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Abstract

This meta-analysis aimed at exploring the impact of intravenous ketamine on pain relief and analgesic consumption in
patients undergoing bariatric surgery (BS). Literature searches identified nine eligible trials with 458 participants. Forest plot
revealed a significantly lower pain score [mean difference (MD)= — 1.06, p =0.005; 390 patients) and morphine consumption
(MD= —-3.85mg, p=0.01; 212 patients) immediately after BS in patients with intravenous ketamine than in those without.
In contrast, pooled analysis showed comparable pain score (p =0.28), morphine consumption (p =0.45) within 24 h, and
risk of postoperative nausea/vomiting (p =0.67) between the two groups. In conclusion, the meta-analysis demonstrated
improvements in pain outcomes immediately after surgery through perioperative intravenous ketamine administration despite
the absence of analgesic benefit in the late postoperative period and a positive impact on postoperative nausea/vomiting.
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Introduction

Key Points

ePain sensitivity and need for analgesics increased in patients
with obesity.

eWe studied intravenous (IV) ketamine at subanesthetic doses
in patients receiving BS.

o]V ketamine reduced pain score and opioid need in immediate
postoperative period.

o]V ketamine had no impact on pain in late postoperative
period and nausea/vomiting

Bariatric surgery (BS) has been reported to achieve sustain-
able weight loss and improve obesity-associated comorbidi-
ties (e.g., type 2 diabetes) and mortality [1, 2]. Although
increased availability of BS with laparoscopic approach may
be associated with less surgical pain and requirements for post-
operative opioid compared to open laparotomy [3], optimal
pain control in this patient population remains a challenge.
Compared with patients without obesity, pain sensitivity and
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analgesic requirement have been found to increase signifi-
cantly in patients with obesity [4, 5]. On the other hand, the
high prevalence of obstructive sleep apnea (OSA) [6] may
increase opioid-associated respiratory complications [7, 8] that
restrict opioid use according to perioperative guidelines for
this population [9, 10]. Therefore, the elevated pain sensitiv-
ity together with the restriction in perioperative opioids could
compromise postoperative pain control in patients with obe-
sity. The origins of postoperative pain in patients with abdomi-
nal surgeries are multiple, involving not only pain from the
abdominal wall but also that from the abdominal organs, which
are partly innervated by vagal fibers that induce sensitization in
the brainstem [11]. Accordingly, previous studies have advo-
cated multimodal pain management strategies as the optimal
regimen for patients undergoing major abdominal surgery [12]
and bariatric procedures [13]. Non-opioid analgesics, such as
nonsteroidal anti-inflammatory drugs [14], lidocaine [15],
dexmedetomidine [16], and pregabalin [17], are commonly
included in the combined regimens to reduce opioid-related
adverse events.

Ketamine, which exerts its physiologic effects primarily
through antagonism of voltage-gated N-methyl-D-aspartate
(NMDA) receptors [18], is widely used for induction and
maintenance in general anesthesia [19] as well as for analgesia
and procedural sedation in the emergency department [20] and
in the intensive care unit (ICU) [21]. In addition, ketamine has
been shown to have the clinical advantages of not only control-
ling postoperative pain [22] but also prolonging the time to
the first requirement of narcotic and reducing narcotic-related
side effects [23]. An attempt to minimize narcotic use in sur-
gical patients has led to an increased utilization of ketamine
in subanesthetic doses in the acute pain control setting [24].
Consistently, a number of review articles have demonstrated an
opioid-sparing effect of ketamine through its administration at
subanesthetic doses as a perioperative adjunct [25-27].

Despite availability of randomized controlled trials
(RCTs) [28, 29] to support the use of intravenous ketamine
at subanesthetic doses in patients undergoing BS, there were
still inconsistent findings [30] in current literature. There-
fore, examination of cumulative evidence is warranted to
guide its use in this patient population. The aim of the cur-
rent meta-analysis was to assess the efficacy of ketamine for
pain relief as well as reductions in analgesic consumption
and incidence of postoperative nausea/vomiting (PONV) in
patients undergoing BS. Potential side effects with the use
of ketamine were also explored.

Materials and methods

This meta-analysis was reported according to the recommen-
dations of Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement and was registered

with the International Prospective Register of Systematic
Reviews (CRD42021268730).

Eligibility criteria

Eligibility of RCTs for the current study was based on their
fulfillment of the PICO (i.e., patient, intervention, compari-
son, outcomes) criteria:

(a) Patient population: adult patients undergoing BS

(b) Intervention: perioperative use of intravenous ketamine
(bolus with or without infusion, alone, or with other
analgesics) as the intervention treatment regardless of
the timing of administration (e.g., intraoperatively or
postoperatively)

(c) Comparison: the use of placebo (e.g., normal saline) or
conventional analgesic regimens as a control

(d) Outcomes: postoperative pain assessment such as pain
score or opioid requirements

There were no restrictions on ketamine dose, patient
age, language, and the date of publication. On encountering
missing information, we contacted the authors for original
data. Exclusion criteria were (1) studies in which informa-
tion regarding pain-related outcomes was unavailable, (2)
observational designs (i.e., cohort studies, cross-sectional
studies, case—control studies), (3) studies published only as
either letters or abstracts, and (4) those using any form of
regional anesthesia or non-intravenous route (e.g., intraperi-
toneal route).

