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Abstract: Background: Neurocognitive alterations in the perioperative period might be caused by a
wide variety of factors including pain, blood loss, hypotension, hypoxia, micro- and macroemboli,
cardiopulmonary bypass (CPB), reperfusion damage, and surgery itself, and all are risk factors
for developing postoperative delirium (POD) and postoperative cognitive dysfunction (POCD).
The objective of this study was to evaluate the effect of ketamine on neurocognitive dysfunction
after anesthesia. Methods: We conducted a meta-analysis of randomized controlled trials (RCTs)
comparing ketamine use (experimental group) with placebo (controls). Results: The model favors
the control group over the experimental group in terms of frequency of hallucinations (the risk
ratio with 95% CI is 1.54 [1.09, 2.19], p-value = 0.02), the number of patients readmitted within
30 days (RR with 95% CI is 0.25 [0.09, 0.70]), and the number of adverse events (overall RR with
95% Cl is 1.31 [1.06, 1.62]). In terms of morphine consumption, the model favors the experimental
group. Conclusion: There was no statistically significant difference in incidences of postoperative
delirium, vasopressor requirement, and fentanyl consumption between the ketamine and control
groups. However, hallucinations were more frequently reported in the ketamine group.

Keywords: ketamine; neurocognitive dysfunction; delirium; postoperative cognitive dysfunction; anesthesia

1. Introduction

Neurocognitive alterations in the perioperative period might be caused by a wide
variety of factors including anesthesia and surgery itself [1]. Many perioperative factors, in-
cluding pain, blood loss, hypotension, hypoxia, micro- and macroemboli, cardiopulmonary
bypass (CPB), reperfusion damage, and surgery itself are risk factors for developing postop-
erative delirium (POD) and postoperative cognitive dysfunction (POCD) [2]. The incidence
of POD varies from 10% to 80% and usually occurs during the first 72 h following surgery.
Only 4% of ageing patients who developed POD fully recover at discharge, and up to
80% still have residual impairment at 6 months or later [2]. The incidence of POCD in
older patients undergoing cardiac surgeries has been reported to range from 20% to 50%
three months after surgery and may reach 55% in those undergoing some other major
surgeries [2—4].

Management of POD is still empirical. There is some evidence that ketamine might
be an option to reduce the risk of POD and POCD in surgical patients. Ketamine is a
N-methyl-D-aspartic acid (NMDA) antagonist and has strong anti-nociceptive properties
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by impacting central sensitization and pain modulation [3,4]. Previous studies have found
that ketamine given during subanesthetic intraoperative anesthesia lowers the levels of
postoperative inflammation markers, opioid use, and pain. Despite reported hallucinogenic
effects that might induce or exacerbate postoperative delirium, ketamine has been recently
reported to have protective effects against postoperative neurocognitive dysfunction [3-5].
In both human and animal trials, ketamine has demonstrated substantial anti-inflammatory
effects and the potential to lessen postoperative delirium [3-5]. A recent study showed
that ketamine added to common anesthetics might lower POD in cardiac surgery to 3%,
as opposed to 31% in the placebo group [6]. Additionally, by reducing the inflammation
after surgery simultaneously with the central nervous system, ketamine may provide
neuroprotection [4,7]. Contrarily, a large-scale trial in which a single dosage of ketamine
was administered during induction during both non-cardiac and cardiac surgery found no
difference in the results [6]. Especially when administered alone, the usage of ketamine
might be exacerbated by side effects such as disorientation, euphoria, cognitive impairment,
and perceptual problems [8].

This systematic review and meta-analysis aimed to compare the effect of ketamine
and other anesthesia methods on neurocognitive dysfunction after anesthesia.

2. Materials and Methods
2.1. Protocol

This systematic review and meta-analysis was planned, performed, and reported
according to the “Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA)” guidelines [9]. The protocol was registered in Open Science Framework. We
searched for randomized controlled trials (RCTs) published in English, which studied the
effect of ketamine on neurocognitive dysfunction after surgery.

