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Ketamine, a commonly used general anesthetic, can produce rapid and sustained antidepressant effect. However, the efficacy and
safety of the perioperative application of ketamine on postoperative depression remains uncertain. We performed a meta-analysis
to determine the effect of perioperative intravenous administration of ketamine on postoperative depression. Randomized
controlled trials comparing ketamine with placebo in patients were included. Primary outcome was postoperative depression
scores. Secondary outcomes included postoperative visual analog scale (VAS) scores for pain and adverse effects associated with
ketamine. Fifteen studies with 1697 patients receiving ketamine and 1462 controls were enrolled. Compared with the controls, the
ketamine group showed a reduction in postoperative depression scores, by a standardized mean difference (SMD) of —0.97, 95%
confidence interval [Cl, —1.27, —0.66], P < 0.001, I> = 72% on postoperative day (POD) 1; SMD—0.65, 95% CI [—1.12, —0.17],

P <0.001, I = 94% on POD 3; SMD—0.30, 95% C| [—0.45, —0.14], P < 0.001, I> = 0% on POD 7; and SMD—0.25, 95% Cl [—0.38, —0.11],
P <0.001, I> =59% over the long term. Ketamine reduced VAS pain scores on POD 1 (SMD—0.93, 95% Cl [—1.58, —0.29], P = 0.005,
I2 = 97%), but no significant difference was found between the two groups on PODs 3 and 7 or over the long term. However,
ketamine administration distinctly increased the risk of adverse effects, including nausea and vomiting (risk ratio [RR] 1.40, 95% Cl
[1.12, 1.75], P=0.003, I* = 30%), headache (RR 2.47, 95% CI [1.41, 4.32], P=0.002, I> = 19%), hallucination (RR 15.35, 95% Cl [6.%4,
37.34], P< 0.001, I> = 89%), and dizziness (RR 3.48, 95% CI [2.68, 4.50], P < 0.001, I> = 89%) compared with the controls. In
conclusion, perioperative application of ketamine reduces postoperative depression and pain scores with increased risk of adverse

effects.
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INTRODUCTION
Ketamine has been a commonly used general anesthetic in clinical
practice for nearly 60 years [1]. It is mainly used for the induction and
maintenance of anesthesia, sedation, and analgesia [2-5]. Outside of
these properties, ketamine has also been found to be effective in
managing depression, which has always been an important research
topic in the past decade. In 2000, a study from Yale University first
reported that a single intravenous (IV) injection of ketamine (0.5 mg/
kg) exerted rapid-onset and sustained antidepressant effect in
patients with depression [6], and several subsequent clinical studies
further confirmed ketamine’s robust antidepressant effects in
patients with treatment-resistant depression [7-12]. Additionally,
accumulating evidence has indicated that ketamine rapidly
decreases suicide ideation in patients with severe depression [13],
which provides a foundation for perioperative administration of
ketamine to improve postoperative depression.

Surgical treatment is a great challenge to patients and can induce
psychological stress reactions, including anxiety and depression,
during the perioperative period that affect postoperative recovery

quality and may even increase postoperative complications [14, 15].
Approximately 10-30% of patients experience a depressed mood
during the perioperative period [16], especially in patients undergoing
cardiac surgery [17]. Patients with underlying depression preopera-
tively could have worsened the severity of depression after surgery
[18, 19]. Additionally, postoperative depression has been described as
a significant contributor to postoperative pain, decreased cognitive
function, prolonged hospitalization, and morbidity [20-22]. Therefore,
it is very valuable to investigate how to improve and prevent
postoperative depression in patients undergoing surgery.

However, with related studies growing recently, the effect of
ketamine on perioperative depression among surgical patients is
still controversial. Several clinical trials have demonstrated that the
perioperative application of ketamine was associated with
improved postoperative depression scores, while some studies
showed no significant antidepressant effects [23, 24]. Therefore,
we performed a meta-analysis of the antidepression effects and
related adverse effects of ketamine during the perioperative
period to provide a clinical reference.
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Fig. 1 Flow chart for study selection. Total number of studies

identified, screened, deemed eligible, and ultimately included is
summarised.

METHODS

The meta-analysis was conducted in accordance with Preferred
Reporting ltems for Systematic Reviews and Meta-Analyses guidelines
[25]. This study was conducted in accordance with an established
protocol and prospectively registered in the international prospective
register of systematic reviews (PROSPERO) [26], and the registration
information is available at https://www.crd.york.ac.uk/PROSPERO/
(registration number: CRD42020185268).

