26] * recovery. Effective
Heterogeneity: Tau®= [li][l; Chi*=094,dl= 2 (P=062),F=0% 1_‘ 52 i ‘I postsurgical pain man-
Testfor overall effect Z= 4.42 (P < 0.00001) Favours [S-ketaming] Favours [Control) .
agement improves post-
S-ketamine Control Mean Difference Mean Difference . HR H
e — . i Nl phibiflan e operative rehabilitation
Bomemann-Cimenti 2016 25 04 37 29 04 19 41.7% -0.40[062,-018) +
Giu 2022 24 08 92 26 08 91 410% -0201043,003 i and enhances recovery.
Snijdelaar 2004 11 12 13 05 04 12 173%  060F009,129 el The results of our meta-
Total (95% CI) 142 122 100.0%  -0.14[-0.50,0.21] - analysis indicated that
Heterogeneity. Tau®= 0,07, Chi*= 7.75, df= 2 (P = 0.02); = T4% N £ 3 4 Py th . t t
Tes!for overall effect 2= 0.79 (P = 0.43) Favours [S-ketaming] Favours [Control) € paln at rest scores
at 4 hours and 24 hours
Fig. 5. Forest plot of postoperative pain scores in patients at movement after abdominal surgery. post-abdominal sur-
A) 24 hours postsurgery. B) 48 hours postsurgery. gery were significantly

lower in the S-ketamine
group, but there was

that S-ketamine significantly lowers postoperative pain
scores post-abdominal surgery. Specifically, the pain at
rest scores at 4 and 24 hours, as well as the pain with
movement score at 24 hours post-abdominal surgery
were reduced in the S-ketamine group. In addition,
S-ketamine did not increase the risk of PONV or psy-
chotomimetic adverse events post-abdominal surgery.
Postoperative pain may lead to various aspects

no detectable difference between the 2 groups for the
pain at rest score and the pain with movement score at
48 hours post-abdominal surgery.

In the subgroup analysis, the pain at rest score at
24 hours post-abdominal surgery in the perioperative
use group was significantly reduced compared to the
patients who received S-ketamine only intraoperative-
ly. These results are consistent with the study Wang X
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A S-ketamine Control Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
6.1.1 Intraoperative use
Ithnin 2019 19 07 45 25 07 44 237% -060[-0.89,-0.31] .

Miziara 2016 13 16 20 57 21 21 143% -4.40[-553,-3.27]

Xin 2022 285 062 120 391 081 118 243% -1.06[-1.24,-0.88] T
Subtotal (95% CI) 186 183 623% -1.71[-2.64,-0.78] B el
Heterogeneity: Tau®= 0.58, Chi*= 42.50, di= 2 (P < 0.00001); F= 95%

Test for overall effiect Z= 3.61 (P = 0.0003)

6.1.2 Perioperative use

Bomemann-Cimenti 2016 24 06 37 27 06 19 233% -030[}063,003] =
Snijdelaar 2004 14 12 13 29 16 12 14.4% -1.50[-262,-0.38] e
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Fig. 6. Subgroup analysis for postoperative pain scores in patients at rest by administration time. A) 4 hours postsurgery. B) 24
hours postsurgery. C) 48 hours postsurgery.
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et al (9). However, some studies did not distinguish the
pain at rest scores and the pain with movement scores
clearly, so we compared the studies that specified the
type of pain score. Some studies did not record pain
scores at 12 hours, so we only compared 3 time points:
4 hours, 24 hours, and 48 hours.

In the subgroup analysis, the pain at rest score
at 4 hours post-abdominal surgery in the intraopera-
tive use of S-ketamine group was remarkably reduced
compared to the perioperative use group. In fact, the
dose of intraoperative infusion of S-ketamine in the
perioperative use group was significantly lower, com-
pared with the intraoperative use group. As pain relief
is dose-dependent, S-ketamine in the intraoperative
use group might provide longer and effective analgesia
in the postoperative period, thus resulting in a lower
pain score in the perioperative use group at 4 hours
postsurgery.

Early postoperative ambulation contributes to the
rapid recovery of intestinal function, which is especially
necessary for patients post-abdominal surgery (23). In
this systematic review and meta-analysis, we showed
that S-ketamine significantly reduced the pain with
movement score at 24 hours, but not at 48 hours post-
abdominal surgery, but this result differed from Wang's
study (9). We considered the possibility that the involved
studies reporting different administration methods of
S-ketamine contributed to the discrepancies.