We searched for relevant articles in PubMed, Scopus, and the Cochrane Library pub-
lished before March 2023 (Figure 1). The following search terms or their combinations
were used during the search: ((((ketamine) AND (anesthesia)) AND (surgery)) AND
(postoperative delirium)) AND (postoperative cognitive dysfunction); (“esketamine” OR
“esketamine” OR “ketamine” OR “ketamine” OR “ketamin” OR “ketamine s” OR “ke-
tamines”) AND (“anaesthesia” OR “anesthesia” OR “anesthesia” OR “anaesthesias” OR
“anesthesias”) AND (“surgery” OR “surgery” OR “surgical procedures, operative” OR
(“surgical” AND “procedures” AND “operative”) OR “operative surgical procedures” OR
“general surgery” OR (“general” AND “surgery”) OR “general surgery” OR “surgery”
OR “surgerys” OR “surgeries”) AND ((“postoperative period” OR (“postoperative” AND
“period”) OR “postoperative period” OR “postop” OR “postoperative” OR “postopera-
tively” OR “postoperatives”) AND (“delirium” OR “delirium” OR “deliriums”)) AND
(“postoperative cognitive complications” OR (“postoperative” AND “cognitive” AND
“complications”) OR “postoperative cognitive complications” OR (“postoperative” AND
“cognitive” AND “dysfunction”) OR “postoperative cognitive dysfunction”).

2.2. Participants and Population
Inclusion criteria:

Study types: RCTs;

Study arms: comparison of ketamine and placebo;
Age of patients: 18 years and older;

Surgery: any type of surgery;

Articles published in English.

2.3. Outcomes

The primary outcomes of our meta-analysis were the effect of ketamine on postopera-
tive delirium and hallucinations. The secondary outcomes included hemodynamic stability,
pain scores, total dose of opioids, and side effects.
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Identification

Screening

Eligibility

237 PubMed, Scopus, and the
Cochrane Library

A 4

237 relevant citations screened by

title and keywords

Y

W

8 articles identified for data
evaluation/extraction

Excluded: 229

- Not suitable study design
(retrospective,
prospective,
observational);

- Pediatric patients;

- Patients with
neuropsychiatric diseases;
- The studies reported the
values that were not
relevant to the medical
outcomes evaluated in our
meta-analysis.

Inclusion

8 articles included in the review

Figure 1. PRISMA diagram. The diagram shows the study selection process.

2.4. Data Extraction and Statistical Methods

Data were extracted using a standardized Excel form. Study characteristics, such as
first author, country, year of publication, patient population, intervention, study design,
sample size, and outcomes, were extracted into Table 1.

7

Table 1. Characteristics of the included studies. Abbreviations: CABG, coronary artery bypass graft

IV, intravenous(ly).

First Author Year

Study Goals

Procedure

Ketamine Dose

Conclusions

Avidan 2017 [5]

Bornemann-
Cimenti 2016
[3]

Hudetz 2009 [2]

Hudetz 2009 [4]

To assess the effect of
ketamine on delirium in the
post-surgical elderly

To evaluate the use of
low-dose ketamine as part of
multimodal analgesia to
reduce pain and
opioid consumption

To examine the effect of
ketamine on the incidence of
delirium in older cardiac
surgery patients

To assess the incidence of
delirium following ketamine
use in cardiac surgery

Various types of surgeries

Elective
colorectal and
hepatic surgery

CABG, valvular surgery,
coronary artery disease,
valvular disease

Cardiac surgery

Low-dose: 0.5 mg/kg

High-dose: 1.0 mg/kg
Low-dose: 0.25 mg/kg

bolus and 0.125 mg/kg/h
infusion for 48 h
Minimal-dose:

0.015 mg/kg/h infusion
following a saline bolus

0.5 mg/kg IV

0.5mg/kg IV

No lowering effect of ketamine
on delirium, opioid use, or pain

Minimal dose ketamine had no
superiority on pain control or
opioid consumption, but it
lowered the incidence
of delirium

Incidence of delirium was lower
in the ketamine group

Ketamine reduced
post-operative cognitive
dysfunction seven days after
cardiac surgery




J. Clin. Med. 2023, 12, 4314

40f12

Table 1. Cont.