Literature search and screening

We performed a systematic literature search using the key words
“(ketamine OR N-methyl-D-aspartic acid OR NMDA OR glutamate)
AND (depression OR depressive OR depressed OR mood) AND
(perioperative OR anesthesia OR surgery OR perioperative)” with the
limitations “English written”, “clinical trial”, and “randomized con-
trolled trial” in the Cochrane Central Register of Controlled Trials
(CENTRAL, including PubMed, Embase, CINAHL, Clinical trials, and the
WHO's International Clinical Trials Registry Platform), Medline, and
Web of Science. The search included dates through May 22, 2022,
and was conducted by two independent investigators (the initial two
authors: J.G. and D.Q). In the initial screening stage, both
investigators screened the titles and abstracts of all articles.
Inconsistent selections and disagreements were discussed to reach
a consensus. In the subsequent stage of screening for eligibility, the
inclusion criteria were as follows: (1) randomized studies that
explored the perioperative application of ketamine (experimental
group) in comparison with a control group (saline or other drugs) for
postoperative depressed mood; and (2) articles on human clinical
trials. Articles were excluded if they were (1) reviews, case reports, or
nonrandomized studies or (2) included no experimental or control
group or the relevant data on the interesting outcomes could not be
extracted. The selection protocol is depicted in Fig. 1.

Data extraction

We extracted data from the included studies using Microsoft Excel
and then transcribed the data to Review Manager (Version 5.4) for
statistical analysis. The study characteristics analyzed included
author name, study design, number of patients, surgical type,
anesthesia type, time and dose of ketamine intervention,
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postoperative depression score, pain intensity score, postopera-
tive adverse effects, and follow-up period. We extracted all rating
scale scores regarding changes in depressed mood from the
included studies as the primary outcome, including the Patient
Health Questionnaire (PHQ), Montgomery-Asberg Depression
Rating Scale (MADRS), Beck Depression Inventory (BDI), Hospital
Anxiety and Depression Scale (HADS), Profile of Mood States
(POMS), and Edinburgh Postnatal Depression Scale (EPDS) scores.
The secondary outcomes were the postoperative visual analog
scale pain scores and adverse effects (nausea and vomiting,
headache, hallucination, and dizziness). When data were not
available in the articles, we attempted to contact the authors to
request the original data or use Get Data software to obtain the
original data from the figure. Furthermore, if multiple rating scales
were used in one study, we gave preference to the MADRS. Four
treatment time points were chosen (postoperative days 1, 3, and 7
and over the long term) to assess the effects of ketamine. If
multiple time points were tested in one study at 7 days
postoperatively, a time point close to 1 month was preferentially
selected. Additionally, the study quality and risk of bias were
independently assessed by two trained reviewers according to the
Cochrane Collaboration’s risk of bias tools [27] (Review Manager
5.4). The risk of bias in each trial was assessed into “low”, “high”,
and “some concerns” based on the following domains: random
sequence generation, allocation concealment, blinding of partici-
pants and personnel, blinding of outcome assessment, incomplete
outcome data, selective outcome reporting, and other biases. Any
discrepancies were resolved via discussion to reach a consensus.

Subgroup analysis

To examine whether the observed effects of ketamine on
postoperative depression varied in terms of the moderator
variables, the following subgroup analyses were conducted based
on the presence of depression preoperatively (with vs. without),
type of anesthesia (spinal anesthesia vs. general anesthesia),
method of ketamine administration (single-dose vs. continuous
infusion administration), dose of ketamine (low vs. high dose) and
midazolam premedication (with vs. without). We were unable to
perform a subgroup analysis on the effect of (S)-ketamine (or
esketamine) and ketamine because there were only one or two
studies in each subgroup. To further investigate the safety of
intraoperative ketamine for antidepressant use, we performed a
subgroup analysis of ketamine-related adverse effects with regard
to the method of ketamine administration (single vs. continuous
infusion), dose of ketamine (low dose vs. high dose), type of
anesthesia (spinal anesthesia vs. general anesthesia) and mid-
azolam premedication (with vs. without).