In addition, severe postoperative pain may result
in increased postoperative analgesics consumption.
However, we did not analyze postoperative analgesics
consumption in the present study. It is worth noting
that different types of surgery lead to different de-
grees of pain. Furthermore, the criteria of postopera-
tive analgesic interventions for anesthesiologists varies
among different institutions, thus the consumption of
opioids may not be a reliable indicator for evaluating
the analgesic effects of drugs in the perioperative pe-
riod (24).

The use of S-ketamine in abdominal surgery did
not increase the risk of either PONV or psychotomi-
metic adverse events. It is important to mention that
sedatives were used in almost all the studies involved,
such as midazolam, diazepam, dexmedetomidine,

etomidate, and propofol; these sedatives are beneficial
to reduce PONV and other adverse events. In addi-
tion, the dosage of S-ketamine for patient-controlled
analgesia was also low post-cesarean delivery (0.5mg/
kg) (12), which may explain the unchanged incidence
of postoperative adverse events. We also found that S-
ketamine not only reduced analgesia scores in the early
postoperative period, but also decreased the incidence
of hyperalgesia (7), postpartum depression (19), and
postoperative sleep disturbance (10), which is in line
with a previous studies that the incidence of demoral-
ization was lower in patients who received S-ketamine.
Although the use of S-ketamine administration for
pain management post-abdominal surgery has surged,
the ideal dosage has not been determined. Therefore,
more clinical studies are needed to explore the ideal
drug dosage of S-ketamine.

Limitations

Our study has some limitations. First, the number
of trials included in this study was relatively small, and
the overall studies were not of high quality. Second,
remarkable heterogeneity was found in the pooled re-
sults at each time point post-abdominal surgery might
affect the credibility of the results. Third, we did not
find any evidence of reduced postoperative complica-
tions after the use of S-ketamine in abdominal surgery.
Since the observation indexes of postoperative compli-
cations in abdominal surgery were not unified among
the different studies, this may affect the accuracy of
the results. Therefore, large-scale RCTs are needed to
investigate the safe and effective dose of S-ketamine
in the future.

CoNCLUSION

In conclusion, S-ketamine is effective in reducing
early postoperative pain in abdominal surgery, and
does not increase the incidence of PONV and psychoto-
mimetic adverse events.
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Supplemental Fig. 1. Begg’s funnel plot

of pain scores at rest. A) Four hours after
surgery. B) Twenty-four hours after surgery.
C) Forty-sight hours after surgery.
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Supplemental Fig. 2. Begg’s funnel plot of
pain scores at movement. A) Twenty-four
hours after surgery. B) Forty-sight hours after
surgery.
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Supplemental Fig. 3. Begg’s funnel plot of postoperative
complications. A) Postoperative nausea and vomiting.
B) Psychotomimetic adverse events.
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Supplemental Fig. 4. Sensitivity analysis for postoperative pain scores by excluding specific studies.
A ) Resting pain scores at 24 hours after surgery. B) Movement pain scores at 48 hours after surgery.

Supplemental Table 1. Search strategies

Search terms with no restrictions on study design, outcomes, and language

(((((pain) OR (analgesia)) OR (surgery)) OR (postoperative)) OR (opioids)) AND

Lt eles. 502 ((S-ketamine) OR (esketamine))

#1 TS=((pain) OR (analgesia) OR (surgery) OR (postoperative) OR (opioids) )

Web of Science 299 #2 TS=((S-ketamine) OR (esketamine))

#3 #1 AND #2

#1 ‘pain’:ab,ti OR ‘analgesia’:ab,ti OR ‘surgery’:ab,ti OR ‘postoperative:ab,ti OR
‘opioids’:ab,ti

iR #2 ‘S-ketamine’:ab,ti OR ‘esketamine’:ab,ti

#3 #1 AND #2

#1 (pain):ti,ab,kw OR (analgesia):ti,ab,kw OR (postoperative):ti,ab,kw OR
(opioids):ti,ab,kw

Cochrane Liborary 453 #2 (S-ketamine):ti,ab,kw OR (esketamine):ti,ab,kw

#3 #1 AND #2
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