First Author Year Study Goals

Procedure

Ketamine Dose

Conclusions

To assess the effect of
ketamine on postoperative
cognitive dysfunction in
orthopedic surgery patients

Lee 2015 [7]

To examine the effect of
ketamine on cognitive status
in the elderly
To study the effect of
ketamine on delirium and
depression after
electro-convulsive therapy
To study the effect of
ketamine as part of
multimodal analgesia for
managing acute pain
following spinal fusions

Rascon-Martinez
2016 [1]

Salehi 2015 [10]

Urban 2008 [11]

Acromioplasty, open
reduction and internal
fixation, spine surgery,

total hip replacement
arthroplasty, total knee

replacement
arthroplasty /Carpal
tunnel
syndrome, fractures

Ophthalmic surgery:
vitrectomy or cataract

surgery/Cataract

Electroconvulsive
therapy/Drug-resistant
major depression

Spinal fusions

Ketamine: 0.5 mg/kg IV
Placebo: 3 mL 0.9% saline

No effect of ketamine on
postoperative
cognitive dysfunction

Improved cognitive status

03 mg/kg dose following ketamine use
e O
0.8 mg/kgSodium g

thiopental 1-1.5 mg/kg

complications in the
ketamine group
Improved pain scores in the

0.2 mg/kg on induction; ketamine group, but no
2 mcg/kg/hour for the difference in opioid
next 24 h consumption or

cognitive function

2.5. Assessment of Methodological Quality

First, the methodological quality of the included studies was assessed using the Oxford
quality scoring system (Jadad Scale). The quality of the studies was graded within “the
range from 1 (min) to 5 (max) as low (<3), acceptable (3), good (4), and excellent (5)” [12].
Then, each study was evaluated using the Cochrane risk of bias tool as “high risk”, “some
concerns”, or “low risk” [13]. Finally, each outcome was examined for the certainty of
evidence using GRADE as “high”, “moderate”, “low”, or “very low” [14].

3. Results

We have found 237 citations that matched our search criteria (Figure 1). Eight arti-
cles [1-5,7,10,11] with 896 patients were selected for the meta-analysis (Tables 1 and 2).

Table 2. Abbreviations: RCT, randomized controlled trial.

First Author Year Study Design Country Groups Age Sample Size
Placebo 70 (6.9)
Avidan 2017 [5] RCT cﬁf&fﬁ& Low-dose ketamine 70 (7.2) 217 /ggf /216)
’ High-dose ketamine 70 (7.3)
Bornemann-Cimenti Low-dose 62.2(9.8)
2016 [3] RCT Austria Minimal dose 58.4 (8.1) 56 (19/18/19)
g Placebo 61 (12.4)
Placebo 60 (8)
Hudetz 2009 [2] RCT USA Ketamine 63 (3) 58 (29/29)
Placebo 67 (8)
Hudetz 2009 [4] RCT USA Ketamine 68 (7) 78 (26/26/26)
Control nonsurgical 64 (7)
Ketamine 68.38 (6.54)
Lee 2015 [7] RCT Korea Placebo 68.32 (5.34) 51 (25/26)
Rascon-Martinez . Ketamine 70.5 (4.7)
2016 [1] RCT Mexico Placebo 68.7 (7.1) 65 (33/32)
. Ketamine
Salehi 2015 [10] RCT Iran Sodium thiopental 20-60 160 (80/80)
Ketamine 53 (12)
Urban 2008 [11] RCT USA Control 48(9) 24 (12/12)
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Data analysis was conducted using the “Review Manager (RevMan) [Computer pro-
gram]. Version 5.4. The Cochrane Collaboration, 2020”. Heterogeneity was estimated
by the I? statistic. Whenever needed, we used mathematical methods for estimating the
sample mean and standard deviation [15,16].

3.1. Outcomes
3.1.1. Incidence of Delirium

There is no statistically significant difference in the frequency of delirium between the
experimental (ketamine) and control (placebo) groups (Figure 2).