Search strategies for databases

We searched the EMBASE, Cochrane Library, Medline, and
Google scholar databases from their inception dates till July
22.2021. We used the search terms below to screen for eli-
gible records: (“Ketalar” or “Ketamine” or “NMDA receptor
antagonist”) and (“(Metabolic or bariatric or malabsorptive
or restrictive or obesity) adj4 (operation* or surgery* or
procedure* or technique*)” or “Gastric Bypass” or “Stom-
ach Stapling” or “Sleeve gastrectomy” or “Gastroplasty”
or “Jejunoileal Bypass” or “Roux-en-Y Gastric Bypass” or
“RYGB” or “gastric banding” or “weight loss” or “vertical
banded gastroplasty” or “biliopancreatic diversion”). The
search strategy is demonstrated in Supplemental Table 1.
Additional records were retrieved by scrutinizing the refer-
ence lists of the relevant studies.

Studies selection and data extraction
Two independent reviewers examined all abstracts for pos-

sible inclusion and exclusion based on the PICO criteria,
with identification of duplicates. Full text articles were
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further reviewed for eligibility. Discrepancies in decision
between the independent reviewers were settled through
discussion with an independent third party. The same pro-
cess was applied for data extraction and bias assessment.
The following data were retrieved from each RCT based
on a predesigned form: authors, year of publication, patient
characteristics (e.g., age), study setting, dosage of ketamine,
number of patients, timing (intraoperative or postoperative),
pain score, opioid requirement, type of surgery, incidence
of postoperative nausea/vomiting (PONYV), side effects
reported (e.g., hallucinations), and country.

Outcomes and definitions

Taking into consideration that the majority of postoperative
opioid-related morbidity occurs within the first postoperative
24 h [31], the primary outcome of the current meta-analysis
was opioid requirement within postoperative 24 h. The sec-
ondary outcomes were pain score or analgesic requirement
immediately after surgery (e.g., postoperative 1 h) and risk
of PONV. Other adverse events associated with ketamine use
were also reviewed if they were reported in individual stud-
ies. Subgroup analysis was performed based on the type of
surgery (i.e., laparotomy vs. laparoscopy) to explore whether
this factor might influence the efficacy of ketamine in post-
operative pain management and contribute to heterogeneity.
The risk of PONV was computed as the relative risk (RR)
with the random effects model according to the incidence of
postoperative nausea or vomiting without considering the
time of occurrence. If nausea and vomiting were described
as separate outcomes, the higher of the two numbers (i.e.,
number of patients with either symptom) was recorded.
For a unified assessment of the outcome on pain, we trans-
formed all data from visual analog scale (VAS) 0-10 cm,
VAS 0-100 mm, numerical rating scale (NRS) 0-10, and
verbal rating scale (VRS) 0-10 into VAS 0-10 cm.

Risks of bias assessment

The risk of bias was ranked as “low,” “unclear,” or “high” in
accordance with the following domains: random sequence
generation, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment, incomplete
outcome data, selective reporting, and other biases. We
considered the risk of “selective outcome reporting” bias
to be “unclear” for not previously registered protocols of
the included trials. In addition, the sources of funding were
scrutinized for the potentials of other biases. Disagreements
were solved through discussion. The overall risk of bias of
all the included studies and the risk of bias of individual
studies were investigated.

@ Springer

Data synthesis

We conducted data synthesis with the Cochrane Review
Manager (RevMan 5.3; Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration, 2014). Data from at
least two trials were pooled for an outcome. If dichotomous
data could be pooled, we performed a meta-analysis using
the Mantel-Haenszel random-effects model assuming clini-
cal heterogeneity across the included studies followed by the
calculation of a relative risk (RR) with a 95% confidence
interval (CI). Outcomes of continuous data were presented
as a weighted mean difference (MD) with 95% CI after
weighting in accordance with the inverse variance method
and pooling using a random-effects model [32]. For data
reported as only medians and interquartile ranges (IQR), we
assumed a normal distribution and calculated the standard
deviation (SD) using SD =IQR/1.349 as described in previ-
ous meta-analyses [33]. The potential impact of the find-
ings from an individual trial on the overall outcome was
evaluated with sensitivity analysis using a leave-one-out
approach. Heterogeneity was statistically assessed with I
statistic, and substantial heterogeneity was predefined as an
12 over 50%, for which the effect of the contributing study
on the overall result of that particular outcome was assessed
with sensitivity analysis to determine the impact of hetero-
geneity on that outcome. A potential publication bias was
visually assessed with a funnel plot after identifying 10 or
more trials reporting on a specific outcome. A probability
value less than 0.05 was considered statistically significant
for all analyses.