Statistical analysis

In the present study, the meta-analytic procedures consisted of
the following three parts: (a) differences in a postoperative
depressive mood, (b) differences in VAS scores, and (c) differences
in treatment-related adverse effects. For the continuous variables,
the standardized mean difference (SMD) with 95% confidence
intervals (95% Cls) was calculated because different scales were
employed between studies to measure the same outcome.
Dichotomous variables were pooled as the risk ratio with 95%
Cl. If the trial did not report a particular continuous outcome in the
form of a mean and standard deviation, we converted values
according to a mature conversion method [28]. We assessed
heterogeneity using the /* value, which estimates the amount of
total variation that is attributable to heterogeneity. If the values
were <50%, a fixed effects model was chosen. If heterogeneity
was >50%, we selected a random effects model and explored
sources of heterogeneity using further a subgroup analysis. A two-
tailed p value <0.05 was considered to indicate statistical
significance.
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g -g,g drugs. Our analysis indicated that ketamine was more effective
S . E = than the placebo in reducing postoperative pain intensity on POD

2 s 2 1 (SMD —0.93, 95% Cl [-1.58, —0.29], P=0.005, I°>=97%),
- 5 = o B - T . . .
 C g P o oE whereas no significant difference was observed in the ketamine
r 3 w Q. = = .

E & Z kS g L%E group on POD 3 (SMD — 0.30, 95% Cl [-0.74, —0.14], P=0.19,

Molecular Psychiatry (2023) 28:2266 - 2276 SPRINGER NATURE



J. Guo et al.

2270
8
o
[
E =
— g 8
s 7z = 8§ 7
ks © D B S
L o E © 2
2 5 8 2 £ B
§ 8 & 8 & o
T 8 8 g 5 €
g = s & £ g
5 s £ & © 15
3 £ 5 @ o =
5] © = = £ 2
g 8 € 8 £ %
g 8 & 3 3 8
® = S =] 5 ® 8
E 2 2 © 5 =2 o
€ 8 5 5 £E 8§ &
S & £ £ 8 g £
Alipoorm2021 | 2 @ | @ |2 @ |2 |2
HanvQ2022 | @D @ @ & & @2
JangM2016|? | @D @ @ | @ |2 |2
KudohA202 ([ @ |2 |2 @ | @ (@ |2
Leec2019 (@ @ @ O O @@
Liu PR 2019 (Ketamine) [ @ [ ? @ @ @& @ | 2
MaJH2019 ([ @ | ? @ @ @ & @
Mashour 2018 (0.5mg/kg) . . . . . . .
MostafaRH2021 | @ @ @ @ @ | 2 | 2
Ren Q2022 (0.1mgikg) | @ @ @ @ @ @ | 2
wangJ2019 | @D & @ | @ (@ |2 |2
xurR2017 | @ | @ @ @ ® | @@
xuv2017 | @ @ @ @ @®| @@
Yaox2020 | D @ ® O O @ @
zhouv2o21 | D | @ | @ @ @ @ |2

Random sequence generation (selection bias) _:l
Allocation concealment (selection bias) _:.

Blinding of participants and personnel (performance bias)

Incomplete outcome data (attrition bias) _
Selective reporting (reporting bias) _:l

Blinding of outcome assessment (detection bias)

Other bias - |

75%

0% 25% 50% 100%

. Low risk of bias D Unclear risk of bias . High risk of bias

Fig. 2 Risk of bias assessment. A Risk of bias for individual studies. B Risk of bias summary.

1> = 84%) and POD 7 (SMD — 0.93, 95% C| [-2.37, —0.52], P=0.21,
1> = 97%). The forest plots of this analysis are presented in Fig. 4.

Adverse effects

Next, we investigated the effects of ketamine on adverse
reactions, including nausea and vomiting, headache, hallucina-
tions, and dizziness. The ketamine group had a higher risk of
nausea and vomiting (RR 1.40, 95% CI [1.12, 1.75], P=0.003,
I>=30%), headache (RR 247, 95% Cl [1.41, 4.32], P=0.002,

I = 19%), hallucination (RR 15.35, 95% Cl [6.24, 37.34], P < 0.001,
I>=89%), and dizziness (RR 3.48, 95% Cl [2.68, 4.50], P <0.001,
1> = 89%) than the control group (Fig. 5).