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight WM-H, Random, 95% Cl M-H, Random, 95% CI
Awidan 2017 48 223 44 227 450% 1.049 [0.745, 1.5R]
Hudetz {ay 2008 1 28 ] 28 6.0% 011 (0002, 0.82]
Salehi 2014 49 a0 3e 80 49.0% 1.29 (087,172
Total (95% CI) 332 331 100.0% 1.03 [0.61, 1.73]
Total events aa 91
?etf;ngenmtyl:l T?fu 1:5_1 2D; 1(_‘,1h|P:_ED.49?1, di=2{F=004);F=69% -D_m EIH 1- 1'I:| 1I:|D'
estior overall effect 2= 0.11 (P = 0.9 Favors experimental Favors control

Figure 2. Incidence of delirium. The forest plot shows the pooled risk ratio of the incidence of

delirium after ketamine versus placebo use [2,5,10].

3.1.2. Incidence of Hallucinations

The model favors the control group over the experimental group in terms of the
frequency of hallucinations (Figure 3). However, the result is sensitive to the exclusion of a
study by Avidan et al., 2017 [5] in which case there will be no difference between the groups.

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
Avidan 2017 62 223 40 222 100.0% 1.54 [1.09, 2.149]
Uthan 2008 0 12 ] 12 Mot estimable
Total {95% CI) 235 234 100.0% 1.54 [1.09, 2.19] &P
Total events 62 40
estfor overall effect 2= 2.42 (P = 0.02) Favors experimental Favors control

Figure 3. Incidence of hallucinations. The forest plot shows the pooled risk ratio of the incidence of

hallucinations after ketamine versus placebo use [5,11].

3.1.3. Vasopressor Use

The model does not favor either group in terms of the number of patients requiring
vasopressors (Figure 4).

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
Hudetz {a) 20049 19 24 18 28 50.9% 1.06 [0.72, 1.96]
Hudetz (by 2004 17 26 17 26 491% 1.00 [0.67,1.48]
Total (95% Cl) 55 55 100.0% 1.03 [0.78, 1.36]
Total events 36 35
?eh:;ugenemtl:l T?ru :ZD—DDU 1Cgh|p=—u|jng45' df=1(F=02858);, F=0% o 0 ] nn o0
estioroverall effect Z=0.19 (F = 0.85) Favors experimental Favors control

Figure 4. Vasopressor use. The forest plot shows the pooled risk ratio of the incidence of vasopressor

use after ketamine versus placebo use [2,4].
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3.1.4. Fentanyl Consumption (ng)

The model does not favor either group in terms of fentanyl consumption (ug) at
p = 0.13 (Figure 5). We should note that Urban et al., 2008 [11] reported data values in
mcg/kg, intraoperatively, so we have not included this study here.

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Hudetz (a) 2009 1136 271 29 1191 366 28 334% -0.17 [-0.68, 0.35)] —_—
Hudetz (h) 2009 1121 272 26 1,142 3N 26 30.0% -0.07 [-0.61, 0.47] e E—
Rascon-Martinez 2016 1024 336 33 1181 386 32 36.6% -0.42 [-0.91, 0.07] —
Total (95% Cl) a8 87 100.0% -0.23 [-0.53, 0.07] e
Heterogeneity; Tau? = 0.00; Chi*= 0.98, df= 2 (P =0.613; F=0% 51 —D=.5 3 D?S 15
Testfor overall effect Z=1.53 (P=10.13) Favors experimental Favors control

Figure 5. Fentanyl consumption (ug). The forest plot shows the standardized mean difference in
fentanyl consumption between the ketamine and the control groups [1,2,4].

3.1.5. Morphine Consumption (mg)

In terms of morphine consumption (Figure 6), the model favors the experimental
group (SMD with 95% Cl is —0.19 [—0.35, —0.02]).