Results
Study selection

The study selection process is shown in Fig. 1. A total of 130
records were available from database search. After removing
duplicates and records that did not meet the inclusion crite-
ria for PICO, we identified 18 potentially eligible trials for
a more detailed review. After analyzing the full text, eight
studies were excluded because of non-RCTs (case report,
n=2; letter, n=1), only abstract available (n=4), non-rele-
vant publication (n= 1), and intraperitoneal ketamine as the
intervention (n=1). Finally, nine RCTs met the inclusion
criteria for our analysis [28-30, 34-39].

Study characteristics

A total of nine RCTs involving 458 participants published
between 2003 and 2021 were included. The characteristics
of the included RCTs are demonstrated in Table 1. The
mean or median age ranged from 27 to 46 years [28-30,
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Fig. 1 Meta-analysis flowchart . oo
fog selecting eligi}{)le studies Records identified through - . oo
database search Additional records identified
Embase (n = 62) through other sources
Medline (n = 18) (n=24)
Cochrane (n = 26)
l |
]
Records identified (n = 130)
|; Duplicated records excluded (n = 33)
Records after duplicates
removed (n = 97)
b Excluded by title and abstract (n = 79)

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

Articles excluded (n = 9)

* Letter (n=1)
* Case report (n = 2)
« Abstract only (n = 4)

Studies included in:

* Non-relevant publication (n = 1)
« Intraperitoneal ketamine as the
intervention (n = 1)

34-36, 38, 39], while one study did not provide informa-
tion on age [37]. The mean or median body mass index
(BMI) ranged from 40 to 56 kg/m? across the studies.
Laparoscopic approach was performed in six RCTs [29,
30, 35-37, 39], while open laparotomy was performed in
the other three trials [28, 34, 38]. The surgical time varied
among the included studies, ranging from 47 to 198 min.
Intravenous ketamine was administered intraoperatively
in eight studies [28-30, 34—-38] and in the post-anesthetic
care unit in one trial [39]. Racemic ketamine was used
in eight RCTs [28-30, 34-37, 39], and S-ketamine was
administered in one trial [38]. Ketamine was used as a
single agent in five trials [30, 34, 36, 37, 39] and as a
component of a combined regimen in four studies [28, 29,
35, 38]. Normal saline was used in the control group in
three trials [30, 34, 39] and opioid-based regimens served
as the control group in six studies [28, 29, 35-38]. For
maintenance in general anesthesia, seven studies used
inhalation agents [28, 30, 34-36, 38, 39] and one chose
total intravenous anesthesia [29]. However, one study did
not specify this information [37].

Although psychotomimetic adverse events were lacking
in six studies [28-30, 34, 35, 37](supplemental table 2),
two studies reported the occurrence of hallucinations in
7.14% [36] and 4.5% [39] of patients receiving ketamine,
respectively. In contrast, one study on patients undergoing
open gastric bypass mentioned that two of the 15 patients
in the control group remained intubated during their stay
in the postanesthesia care unit (PACU), while no patient
required prolonged intubation in the ketamine group [28].

E Qualitative synthesis (n = 9)

Risk of bias assessment

Results of the risk of bias assessment are shown in Fig. 2.
The sequence generation for randomization and allocation
concealment were adequate in eight and five studies, respec-
tively, while the former was unavailable in one study [35]
and the latter was unavailable in four studies [29, 34-36].
Performance bias and detection bias were unclear in four
[28, 29, 35, 38] and two [35, 38] studies, respectively, as
these studies did not provide relevant information. Attri-
tion bias was considered to be low in all studies (supple-
ment table 3). Reporting bias was unclear in six studies [28,
29, 34-36, 38] that did not provide detail regarding trial
registration. The risk of other bias of two studies that did
not give information regarding conflict of interest [28, 29]
was considered to be unclear. Detailed information on bias
assessment of the included studies is shown in supplemental
Table 3 and Fig. 3.

Synthesis of results
One-hour postoperative pain score

Pooled results revealed a significantly lower pain score in the
ketamine group than that in the control group (MD = —1.06,
95% CI: —1.81 to—0.31, p=0.005; I°=87%; 7 RCTs;
n=390) (Fig. 4)[28-30, 35, 37-39]. However, sensitivity
analysis revealed a loss of the significant therapeutic ben-
efit when one study was removed [38]. The heterogeneity
was high for this outcome. Exclusion of an outlier study
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Table 1 Characteristics of included studies (n=9)