SPRINGER NATURE

Subgroup analysis

Postoperative depression scores. Subgroup analysis for postopera-
tive depression scores between patients with and without
preoperative depression showed that ketamine had beneficial
effects on POD 1 on both patients with (SMD — 0.97, 95% ClI
[-1.56, —0.38], P=0.001, *=75%) and without preoperative
depression (SMD —1.01, 95% Cl [-1.51, —0.50], P<0.001,
I>=81%) compared with placebo (Supplementary Fig. 1A). As
most studies on postpartum depression focused on the long-term
outcomes after operation, we performed a subgroup analysis of
anesthesia type over the long term after operation. According to a
subgroup analysis of the anesthesia type, ketamine reduced
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Ketamine Control Std. Mean Difference Std. Mean Difference

tudy or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% Cl 1V, Random, 95% CI
3.1.1at POD1
Jiang M 2016 268 073 60 337 091 60 142%  -0.83[-1.20,-0.46] -
Kudoh A 2002 99 41 35 144 38 35 120%  -1.13[-1.63,-0.62] -
Lee C 2019 284 07 92 371072 95 151%  -1.22[-1.53,-0.91] -
Mostafa RH 2021 53 19 30 102 34 30 106%  -1.76[2.36,-1.15] -
Ren Q 2022 (0.1mglkg) 102 43 26 112 37 26 114% -0.25[-0.79, 0.30] = =
Wang J 2019 9.74 088 44 1039 068 46 132%  -0.82[1.25,-0.39] -
XuR 2017 1255 45 25 1864 383 25 102%  -1.43[-2.06,-0.81] -
Zhou Y 2021 17 9 4 210 9 43 132%  -044[-0.87,-0.01] ]
Subtotal (95% Cl) 353 360 100.0%  -0.97 [-1.27,-0.66] <&
Heterogeneity: Tau? = 0.14; Chi? = 24.96, df = 7 (P = 0.0008); I = 72%
Test for overall effect: Z = 6.18 (P < 0.00001)
3.1.2at POD3
Han YQ 2022 6 247 122 765 314 153 131%  -0.57[0.82,-0.33] -
Lee C 2019 264 056 92 364 067 95 128%  -1.61[-1.94,-1.28] e
Liu PR 2019 (Ketamine) 132 25 102 164 2 100 129%  -141[-1.72,-1.10] -
Mashour 2018 (0.5mg/kg) 51 498 130 49 43 137 131% 0.04[-0.20, 0.28] i
Ren Q 2022 (0.1mg/kg) 98 47 26 101 38 26 11.5% -0.07 [-0.61, 0.47] I
XuR 2017 1064 433 25 1627 445 25 111%  -1.26[-1.87,-0.65] - & -
XuY 2017 72 39 162 72 42 163 132% 0.00[-0.22,0.22) i
Zhou Y 2021 18 9 4 21 8 43 122% -0.35[-0.78, 0.08] .
Subtotal (95% Cl) 700 742 100.0%  -0.65[1.12,-0.17] D

Heterogeneity: Tau? = 0.43; Chi* = 125.62, df = 7 (P < 0.00001); I* = 94%
Test for overall effect: Z = 2.67 (P = 0.007)

3.1.3at POD7

Liu PR 2019 (Ketamine) 105 29 102 112 36 100 31.3%
Wang J 2019 736 086 44 748 066 46 14.0%
XuR 2017 1345 521 25 1736 625 26 7.3%
Yao JX 2020 75 22 153 82 2 155 47.4%
Subtotal (95% Cl) 324 326 100.0%

Heterogeneity: Tau? = 0.00; Chi? = 2.52, df = 3 (P = 0.47); I*= 0%
Test for overall effect: Z = 3.74 (P = 0.0002)

3.1.4 over the long term

Alipoor M 2021 1084 348 67 1309 379 67 9.2%
Han YQ 2022 638 267 12 762 344 153 13.2%
LuPR2019 (Ketamine) 95 29 102 11 38 100 116%
Ma JH 2019 49 43 327 555 55 327 175%
Mashour 2018 05mghkg) 4 416 130 45 442 137 13.3%
XuY 2017 56 39 162 57 43 163 143%
Yao JX 2020 73 2 153 75 22 155 14.0%
Zhou Y 2021 17 10 4 20 10 43 69%
Subtotal (95% Cl) 1104 1145 100.0%

Heterogeneity: Tau? = 0.02; Chi? = 16.97, df = 7 (P = 0.02); I*= 59%
Test for overall effect: Z = 3.53 (P = 0.0004)
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Fig. 3 The effects of perioperative application of ketamine on postoperative depression. Forest plots of the postoperative depression
rating scale in randomized controlled trials. Random-effects meta-analysis. POD postoperative day. Cl confidence interval. df degrees of

freedom.