Experimental Control Std. Mean Difference $td. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Avidan 2017 3526 320852 223 431755 455175 222 801% -0.20 [-0.39,-0.01]
Hudetz (a) 2009 16 12 29 19 17 29 10.4% -0.20 [-0.72,0.31]
Hudetz (b 2009 15 109807 26 18718 1254493 26 9.4% -0.06 [-0.60, 0.48]
Total {95% Cl} 278 277 100.0% 0.19 [-0.35, -0.02] .
Heterogeneity: Tau®= 0.00; Chi*= 0.23, df= 2 (P=0.89) F= 0% f } t f
Testfor averall effect Z= 2.20 (P = 0.03) i 05 o 05 !
' ' ' Favors experimental Favors control

Figure 6. Morphine consumption (mg). The forest plot shows the standardized mean difference in
morphine consumption between the ketamine and the control groups [2,4,5].

3.1.6. Adverse Events

The model tends to favor the control group over the ketamine group. As shown in
the forest plot (Figure 7), the overall risk ratio with a 95% Cl is 1.31 [1.06, 1.62]. However,
the model does not strongly favor the control group over the experimental group in any
of the subgroups. The sensitivity analysis shows that the result in incidences of nausea is
sensitive to the exclusion of a study by Avidan et al. [5], while the result in pain outcomes
is sensitive to the exclusion of Rascon-Martinez et al. [1] and Salehi et al. [10].

3.1.7. Surgery Duration (min)

The model does not favor the ketamine group over the control group in terms of
surgery time (Figure 8).

3.1.8. Readmission within 30 Days

The model (Figure 9) favors the ketamine group over the control group in terms of the
number of patients readmitted within 30 days, RR with a 95% Cl is 0.25 [0.09, 0.70].

3.2. Assessment of Methodological Quality

As evident from Table 3, of the eight studies, five were rated as “excellent”, two as
“good”, and one as “acceptable” quality based on the Oxford quality scoring system (Jadad
Scale). Based on the Cochrane Risk of Bias (Table 4), all the included studies had a “low
risk” of bias. Based on GRADE (Table 5), the certainty of evidence ranged from “low” to
“high”. Appendix A provides the Evidence profile of the studied outcomes.
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Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
1.6.1 Blood transfusion
Hudetz {a) 2009 24 29 20 29 200% 1.20[0.89,1.61] ™=
Hudetz (k) 2009 22 26 17 26 19.2% 1.29[0.894,1.758)] ™
Lee 2014 3 25 3 26 34% 1.04 [0.23, 4 B8] —
Subtotal (95% CI) 80 81  426% 1.24 [1.00, 1.54] »
Total events 49 40

Heterogeneity: Tau®=0.00; Chi*= 017, df=2{FP=0492); F=0%
Testfor overall effect £=1.93 (P =0.09)

1.6.2 Nausea

Awidan 2017 a3 223 92 222 16% 0a0[r1, 113 .

Salehi 20145 29 a0 12 a0 125% 2.42[1.33, 439 —
Subtotal (95% CI) 303 N2 341% 1.42 [0.53, 3.76] B 3
Total events 112 104

Heterogeneity, Tau®=0.45; Chi®=9.37 df=1 (F=0.002), F= 834%
Testfor overall effect F=070 (P =048

1.6.3 Mildimoderate pain

Rascon-Martinez 2016 17 35 3 34 a.4% 5480 [1.77,17.09] —_—
Salehi 20145 25 3z 17 32 17.9% 147 [1.01, 214] =

Subtotal (95% CI) 67 66 23.3% 2.61 [0.60, 11.33] ——enii——
Total events 42 20

Heterogeneity: Tau®= 0.96; Chi®= 616, df=1 {F=0.01); F= 84%
Testfor overall effect Z=1.28 (P = 0.20)

Total {95% CI) 450 449 100.0% 1.40 [1.04, 1.89] L3
Total events 203 164

Heterogeneity, Tau®= 0.09; Chi®=19.82, df=6 (P = 0.003);, F=70% ID o1 D=1 1=D 100
Testfor overall eﬁeclt: Z=220(P = 0.03) Favors experimental Favors control

Test for subgroun differences: Chif=1.03, df=2 (P = 0600, F=0%

Figure 7. Adverse events. The forest plot shows the pooled risk ratio of the incidence of adverse events
(blood transfusion, nausea, mild/moderate pain) after ketamine versus placebo use [1,2,4,5,7,10].