Mean age Female (%) Patients (N) Mean BMI Type of Surgical time Dosage of Anesthesia Country
(years) (kg/m2) surgery (minutes) ketamine
Kvs.C Kvs. C
Adhikary 40 vs. 44+ NA 74 45 vs. 441 LGS 53 vs. 59% 0.5 mg/kg Inhalation USA
2021 [30]
Feld 2003 44 vs. 41 73.3 30 56 vs. 54 Open gastric 198 vs. 198 0.17 mg/kg/h  Inhalation USA
[28] bypass
Hasanein 29 vs. 27 46.7 60 42 vs. 40 LRYGB 156 vs. 159 1 pg/kg/min - TIVA Egypt
2011 [29]
Jabbour 2020 32 vs. 33 52.5 40 45 vs. 41 OAGB 128 vs. 114 0.2 mg/kg Inhalation Lebanon
[34] followed by
a continuous
infusion of
0.15 mg/
kg/h
Kasputyte 45 vs. 46% 71.9 32 44 vs. 45% Laparoscopic 78 vs. 89% 0.15 mg/kg Inhalation Lithuania
2020 [35] bariatric
surgery
Mansour 31 vs. 30 NA 28 45 vs. 47 LSG 47 vs. 51 0.5 mg/ Inhalation Egypt
2013 [36] kg bolus
followed
by 0.5 mg/
kg/h
Mehta 2021 NA 81.5 54 47 vs. 42 LRYGB 111 vs. 110 20 mg bolus, NA USA
[37] followed by
a 5 mg/kg/
min
Sollazzi 2009 36 vs. 41 64 50 53 vs. 54 Open bili- 168 vs. 150 0.5 mg/kg Inhalation Italy
[38] opancreatic
diversion
Wang 2019 40 vs. 41% 68.9 90 44 vs. 42% Laparoscopic 103 vs. 113 0.4 mg/kg Inhalation USA
[39] gastric
bypass or
gastrectomy

K ketamine, C control, fdata are presented as median, LGS laparoscopic gastric sleeve, BMI body mass index, OAGB open one anastomosis gas-
tric bypass surgery, LRYGB laparoscopic Roux Y gastric bypass, NA not available, T/VA total intravenous anesthesia

[29] from the summary estimate still revealed a lower pain
score MD= —0.61,95% CI. — 1.0 to— 0.22, p=0.002) with
a reduction of heterogeneity down to 48%, suggesting that
heterogeneity did not significantly impact the result of this
particular outcome. Subgroup analysis of the impact of sur-
gical procedures (e.g., laparotomy vs. laparoscopy) on pain
score showed no significant difference (p =0.92), indicating
that the benefits of intravenous ketamine were comparable
between the two surgical populations.

Morphine consumption within 6 postoperative hours

Regarding analgesic requirement within a 6-h postoperative
period, our finding revealed a significantly lower morphine
consumption in the ketamine group than that in the control
group (MD = —3.85 mg, 95% CI: —6.77 to— 0.92, p=0.01;
I>=85%; 5 RCTs; n=212) (Fig. 5)[28, 29, 34, 35, 38]. Omit-
ting certain trials had no significant impact on this outcome

@ Springer

on sensitivity analysis. The heterogeneity was high for this
outcome. Exclusion of an outlier study [38] from the sum-
mary estimate showed a consistent finding (MD= —1.73,
95% CI: —2.82 to—0.63, p=0.002) with a statistical hetero-
geneity down to 9%, indicating a non-significant contribu-
tion of heterogeneity to the overall result. Subgroup analysis
showed no significant difference (p =0.43), suggesting that
the positive impact of intravenous ketamine on postoperative
immediate analgesic requirement was not affected by differ-
ent surgical populations.

Pain outcomes at postoperative 12-24 h

Although forest plot demonstrated no significant difference
between the ketamine group and the control group in the
impact on pain score (MD= —0.24, 95% CI: —0.69 to 0.2,
p=0.28; I>=66%; 4 RCTs; n=244) (Fig. 6)[28, 30, 38, 39],
sensitivity analysis revealed a significant reduction in pain
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score associated with ketamine administration compared to
that in the control group when one study was removed [38].
The heterogeneity was high for this outcome. The finding
was consistent after exclusion of an outlier study [39] from
the summary estimate (MD = —0.01, 95% CI: —0.34 to 0.35,
p=0.96) with a statistical heterogeneity being reduced to
0%, denoting a non-significant contribution of heterogeneity
to the overall finding. Subgroup analysis showed no sig-
nificant difference (p =0.24), implying that the impact of
intravenous ketamine on this outcome was not influenced
by either laparoscopic or laparotomy BS.

Morphine consumption at postoperative 16-24 h

Despite the association of perioperative intravenous
ketamine with a lower morphine consumption (i.e.,
MD = —4.98 mg) at postoperative 16-24 h compared to
that in the control group according to the pooled results,
this difference was not significant (95% CI: —17.8 to 7.84,

@ | Blinding of participants and personnel (performance bias)

p=0.45; 1’=90%:; 5 RCTs; n=258) (Fig. 7)[28-30, 34,
37]. Sensitivity analysis showed no significant influence on

. Selective reporting (reporting bias)

@ | Other bias

@ | @ | Allocation concealment (selection bias)

this outcome by omitting certain trials. The heterogeneity
was high for this outcome. Exclusion of an outlier study

~)
=~

[29] from the summary estimate demonstrated a consistent
finding MD=3.2,95% CI: —2.56 to 8.95, p=0.28) with a

. . . . Random sequence generation (selection bias)

® | ® | @ | @ |Biinding of outcome assessment (detection bias)

statistical heterogeneity being reduced to 47%, implying a

non-significant role of heterogeneity in the overall result.
Subgroup analysis demonstrated no significant difference

-~

(p=0.11), suggesting that different surgical procedures had
no impact on this outcome.