postoperative depression scores over the long term in patients
with spinal anesthesia (SMD — 0.23, 95% Cl [-0.41, 0.05], P=0.01,
I =69%) and patients with general anesthesia (SMD — 0.29, 95%
Cl [-0.52, —0.07], P=0.01, I>=41%) (Supplementary Fig. 1B).
Additionally, both single-dose administration and continued
infusion of ketamine obviously relieved the postoperative
depression scores on POD 1 (SMD — 0.89, 95% Cl [—1.27, —0.50],
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P <0.001, I = 70%; SMD — 1.08, 95% Cl [-1.65, —0.51], P < 0.001,
I>=80%) (Supplementary Fig. 2A). Regarding the intervention
dose, ketamine demonstrated remarkable beneficial effects on
postoperative depression scores in the low-dose (<0.5mg/kg)
(SMD — 0.93, 95% Cl [—1.71, —0.15], P= 0.02, I> = 85%; 3 studies)
and high-dose (=0.5 mg/kg) groups (SMD — 1.04, 95% CI [—1.46,
—0.62], P <0.001, I> = 71%; 4 studies), as compared with placebo
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Std. Mean Difference

Std. Mean Difference

1V, Random, 95% ClI 1V, Random, 95% ClI

Ketamine Control

Study or Subgroup Mean SD Total Mean SD Total Weight
4.1.1 at POD1

XuR 2017 136 112 25 164 136 25 12.0%
Wang J 2019 39 041 44 446 038 46 124%
Ma JH 2019 185 08 327 177 08 327 13.1%
Liu PR 2019 (Ketamine) 34 07 102 4 08 100 12.9%
Lee C 2019 373 76 92 349 77 95 129%
Kudoh A 2002 121 211 35 249 3.09 35 123%
Jiang M 2016 217 024 60 375 042 60 11.5%
Han YQ 2022 17 08 122 24 1 153 13.0%
Subtotal (95% Cl) 807 841 100.0%

Heterogeneity: Tau? = 0.83; Chi? = 238.54, df = 7 (P < 0.00001); I* = 97%
Test for overall effect: Z = 2.82 (P = 0.005)

4.1.2at POD3
Xu'Y 2017 4 13 162 4 15 163 289%
XuR 2017 15 093 25 145 128 25 20.8%
LiuPR2019 (Ketamine) 27 06 102 32 07 100 27.5%
Kudoh A 2002 052 105 35 108 154 35 228%
Subtotal (95% Cl) 324 323 100.0%

Heterogeneity: Tau? = 0.16; Chi = 19.04, df = 3 (P = 0.0003); I* = 84%
Test for overall effect: Z = 1.32 (P = 0.19)

4.1.3 at POD7

XuR 2017 082 06 25 1.09 083 25 329%
Wang J 2019 098 018 44 145 02 46 329%
Liu PR 2019 (Ketamine) 13 02 102 13 02 100 34.2%
Subtotal (95% Cl) 17 171 100.0%

Heterogeneity: Tau? = 1.56; Chi? = 60.58, df = 2 (P < 0.00001); I* = 97%
Test for overall effect: Z = 1.26 (P = 0.21)

—_—
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Fig. 4 The effects of perioperative application of ketamine on postoperative pain. Forest plots of postoperative pain intensity in
randomized controlled trials. A Postoperative pain intensity. Random-effects meta-analysis. POD postoperative day, Cl confidence interval, df

degrees of freedom.

(Supplementary Fig. 2B). Subgroup analyses showed that mid-
azolam did not affect the effects of ketamine on postoperative
depression scores (Supplementary Fig. 3).

Adverse effects. Ketamine increased the risk of nausea and
vomiting (Supplementary Fig. 4A), headache (Supplementary
Fig. 4B), and hallucination (Supplementary Fig. 5A) compared
with placebo in the single-dose groups. Contrarily, there were no
significant differences when ketamine was continuously infused
(Supplementary Figs. 4, 5). Additionally, ketamine increased the
incidence of headache, hallucination, dizziness in patients without
midazolam premedication, whereas no significant difference was
found in patients with midazolam premedication (Supplementary
Figs. 6B, 7A, B). However, there was no significant difference
between ketamine group and control group in the incidence of
nausea and vomiting whether midazolam premedication is used
or not (Supplementary Fig. 6A). Subgroup analyses of adverse
effects with regard to anesthesia type showed that ketamine
increased the risk of nausea and vomiting (Supplementary Fig. 8A),
hallucination (Supplementary Fig. 9A) and dizziness (Supplemen-
tary Fig. 9B) in spinal anesthesia group than general anesthesia
group. There was no significant difference in the incidence of
headache between ketamine group and control group (Supple-
mentary Fig. 8B). These results suggest that continuous infusion
administration of ketamine with midazolam or other general
anesthetics could reduce the adverse effects of ketamine.