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Bornemann-Cimenti 2016 183 72 18 189 &7 18 13.0% -0.08 [-0.73, 0.56]
Hudetz {z) 2009 364 74 8 386 ER 8 201% -0.28 081, 0.22] e
Hudetz (k) 2009 37z i 26 341 5] 6 181% -0.26 [-0.80, 0.249] s
Lee 2015 1396 EB7.85 25 12518 70 6 17.8% 0.21 [-0.34, 0.76] e
Rascon-Martinez 2016 48 M8 33 44 288 32 21T% 018028, 0.68] - =
Urban 2008 2818 G0 12 T 12 8.3% 0.30[-0.480,1.11]
Total (95% CI) 143 144 100.0% -0.01 [-0.24, 0.22] 4?-
Heterogeneity: Tau?= 0.00; Chi*=3.83, df=5 (P = 0.57); F= 0% 51 -D:S p D:S 15
Testfor overall effect: 2= 0.08 (P = 0.93) Favors experimental Fawvors control

Figure 8. Surgery duration (min). The forest plot shows the standardized mean difference in surgery
duration between the ketamine and the control groups [1-4,7,11].

Experimental Control Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Hudetz {a) 2004 2 24 a 29  a0.0% 0.25[0.06,1.08] ——
Hudetz () 20049 2 26 a 26 a0.0% 0.25[0.06,1.07] ——
Total (95% CI) 55 55 100.0%  0.25[0.09,0.70] i
Total events 1 16

i - _ _ R = I I : :
o

estfor overall effect 2= 2.64 (P = 0.008) Favors experimental Favors contraol

Figure 9. Readmission within 30 days. The forest plot shows the pooled risk ratio of readmission
within 30 days after ketamine versus placebo use [2,4].
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Table 3. Methodological quality of the studies (Jadad scale).

Was the Method Was the
Was This Used to Generate Was the Stud Method of Was there a
Study or Study the Sequence of . y Double Blind Description of
. .. Described as . X Total Score
Subgroup Described as Randomization Double-Blind? Appropriate Withdraw and
Randomized? Appropriate and ) and Dropouts?
Described? Described?
Avidan 2017 [5] 1 1 1 1 5
Bornemann-
Cimenti 1 1 1 1 5
2016 [3]
Hudetz 2009 [2] 1 1 1 0 4
Hudetz 2009 [4] 1 1 1 1 5
Lee 2015 [7] 1 1 1 1 5
Rascon-
Martinez 1 1 0 1 4
2016 [1]
Salehi 2015 [10] 1 1 0 0 3
Urban 2008 [11] 1 1 1 1 5
Table 4. Cochrane risk of bias.
Risk of Bias Risk of Bias Due to . .. . ..
Study (First Arising from the Deviations from the Missing I\EI{ isk of Bias tm £ SR 1ls K t(.)f Blafsti? Overall Risk
Author, Year) Randomization Intended Outcome Data casurement o election ol the of Bias
. the Outcome Reported Result
Process Interventions
AV;?)T; [egt]al., Low risk Low risk Some concerns Low risk Low risk Low risk
Riicﬁ?zl\glaét[i?f “ Low risk Low risk Some concerns Low Risk Low risk Low risk
Huzc(lJ%tgz [eztl al., Low risk Low risk Low risk Low risk Low risk Low risk
Hu;(l)%tgz [e4t] al., Low risk Low risk Low risk Low risk Low risk Low risk
S;loelhsl Flt Oail" Low risk Low risk Low risk Low risk Low risk Low risk
U;ng ﬁt{}l" Low risk Low risk Low risk Low risk Low risk Low risk
Lee etal., 2015 [7] Low risk Low risk Some concerns Low risk Low risk Low risk
Bornemann-
Cimenti et al., Low risk Low risk Some concerns Low risk Low risk Low risk
2016 [3]
Table 5. Summary of findings.
. . o Standardized Mean Number of Certainty of the
Outcomes Risk Ratio [95% CI] Difference [95% CI] Participants (Studies) Evidence (GRADE)
Incidence of delirium 1.03[0.61, 1.73] - 663 (3) Low &®55
Incidence of .
hallucinations 1.54[1.09, 2.19] - 469 (2) High &®®®
Morphine i —0.19 [—0.43, 0.06] 377 (3) High ©@O®
consumption (mg)
Overall adverse events 1.40[1.04, 1.89] - 899 (6) High @00®
Fentanyl - ~0.23[0.53, 0.07] 175 (3) Low &@66
consumption (ug)
Vasopressor use 1.03 [0.78, 1.36] - 110 (2) Moderate @HHO
Readmissions within 0.25 [0.09, 0.70] - 110 (2) Moderate &&®6