Postoperative nausea and vomiting

Adhikary 2021
Feld 2003 ?
Hasanein 2011 ?2(?
Jabbour 2020 2 | @
Kasputyte 2020 | (2 [ (2?2 | ?
Mansour 2013 . 2 .
Mehta 2021 | @ | @ | @
Sollazzi 2009 | @ | @ | 2
wang2019 | @ | @ | @

Analysis of the five RCTs with information on PONV
showed no significant difference in risk between the ket-

. . . . . . . . . Incomplete outcome data (attrition bias)
-~
® 0666 e -

amine and control groups (RR=1.13, 95% CI: 0.64 to 2,

Fig.2 Risks of bias of individual studies

p=0.67,1>=0%; n=264) (Fig. 8)[29, 35-37, 39]. Omitting
certain trials had no significant impact on this outcome on
sensitivity analysis.

Fig.3 Overall risks of bias of
the nine included studies

Random sequence generation (selection bias) _:l
Allocation concealment (selection bias) _:I
e
Blinding of outcome assessment (detection bias) —:l
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _ |

otherbias MMM |

0% 25% 50% 75%  100%

Blinding of participants and personnel (performance bias)

. Low risk of bias |:| Unclear risk of bias . High risk of bias
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Ketamine Placebo Mean Difference Mean Difference
r r Mean D Total Mean D Total Weight IV, Random, 95% Cl IV, Random, 95% ClI
1.3.1 Open laparotomy
Feld 2003 53 26 15 6.1 2.1 15  10.3% -0.80 [-2.49, 0.89] I
Sollazzi 2009 4 08 23 5 06 27 20.8% -1.00 [-1.40, -0.60] -
Subtotal (95% Cl) 38 42 311%  -0.99 [-1.38, -0.60] L 4
Heterogeneity: Tau? = 0.00; Chi? = 0.05, df = 1 (P = 0.82); 1= 0%
Test for overall effect: Z = 5.01 (P < 0.00001)
1.3.2 Laparoscopy
Adhikary 2021 57 38 37 6.3 3.1 37 11.1% -0.60 [-2.18, 0.98] - |
Hasanein 2011 2 08 30 6 3.1 30 14.5% -4.00 [-5.15, -2.85] —
Kasputyte 2020 33 49 15 23 24 17  5.6% 1.00 [-1.73, 3.73]
Mehta 2021 07 15 27 13 22 27 15.8% -0.60 [-1.60, 0.40] N
Wang 2019 5.12 0.36 44 55 0.31 46  21.99 -0.38 [-0.52, -0.24 -
Subt%tal (95% CI) 153 157 68.9"//: -1.07 [[-2.47, 0.33]] —l—
Heterogeneity: Tau? = 2.05; Chi? = 39.01, df = 4 (P < 0.00001); I* = 90%
Test for overall effect: Z = 1.49 (P = 0.14)
Total (95% CI) 191 199 100.0%  -1.06 [-1.81, -0.31] -
Heterogeneity: Tau? = 0.66; Chi? = 46.12, df = 6 (P < 0.00001); I2 = 87% 4 2 5 2 i

Test for overall effect: Z = 2.78 (P = 0.005)
Test for subgroup differences: Chi? = 0.01, df =1 (P = 0.92), 1= 0%

Favours [Ketamine] Favours [Placebo]

Fig.4 Forest plot comparing pain score at 1 h between ketamine and control groups. CI, confidence interval; IV, inverse variance

Ketamine Placebo
Study or Subgroup Mean SD Total Mean SD Total Weight
1.2.1 Open laparotomy
Feld 2003 52 26 15 78 33 15 21.8%
Jabbour 2020 2.55 1.99 20 355 225 20 23.5%
Sollazzi 2009 138 57 23 252 78 27 17.5%
Subtotal (95% CI) 58 62 62.8%

Heterogeneity: Tau? = 14.98; Chi? = 26.41, df = 2 (P < 0.00001); I = 92%
Test for overall effect: Z = 1.97 (P = 0.05)

1.2.2 Laparoscopy

Hasanein 2011 6.3 10.6 30 104 14 30 17.3%
Kasputyte 2020 81 3.9 15 9.8 44 17 19.9%
Subtotal (95% Cl) 45 47 37.2%

Heterogeneity: Tau? = 0.00; Chi? = 0.97, df =1 (P = 0.33); I? = 0%
Test for overall effect: Z =2.19 (P = 0.03)

Total (95% CI) 103 109 100.0%
Heterogeneity: Tau? = 9.04; Chi? = 27.43, df =4 (P < 0.0001); 1> = 85%
Test for overall effect: Z = 2.58 (P = 0.010)