DISCUSSION
This meta-analysis of 3159 participants, including 1697 partici-
pants in the ketamine group and 1462 participants in the placebo

SPRINGER NATURE

group, showed that ketamine has a prophylactic effect on
postoperative depression. The results can offer valuable evidence
for making appropriate pharmacotherapy decisions in clinical
practice to improve perioperative depression.

In this meta-analysis, ketamine improved the postoperative
depression scores on PODs 1, 3, and 7 over the long term (up to
the 42nd day postoperatively). Previous studies have shown that
ketamine can produce rapid onset and sustained (>2 weeks)
antidepressant effects in treatment-resistant patients with depres-
sion after a single-dose administration [42, 43], corroborating the
findings of this review. However, the inconsistent results in the
meta-analysis should not be ignored. An international, multi-
center, double-blind, randomized study showed that intraopera-
tive injection of ketamine did not prevent depression or decrease
depressive symptoms after a major surgery in patients aged >60
years [23]. Additionally, Wang et al. [24] found that ketamine did
not make a significant difference in postoperative depression
scores, which could be attributed to the fact that patients in the
study were healthier with quite low baseline MADRS or BDI scores
compared with the patients in other studies. Additionally, the
MADRS and BDI are more suitable for patients with serious
depression rather than with mild depression. A further study is
required to clarify whether ketamine might prevent postoperative
depression.

The mechanisms underlying ketamine’s antidepressant effects
have not been fully elucidated. Accumulating preclinical data
suggest that neurotrophic and growth factors such as brain-
derived neurotrophic factor (BDNF) and transforming growth
factor B plays a key role in the antidepressant effects of ketamine
and its enantiomers [42-46]. In clinical studies, Jiang et al. showed
that the improvement in patients with postoperative depression
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Ketamine Control

Study or Subgroup Events Total Events Total Weight
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Risk Ratio
M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% CI

5.1.1 Nausea and vomiting
Han YQ 2022 17 122 18 153 14.3% 1.18 [0.64, 2.20] i
Jiang M 2016 12 60 13 60 11.6% 0.92[0.46, 1.86] S
Lee C 2019 20 92 15 95 13.2% 1.38[0.75, 2.52] ol
Liu PR 2019 (Ketamine) 26 102 27 100 24.4% 0.94 [0.59, 1.50] s
Ma JH 2019 62 327 30 327 26.8% 2.07[1.37,3.11] SE=
Wang J 2019 2 44 2 46 1.7% 1.05[0.15, 7.10]
XuR 2017 5 25 6 25 54% 0.83[0.29, 2.38] - =
XuY 2017 7 162 1 163 0.9% 7.04 [0.88, 56.60] T
Yao JX 2020 4 153 2 155 1.8% 2.03[0.38, 10.90] ]
Subtotal (95% CI) 1087 1124 100.0% 1.40 [1.12, 1.75] ‘
Total events 155 114
Heterogeneity: Chi? = 11.48, df = 8 (P = 0.18); I> = 30%
Test for overall effect: Z = 3.00 (P = 0.003)
5.1.2 Headache
Han YQ 2022 5 122 5 153 27.9% 1.25[0.37, 4.23] [ L
Mostafa RH 2021 7 30 6 30 37.7% 1.17 [0.44, 3.06] —
Wang J 2019 1 44 0 46  3.1% 3.13[0.13, 74.93]
XuR 2017 2 25 1 25 6.3% 2.00[0.19, 20.67]
Xu'Y 2017 8 162 1 163 6.3% 8.05[1.02, 63.63] -
Yao JX 2020 15 153 3 155 18.7% 5.07 [1.50, 17.15] -
Subtotal (95% Cl) 536 572 100.0% 2.47 [1.41, 4.32] >
Total events 38 16
Heterogeneity: Chi? = 6.14, df =5 (P = 0.29); I? = 19%
Test for overall effect: Z = 3.16 (P = 0.002)
5.1.3 Hallucination
Lee C 2019 2 92 0 95  9.9% 5.16 [0.25, 106.07]
Ma JH 2019 4 327 0 327 10.0% 9.00 [0.49, 166.49] ’
Mostafa RH 2021 2 30 0 30 10.0% 5.00 [0.25, 99.95]
Wang J 2019 2 44 0 46 9.8% 5.22[0.26, 105.81]
XuR 2017 2 25 2 25 40.2% 1.00 [0.15, 6.55] .
XuY 2017 37 162 0 163 10.0% 75.46[4.67,1218.52] — *
Yao JX 2020 24 153 0 155 10.0% 49.64 [3.05, 809.01] —_—
Subtotal (95% Cl) 833 841 100.0%  15.35[6.24, 37.74] .
Total events 73 2
Heterogeneity: Chi? = 11.70, df = 6 (P = 0.07); I> = 49%
Test for overall effect: Z = 5.95 (P < 0.00001)
5.1.4 Dizziness
Han YQ 2022 15 122 14 153 19.1% 1.34[0.68, 2.67] i o
Liu PR 2019 (Ketamine) 11 102 13 100 20.2% 0.83[0.39, 1.76] e I
Ma JH 2019 18 327 14 327 21.5% 1.29[0.65, 2.54] ==
Wang J 2019 5 44 1 46 1.5% 5.23[0.64, 42.98] = -
XuR 2017 5 25 8 25 12.3% 0.63 [0.24, 1.65] = =
Xu'Y 2017 113 162 16 163 24.5% 7.11[4.41,11.44] =
Yao JX 2020 56 153 0 155 0.8% 114.47[7.14,1836.14] _
Subtotal (95% CI) 935 969 100.0% 3.48 [2.68, 4.50] L 4
Total events 223 66
Heterogeneity: Chi? = 56.29, df = 6 (P < 0.00001); I* = 89%
Test for overall effect: Z = 9.43 (P < 0.00001)
0.01 0.1 1 10 100