30 days

Symbols: ®®@®G—"high certainty”, &®®O—"moderate certainty” and GHOO—"low certainty”.
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4. Discussion

Although we found no difference between ketamine and control in the incidence of
postoperative delirium, the incidence of hallucinations was higher in the ketamine group.
We must note that the result is sensitive to the exclusion of the study by Avidan et al. [5], in
which case there will be no difference between the groups.

Since postoperative neurocognitive disorders can be induced by numerous factors,
many secondary outcomes of this meta-analysis might be important. Despite ketamine is
known to provide more stable hemodynamics compared to other intravenous anesthetics,
there were no differences in terms of the number of patients requiring vasopressors. In-
terestingly, there is also a trend to favor control (not statistically significant) in terms of
requirement in blood transfusion. We suppose that patients with blood loss were adminis-
tered ketamine to maintain more stable hemodynamics. There was no difference between
the ketamine and control groups in postoperative pain intensity and nausea. Another
important finding was that there was a lower readmission rate in the ketamine group.

The conflicting results might be due to the failure of large studies to replicate the
results of small studies [5]. Although meta-analyses of small studies might also contradict
the findings of large trials, the results of the current meta-analysis support the findings of
the large trials. More importantly, POD and POCD are multifactorial conditions, which
might be caused by the following factors [17,18]:

(1) Preoperative (advanced age, neurocognitive deterioration, depression, use of anti-depressants);

(2) Intraoperative (blood loss, hypotension, pain, hypernatremia, hyponatremia, deep
anesthesia (if the doses of anesthesia are higher than required, prolonged duration of
anesthesia and surgery);

(3) Postoperative factors (sleep deprivation, severe pain, electrolyte dysbalance, cere-
brovascular events).

Therefore, it is challenging to consider all these factors during the study and pa-
tient enrollment.

It is also important to mention that ketamine has several effects, such as anesthetic,
analgesic, antidepressant, anti-inflammatory, and neuroprotective [5,19-21]. Ketamine
is known for inducing general (dissociative) anesthesia. Ketamine can be also used for
local anesthesia as an adjunct to local anesthetics. Dissociative anesthesia is a type of
anesthesia lacking complete unconsciousness and characterized by catalepsy, catatonia,
and amnesia. Adequate analgesia can be achieved by using low subanesthetic doses
(0.15-0.25 mg/kg) for the reduction of acute and chronic pain. Ketamine administration in
pre- or intraoperative periods has been used to improve postoperative outcomes due to its
ability to reduce the excessive production of proinflammatory cytokines, such as tumor
necrosis factor-«, nuclear factor-kB, C-reactive protein, interleukin 6 (IL-6), and inducible
nitric oxide synthase. Moreover, the anti-inflammatory effects of ketamine were attributed
not only to local but also to systemic anti-inflammatory action [21]. Ketamine also has a
preconditioning effect via the inhibition of NMDA receptors, and it was also shown to
reduce post-ischemic cortical neuronal loss associated with glutamate-induced calcium
overload [7]. Some previous studies also showed that the NMDA receptor through anti-
inflammatory mechanisms plays a direct role in the recognition and short-term memory;
however, other reports assign this effect to improved cerebral blood flow [22-24]. This
binding of ketamine to the NMDA receptor suppresses the expression of the factor k(32 that
is involved in the transcription of genes that affects proinflammatory cytokines, including
interleukins 6 and 8, and tumor necrosis factor « leading to reduced neuronal apoptosis.
Subsequently, ketamine also activates the sympathetic nervous system leading to increased
cerebral perfusion pressure [25,26]. Since elevated levels of some cytokines, such as IL-6,
have been associated with poor postoperative outcomes, this effect of ketamine seems
promising, but more RCTs are required. Ketamine has been reported to modulate abnormal
inflammatory substances in major depressive disorder. Ketamine acts as an immunomodu-
latory but not as an immunosuppressive agent, which might be of particular importance
since ketamine is usually used during the induction of anesthesia.
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Although ketamine might have promising positive effects, it also has several psy-
chotomimetic and dissociative adverse effects. Ketamine broadly influences consciousness
and perception. Some patients report dissociative and extracorporeal experiences and
illusions (being out-of-body) [21]. The most common psychoactive effects are dissociative
effects (visual, auditory, and somatosensory stimuli), positive psychotomimetic (halluci-
nations, conceptual disorganization, unusual thought content, suspiciousness), as well as
negative psychotomimetic (emotional withdrawal, motor retardation, and blunted affect).
Memory and cognitive impairment effects of ketamine were also reported [5,19-21].