Test for subgroup differences: Chi? = 0.62, df =1 (P = 0.43), I? = 0%

Mean Difference

Mean Difference

IV, Random, 95% ClI IV, Random, 95% ClI
-2.60 [-4.73, -0.47] —
-1.00 [-2.32, 0.32] =
-11.40 [-15.15, -7.65] —
-4.64 [-9.26, -0.03] -
-4.10[-7.93, -0.27] —
-1.70 [-4.58, 1.18] —T
-2.57 [-4.87, -0.27] 2
-3.85 [-6.77, -0.92] -
-20 -10 0 10 20

Favours [Ketamine] Favours [Placebo]

Fig.5 Forest plot comparing morphine consumption within six postoperative hours between ketamine and control groups. CI, confidence inter-

val; IV, inverse variance

Discussion

Acute pain management is an essential component of
perioperative anesthetic care. Although opioids remain
the mainstay strategy for acute pain control, opioid-based
regimens are associated with the clinical concerns of
potential side effects, opioid tolerance, and drug interac-
tions [25]. Current practice guidelines advocate the use
of multimodal analgesia to reduce opioid-related compli-
cations [13]. Intravenous ketamine has gained popularity
in postoperative pain care; therefore, clarification of its

@ Springer

efficacy in patients undergoing BS is warranted. The cur-
rent meta-analysis demonstrated an association of periop-
erative ketamine use with a significantly lower opioid con-
sumption within postoperative 6 h and reduced pain score
within 1 h after BS compared to those in the control group.
However, ketamine administration had no impact on post-
operative morphine consumption at 16—24 h, pain score at
12-24 h, or risk of PONV. Subgroup analysis indicated no
significant impact of the type of surgery (i.e., laparotomy
vs. laparoscopy) on these pain-related outcomes. Never-
theless, the evidence supporting the beneficial effects of
ketamine against acute postoperative pain that occurred
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Ketamine Placebo
Study or Subgroup Mean SD Total Mean SD Total Weight
1.4.1 Open laparotomy

Feld 2003 54 29 15 55 22 15  52%
Sollazzi 2009 2 04 23 2 09 27 354%
Subtotal (95% CI) 38 42  40.6%
Heterogeneity: Tau? = 0.00; Chi? = 0.01, df = 1 (P = 0.92); I = 0%

Test for overall effect: Z = 0.02 (P = 0.98)

1.4.2 Laparoscopy

Adhikary 2021 33 23 37 32 19 37 14.8%
Wang 2019 3.92 0.41 44 449 0.37 46 44.6%
Subtotal (95% CI) 81 83 59.4%

Heterogeneity: Tau? = 0.10; Chi? = 1.81, df =1 (P = 0.18); 1> = 45%
Test for overall effect: Z = 1.43 (P = 0.15)

Total (95% ClI) 119 125 100.0%
Heterogeneity: Tau? = 0.11; Chi? = 8.95, df = 3 (P = 0.03); |2 = 66%

Test for overall effect: Z = 1.08 (P = 0.28)

Test for subgroup differences: Chi? = 1.40, df =1 (P = 0.24), 1> =28.7%

Mean Difference
IV, Random, 95% Cl

-

Mean Difference
1V, Random, 95% CI

-0.10 [-1.94, 1.74]

0.00 [-0.38, 0.38]
-0.00 [-0.37, 0.37]

0.10 [-0.86, 1.06] - I —
-0.57 [-0.73, -0.41]
-0.41 [-0.97, 0.15] -

-0.24 [-0.69, 0.20]

-2 -1 0 1 2
Favours [Ketamine] Favours [Placebo]

Fig.6 Forest plot comparing pain score at postoperative 12—-24 h between ketamine and control groups. CI, confidence interval; IV, inverse vari-

ance

Ketamine Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
1.1.1 Open laparotomy
Feld 2003 431 253 15 413 18 15 17.2% 1.80 [-13.91, 17.51] -
Jabbour 2020 19.73 13.58 20 127 8.76 20 21.7% 7.03 [-0.05, 14.11] 8
Subtotal (95% CI) 35 35 38.9% 6.15 [-0.31, 12.60] \ g
Heterogeneity: Tau? = 0.00; Chi? = 0.35, df = 1 (P = 0.55); I?= 0%
Test for overall effect: Z = 1.87 (P = 0.06)
1.1.2 Laparoscopy
Adhikary 2021 343 177 37 277 116 37 21.8% 6.60 [-0.22, 13.42] I~
Hasanein 2011 6.1 40 30 474 8 30 17.8% -41.30[-55.90, -26.70] -
Mehta 2021 11.6 139 27 157 145 27 2159 -4.10 [-11.68, 3.48 —T
Subtotal (95% CI) 94 94 61.1“//7, -11.84 [[-33.13, 9.44]] -
Heterogeneity: Tau? = 327.36; Chi? = 34.14, df = 2 (P < 0.00001); I> = 94%
Test for overall effect: Z = 1.09 (P = 0.28)
Total (95% ClI) 129 129 100.0% -4.98 [-17.80, 7.84] *
Heterogeneity: Tau? = 184.30; Chi? = 39.28, df = 4 (P < 0.00001); I> = 90% 100 _5’0 5 5’0 ] 00‘

Test for overall effect: Z=0.76 (P = 0.45)
Test for subgroup differences: Chi? = 2.51, df = 1 (P = 0.11), I = 60.2%

Favours [Ketamine] Favours [Placebo]

Fig.7 Forest plot comparing morphine consumption at postoperative 1624 h between ketamine and control groups. Std: standardized; CI, con-

fidence interval; IV, inverse variance

immediately (i.e., within 1 h) and at 12-24 h was weak due
to inconsistent findings on sensitivity analysis.