Favours [Ketamine] Favours [control]

Fig. 5 Forest plots of adverse effects in randomized controlled trials. Random-effects meta-analysis. POD postoperative day, Cl confidence
interval, df degrees of freedom. A nausea and vomiting. B headache. C hallucination. D dizziness. Random-effects meta-analysis. Cl confidence

interval. df degrees of freedom.

after ketamine administration was associated with elevated serum
levels of BDNF [29]. The antidepressant effect of ketamine may be
linked to its immunomodulatory and anti-inflammatory effects, as
the inflammatory cytokine levels are always increased in surgical
patients [33, 47, 48]. Yang et al. reported that serum interleukin-6
could be a predictive biomarker for the antidepressant actions of
ketamine in treatment-resistant patients with depression [49].
Furthermore, ketamine is increasingly used as an analgesic for
perioperative pain. The link between depression and pain is
bidirectional, and both act as risk factors for each other [50, 51].
The analgesic effect of ketamine may be associated with its
antidepressant effect, as supported by our meta-analysis that
showed ketamine reduced pain intensity on POD 1. Nonetheless, a
further study on the underlying effect of ketamine on the link
between depression and pain is needed. In addition to NMDA
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receptor, ketamine is known to interact with opioid receptors [52].
Although a clinical study using small sample size suggested the
role of opioid receptor in the antidepressant effects of ketamine
[53], the role of opioid receptor system is debatable [54, 55]. Given
the analgesic effects of ketamine, it seems that opioid receptors
may play a role in the mechanisms of action on postoperative
pain. Nonetheless, further clinical study using opioid receptor
antagonist is needed to ascertain the role of opioid receptor
system in the mechanism of ketamine on postoperative depres-
sion. To further identify the population suitable for ketamine use,
we conducted a subgroup analysis of the antidepressant effect of
ketamine according to whether preoperative depression was
present and the different anesthesia types. We found that there
were no significant differences in ketamine’s antidepressant effect
between patients with and without preoperative depression.
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Furthermore, ketamine had antidepressant effects on both
patients who undergone surgery under spinal anesthesia and
general anesthesia. Contrarily, a recent meta-analysis by Wang
et al. [56] found that ketamine reduced the postoperative
depression scores on POD 3 in patients with preoperative
depression, whereas no significant difference was found in
nonrestrictive studies. The mixed results may be explained by
the latter meta-analysis including only two studies [23, 41].