This meta-analysis has several important limitations. The first limitation of this meta-
analysis was the inclusion of the original studies with small sample sizes. The second
limitation was heterogeneity in reporting rubrics; therefore, we could not incorporate the
results of these studies in the forest plots. The next limitation was no proper assessment
or reporting of the side effects. For example, the side effects were observed within 24 h
after surgery. However, some side effects might occur later, but they were not assessed
or reported.

5. Conclusions

The incidence of postoperative delirium did not differ significantly between the ke-
tamine and placebo groups. However, hallucinations were more frequently reported in the
ketamine group. There was no statistically significant difference in fentanyl consumption
and vasopressor requirement between the ketamine and control groups. Due to the limita-
tions of the existing trials, future large RCTs are warranted to establish more convincing
evidence regarding the protective effects of ketamine against neurocognitive dysfunction.
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Appendix A

Table Al. Evidence profile.

. Incidences of Fentanyl Morphine Overall Readmissions
Incidences of R Vasopressor . . I
- Hallucina- Consumption ~ Consumption Adverse within
Delirium . Use
tions (ug) (mg) Events 30 Days
Risk of bias Not serious Not serious Not serious Serious Not serious Not serious Not serious
Lack of
allocation No No No No No No
concealment
Lack of No No No No No No

blinding
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Table Al. Cont.

Inci Incidences of Fentanyl Morphine Overall Readmissions
ncidences of Hallucina- Vasopressor C 4 C i Ad ‘thi
Delirium allucina Use onsumption onsumption verse within
tions (ug) (mg) Events 30 Days
Incomplete
accounting of
patients and No No No Yes No No No
outcome
events
Selective
outcome No No No No No No No
reporting
. (.)th?r No No No No No No No
limitations
Inconsistency Very serious Serious Not serious Not serious Not serious Not serious Not serious
I (unex-
plained . Yes No No No No No No
heterogeneity
of results)
Wide variance
of point Yes No No No No Yes No
estimates
Confidence
intervals (Cls) Yes No No No No No No

do not overlap
Indirectness
Differences in
population
Differences in
interventions
Differences in
outcome
measures
Indirect
comparisons
Imprecision
Few patients
Wide
confidence
interval (CI)
Other
considerations
RR>2or
RR<0.5
RR >5or
RR<0.2
Dose-response
gradient
Effect of
plausible
residual
confounding

Not serious

No

No

No

No

Serious
No

Yes

None

Not serious

No

No

No

No

Serious
No

No

None

Not serious

No

No
No
No

Very serious
Yes

Yes

None

Not serious

No

No

No

No

Serious
Yes

No

None

Not serious

No

No

No

No

Not serious
No

No

None

Not serious

No

No

No

No

Not serious
No

No

None

Not serious

No

No

No

No

Serious
Yes

No

Not serious

No

No
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