Previous animal experimental studies have demonstrated
that ketamine acts on opioid receptors [40] and may exert its
analgesic/anti-hyperalgesic action through immunomodula-
tion [41]. Clinically, ketamine has been shown to improve
the efficacy of opioids, prevent the development of opioid
tolerance and spinal sensitization, as well as reduce the risk
of chronic pain syndromes [41, 42]. When used at low doses
(e.g., 0.05-0.3 mcg/kg/min), ketamine shows specific affin-
ity for the postsynaptic NMDA receptor in the dorsal horn of
the spinal cord [43]. A previous review article has attributed
the postoperative morphine-sparing and anti-hyperalgesic

effects of ketamine to its “low-dose” regimen and high-
lighted the additive effect of combining ketamine with opi-
oids in the treatment of postoperative pain [41]. In addition
to the opioid-induced reduction in overall neurotransmit-
ter release through enhancing presynaptic inhibition at the
first and second sensory neurons of the spinal cord, NMDA
receptor inhibitors (e.g., ketamine) further blunt the metabo-
tropic response to activation in the second sensory neuron
and minimize the postsynaptic effects of glutamate release
[41]. Therefore, taking into account the potential additive
effects of combining ketamine and opioids in the treatment
of postoperative pain [41], the pros and cons of such combi-
nations have been widely investigated [44, 45]. In contrast,
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Ketamine Placebo Risk Ratio Risk Ratio

Study or Subgroup _Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

2.1.1 Laparotomy

Subtotal (95% CI) 0 0 Not estimable

Total events 0 0

Heterogeneity: Not applicable

Test for overall effect: Not applicable

2.1.2 Laparoscopy

Hasanein 2011 2 30 3 30 11.0% 0.67 [0.12, 3.71] -

Kasputyte 2020 7 15 5 17  38.9% 1.59 [0.64, 3.96] T

Mansour 2013 2 15 3 13 12.3% 0.58 [0.11, 2.94] -

Mehta 2021 6 27 5 27  28.9% 1.20[0.42, 3.46] N L

Wang 2019 2 44 2 46 8.9% 1.05[0.15, 7.10]

Subtotal (95% CI) 131 133 100.0% 1.13 [0.64, 2.00] .

Total events 19 18

Heterogeneity: Tau? = 0.00; Chi? = 1.59, df =4 (P = 0.81); = 0%

Test for overall effect: Z = 0.43 (P = 0.67)

Total (95% CI) 131 133 100.0% 1.13 [0.64, 2.00] -

Total events 19 18

Heterogeneity: Tau? = 0.00; Chi? = 1.59, df = 4 (P = 0.81); I = 0% 0.65 sz I 5 2’0

Test for overall effect: Z=0.43 (P = 0.67)
Test for subgroup differences: Not applicable

Favours [Ketamine] Favours [Placebo]

Fig.8 Forest plot comparing the risk of postoperative nausea and/or vomiting (PONV) between lidocaine and control groups. CI, confidence

interval; RR, risk ratio; M-H, Mantel-Haenszel

the use of ketamine at higher doses is less desirable due to
adverse effects, such as hallucinations, nightmares, nausea,
dizziness, and blurred vision [41].

Adequate pain control immediately following BS is
important as inadequate pain management may prevent deep
breathing, leading to basal lung atelectasis in this patient
population [3]. A previous study has demonstrated a posi-
tive correlation between the effectiveness of postoperative
analgesia with improvements in postoperative pulmonary
function tests among patients with morbid obesity receiving
abdominal surgery [3]. Besides, pain has also been linked
to other undesirable outcomes, including an increased myo-
cardial oxygen consumption [46]. Therefore, current evi-
dence supports the prevention of pulmonary morbidity (e.g.,
atelectasis and pneumonia) and the optimization of hemody-
namics through optimal pain control [47]. The established
positive association of obesity with risk of cardiovascular
diseases and associated mortality [48] further underscores
the importance of optimal pain control in this patient popu-
lation. Our results demonstrated that the use of ketamine
significantly decreased the pain score during the immediate
postoperative period (i.e., within 1 h) and opioid require-
ment within postoperative 6 h despite weak evidence on the
former, suggesting that perioperative ketamine may enhance
the actions of conventional analgesics in the acute postopera-
tive setting. Our results were partly consistent with those in
arecent meta-analysis [27] that showed the effectiveness of
intravenous ketamine for reducing the resting pain scores at
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4,12, and 24 h as well as opioid requirements at 4 and 12 h
after surgery in the general population.