It is not known whether the antidepressant effect of ketamine is
affected by concomitant use of general anesthetics. It is difficult to
analyze the effect of propofol, volatile anesthetics, and opioids
alone on the antidepressant effect of ketamine because these
anesthetics were used as most general anesthesia in this meta-
analysis. As an alternative, we performed subgroup analyses with
regard to spinal and general anesthesia to examine the total
influence of general anesthetics. The results showed that there
was no significant difference in antidepressant effect of ketamine
between spinal anesthesia and general anesthesia. Furthermore,
ketamine-related psychiatric adverse effects were observed when
it was administered alone [57], but the concurrent administration
of benzodiazepine can reduce these psychiatric adverse effects
[58]. In this meta-analysis, the subgroup analysis showed that
midazolam premedication could reduce the incidence of
ketamine-related headache, hallucination, and dizziness. Collec-
tively, the antidepressant effect of ketamine cannot be affected by
general anesthetics such as propofol, volatile anesthetics and
midazolam, but ketamine-related adverse effects can be amelio-
rated by midazolam.

The present meta-analysis revealed a higher risk of nausea and
vomiting, headache, visual hallucinations, and dizziness in those
receiving ketamine than in the controls. Almost all the previous
studies have shown a rapid-acting antidepressant effect of
ketamine (0.5 mg/kg over 40 min, IV); however, the optimal dose
of ketamine for the treatment of depression remains unknown. A
recent double-blind, placebo-controlled study using different
doses of ketamine (0.1, 0.2, 0.5, 1.0mg/kg, over 40 min, IV)
demonstrated the antidepressant efficacy of high doses (0.5 and
1.0 mg/kg) of ketamine [59]. However, the high doses of ketamine
caused more dissociative symptoms and elevated blood pressure
than the low doses [59]. The ketamine dose administered in the
included patients in the meta-analysis ranged from 0.1 to 1.0 mg/
kg, the most commonly used dose was 0.5 mg/kg. It is generally
believed that the adverse effects increase with increasing dose,
but there was no significant difference in the adverse reactions
between the high (=0.5 mg/kg) and low-dose (<0.5 mg/kg) groups
in the current meta-analysis. The possible reason is the multiple
effects of anesthesia and surgery on patients, which still needs
further study

Additionally, a subgroup analysis of safety found that contin-
uous infusion of ketamine could effectively reduce the adverse
effects related to ketamine compared with single-dose ketamine
administration while maintaining its antidepressant effect. Thus, it
is necessary to pay more attention to the optimal dose and
approach of ketamine for postoperative depression. Notably, the
(S)-enantiomer of ketamine, esketamine, has been increasingly
used in clinical settings, which showed more potent effects than
ketamine [60, 61] and has been shown to be effective in
treatment-resistant patients with depression [62, 63]. Contrarily,
increasing preclinical data suggest that arketamine, the (R)-
enantiomer of ketamine, could produce greater potency and
longer-lasting antidepressant-like actions in rodents than esketa-
mine and that the side effects of arketamine are lower than those
of esketamine and ketamine [55, 64, 65]. A single intravenous
infusion of arketamine (0.5 mg/kg) is reported to produce rapid
and sustained antidepressant actions in treatment-resistant
patients with depression, and the side effects (i.e., psychotomi-
metic and dissociative effects) of arketamine (0.5 mg/kg) were
much lower than those of esketamine (0.2 and 0.4 mg/kg) [63, 66].
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Therefore, future research is needed to compare the efficacy of
the perioperative application of esketamine and arketamine on
postoperative depression.

The findings of the present meta-analysis should be interpreted
with caution due to the following limitations, which are mostly
related to the weaknesses of the original trials. First, the total
sample size was relatively small, and heterogeneity in most
analyses was relatively high, which might be due to the fact that
most studies included had various types of anesthesia and
different administration methods and dosages, although corre-
sponding subgroup analyses were performed. Second, there was a
lack of standardization for patient selection and follow-up periods.
The assessed time point of postoperative depression varied
among studies. Hence, the precise time course of the effect of
ketamine on postoperative depression could not be evaluated.
Studies used for subgroup analyses with regard to midazolam
premedication were limited but it is consistent with previous
study [67] that midazolam can reduce the mental adverse effects
of ketamine. Finally, the scales used to assess postoperative
depression were different, which also increased the sources of
heterogeneity. Therefore, higher quality RCTs with a larger sample
size are needed to confirm whether perioperative application of
ketamine could improve the symptoms of postoperative depres-
sion and reduce postoperative pain intensity.

CONCLUSION

The current meta-analysis indicated that perioperative application
of ketamine is effective for reducing postoperative depression
scores and pain intensity. However, ketamine increases the risk of
nausea and vomiting, headache, hallucination, and dizziness
compared with placebo, especially after a single-dose administra-
tion. In future clinical practice, the optimal approach for achieving
the best antidepressant effect of ketamine with minimal adverse
effects remains a major challenge.
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