Optimal pain management is one of the important com-
ponents of the Enhanced Recovery after Surgery (ERAS)
program [49] that aims at improving short-term recovery and
reducing consumption of hospital-related resources. In addi-
tion, optimal pain management may also shorten the time
to full ambulation, reducing the risk of venous thromboem-
bolism (VTE) after BS [50, 51]. The current meta-analysis
showed that perioperative intravenous ketamine did not sig-
nificantly reduce the postoperative pain score and opioid
consumption at 12-24 h and 16-24 h, respectively. Our find-
ings were consistent with those in a previous meta-analysis
involving non-bariatric surgeries that failed to demonstrate
significant postoperative ketamine-related reductions in opi-
oid dosage and pain scores after the first 24 h [27]. Despite
its limited benefit at postoperative 12-24 h in the current
study, the analgesic effect of intravenous ketamine immedi-
ately after surgery still supports its use in this patient popula-
tion. Taking into consideration its limited efficacy at post-
operative 24 h, intravenous ketamine and other non-opioid
analgesics (e.g., nonsteroidal anti-inflammatory drugs [14]
may be used in combination for multimodal analgesia to
enhance analgesic efficacy. Because intravenous ketamine
was administered intraoperatively in eight of the nine studies
included in the current meta-analysis, further investigations
are warranted to explore its efficacy when administered in
the postoperative setting.
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A previous review article focusing on a variety of sur-
geries reported the highest efficacy of ketamine for opioid
reduction in patients receiving thoracic, upper abdominal,
and major orthopedic procedures compared to those under-
going other surgeries [25]. Although it seems reasonable to
speculate that the analgesic efficacy of intravenous ketamine
for reducing opioid requirement would be more conspicuous
in patients receiving laparotomy compared to those choos-
ing the laparoscopic approach as the former is believed to
be more painful than the latter [3], the current meta-analysis
did not show a significant impact of the type of surgical
approach on the patients’ pain score or opioid consumption
at all time points. Despite the unknown reasons, the findings
suggested that intraoperative intravenous ketamine may still
be beneficial and could be routinely used in patients under-
going laparoscopic BS.

Although the current meta-analysis did not demonstrate
a correlation between the use of perioperative intravenous
ketamine and the risk of PONV, another meta-analysis
of 130 studies with 8341 participants undergoing differ-
ent operations reported a small but significant association
between intravenous ketamine and a reduction in risk of
PONYV compared to that in the placebo group [52]. Despite
the lack of numerical data to examine evidence linking
ketamine use to the incidence of psychotomimetic adverse
events, relevant descriptions available in six out of the nine
included studies did not report a significant association
between low-dose ketamine use and hallucinations (supple-
ment table 2). Therefore, our findings were consistent with
those of a recent meta-analysis that showed no significant
correlation between the administration of ketamine and an
increased risk of PONV and psychotomimetic adverse events
[27]. Nevertheless, because of the limited number of trials
analyzed in the present meta-analysis, further studies are
needed to support our findings.

There were several limitations in the current meta-analy-
sis. First, in spite of the documented sympathomimetic (i.e.,
cardiovascular stimulatory) properties of ketamine [53] and
the known association between obesity and cardiovascular
disease [54], the present study was unable to address the
safety issue regarding ketamine use. Second, heterogeneity
among studies was significant (i.e., I > 50%) for four of the
outcomes (i.e., 1-h postoperative pain score, morphine con-
sumption within six postoperative hours, pain outcomes at
postoperative 12-24 h, and morphine consumption at post-
operative 16-24 h). Such heterogeneity may have resulted
from variations in methodologies and clinical factors across
the studies. After exclusion of the outlier study for each
outcome, the degree of heterogeneity dropped below 50%
without a negative impact on the outcomes, indicating heter-
ogeneity did not significantly impact the overall results. The
consistent findings supported the application our results in
clinical practice. Third, despite the wide support of low-dose

ketamine use in the treatment of postoperative pain from
current literature, there is no consensus on the definition of
“low-dose” ketamine [41, 55]. Fourth, since only short-term
pain outcomes were available in the current study, investiga-
tion into the long-term effect (e.g., chronic surgical pain) of
ketamine was not feasible. Fifth, outcomes regarding postop-
erative hyperalgesia were unavailable because not all studies
provided the relevant information. Finally, the limited data
in current meta-analysis warrant further studies to support
our findings.

Conclusions

This meta-analytical study is the first to assess the asso-
ciation of perioperative ketamine use with postoperative
opioid consumption and changes in pain score in patients
undergoing bariatric surgeries. The results demonstrated a
correlation between perioperative ketamine use and a sig-
nificantly lower opioid consumption within postoperative 6 h
and a reduced pain score within 1 h after surgery compared
to those in the control group. Nevertheless, ketamine use
had no impact on postoperative morphine consumption at
16-24 h, pain score at 12-24 h, and the risk of postoperative
nausea/vomiting. The limited number of trials included in
the present investigation warrants further large-scale studies
to validate our findings.
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