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Abstract

The purpose of this review is to report on the perioperative uses of intravenous (IV) ketamine based on literature
from the last five years (2018-2022). We searched MEDLINE, Embase and PubMed databases from 1st January 2018
till 15th September 2022. We primarily reviewed randomized control trials and systematic reviews with or without
meta-analyses where IV ketamine was used as part of an anesthetic regimen perioperatively for general or regional
anesthesia. We included studies with both pediatric and/or adult participants. We did not examine the quality

of the randomized controlled trials (RCTs) included in our review. Perioperative IV ketamine consistently reduced
postoperative opioid requirement especially in the early postoperative period, however, the duration of this effect
was variable in different surgeries and patient populations. This effect was seen in breast, obstetric, bariatric,

and orthopedic surgeries. The effect was minimal in pediatric and thoracic surgeries. It has a valuable role in multi-
modal analgesic regimen, especially in orthopedic and spine procedures. Considerable heterogeneity was noted
with regards to the dosage of IV ketamine. Bolus doses ranged from 0.15 to 1 mg-kg™' and infusion doses ranged
from 2 to 5 ug-kg™"-min~". Its role in prevention of chronic post-surgical pain is still under investigation. Intravenous
ketamine also reduced postoperative depressive symptoms in specific patient populations. It also reduced shivering
associated with spinal anesthesia. It has a potential role in prevention of emergence agitation and postoperative
delirium. In conclusion, IV ketamine has a versatile range of beneficial clinical effects in perioperative practice. The
most widely studied are its analgesic effects which are of variable intensity amongst different surgical specialties
and subset of patients. Despite its long history of use, fresh uses of IV ketamine continue to be reported. More trials
are needed to better understand ideal dosing and patient subsets that will benefit most from these effects.
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1 Introduction

The origin of ketamine dates back to the middle of the
twentieth century when lesser psychomimetic analogs of
phenyl cyclohexyl piperidone were being developed [1].
It was approved for use as a general anesthetic in 1970 by
the Food and Drug Administration in the USA.
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With the shift towards multi-modal analgesia to
promote enhanced recovery and the occurrence of opioid
crisis there has been a renewed interest in ketamine’s
analgesic potential in both acute and chronic pain
management. Its clinical applications have now expanded
beyond anesthesia into chronic pain management and
neuropsychiatry. Its use in sub-anesthetic doses has also
been evaluated for neuro-cognitive and mood outcomes
and for treatment of complications such as postoperative
shivering [2-5]. This review highlights evidence from
recent literature (2018-2022) on the clinical applications
of intravenous (IV) ketamine during the perioperative
period.
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1.1 Site and mode of action

Ketamine is a non-competitive and high-affinity inhibitor
of N-Methyl-D-aspartate (NMDA) receptors. NMDA
is a glutamate receptor with key excitatory synaptic
transmission in the central nervous system (CNS).
Glutamate plays an important role in pain pathways of
opioid-induced hyperalgesia and central sensitization
and NMDA receptors are involved in the development
of opioid tolerance. Ketamine exerts its anti-nociceptive
action by antagonism of NMDA receptors not only at the
level of the cortex but also at the spinal cord [6]. There is
additional evidence that it also interacts with a-Amino-
3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA),
opioid, cholinergic, and hyperpolarization-activated
cyclic nucleotide-gated (HCN) receptors [7].

Molecularly ketamine has two enantiomers R and S
ketamine which both have high CNS permeability. S-ket-
amine has a stronger binding to NMDA receptor, how-
ever, in clinical practice and research the racemic mixture
is more commonly used [6]. In the present review "keta-
mine" refers to the racemic mixture (R-ketamine) and
"S-ketamine" is written as such, where it is used.

2 Objective
The objective of this review is to report on the current
role of perioperative IV ketamine over the last five years
(2018-2022).

3 Review methodology

3.1 Search methods

We searched MEDLINE, Embase, and PubMed databases
from 1st January 2018 till 15th September 2022.
Keywords for conducting the literature search are given
below.

((ketamine [MeSH Terms]) OR (ketamine) OR (keta-
mine hydrochloride)) AND ((period, perioperative
[MeSH Terms]) OR (perioperative period) OR (periop-
erative care) OR (perioperative medicine) OR (periop-
erative pain management) OR (preoperative care)) OR
(preoperative period) OR (preoperative pain manage-
ment)OR (intraoperative period) OR (intraoperative
care) OR (intraoperative pain management) OR (postop-
erative period) OR (postoperative care) OR (postopera-
tive pain management) OR (pain management)) Filters:
from 2018-2022.

3.2 Selection criteria

We sought randomized controlled trials (RCTs) where IV
ketamine was used as part of an anesthetic regimen peri-
operatively during general or regional anesthesia. IV Ket-
amine was either compared to a placebo or another drug/
technique, either in a bolus dose or infusion or both.
RCTs with both adults and children were included. The
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search was restricted to only English language abstracts.
Systematic reviews analyzing RCTs using perioperative
IV ketamine were also included.

3.3 Exclusion criteria

We excluded studies where ketamine was given by any
other route apart from intravenous or when ketamine
was mixed with another medication, e.g., added to local
anesthetics or sedative agents. Narrative reviews, editori-
als, and case series were not considered. RCTs in which
ketamine was administered in a nonsurgical setting, were
also excluded.

3.4 Data collection

Two authors (Khan Z., Khan F.A.) reviewed all titles and
agreed on a list of articles. The third author (Hameed M.)
settled any disparity. The abstracts of these articles were
then consulted for review. Full articles were accessed for
further details. We did not examine the quality of the
included RCTs.

4 Results
4.1 Use of perioperative IV ketamine for intra

and post-operative analgesia
Analgesic properties of perioperative ketamine have been
studied in a variety of surgical populations discussed
below.

4.1.1 Anesthesia for breast surgery

Intraoperative ketamine has shown promising results
in patients undergoing breast surgery. In a systematic
review, Bi et al. investigated the effects of IV ketamine
on acute and chronic wound pain in patients undergo-
ing breast surgery. Intravenous ketamine reduced wound
pain in the first six hours and decreased opioid require-
ment for 24 h post-operatively compared to a placebo. In
addition perioperative use of ketamine reduced the inci-
dence of post-mastectomy pain syndrome at one, three
and six months post-surgery. There was diversity among
studies in the mode of administration of ketamine. In five
of the studies IV ketamine was administered as an infu-
sion, three studies gave a 0.5 mg-kg™! bolus before the
start of infusion. In one study infusion was continued for
24 h and in another daily infusions were administered
for seven days. There were no systematic adverse effects
observed [8].

4.1.2 Obstetric anesthesia

A meta-analysis of 20 RCTs evaluated the clinical effi-
cacy of IV ketamine in reducing postoperative pain after
anesthesia for Cesarean section (C-section). Patients
who received ketamine had lower pain scores, consumed
fewer opioid analgesics, and required a longer time
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interval to the first dose of analgesia postoperatively [9].
Another RCT reported that intravenous ketamine at a
dose of 0.25 mg-kg™! given between neuraxial block and
surgical incision in non-elective C-sections decreased
opioid requirement till 24 h postoperatively [10].

4.1.3 Anesthesia for bariatric surgery

A number of studies have assessed the use of IV keta-
mine in bariatric surgeries including abdominoplasty
[11], sleeve gastrectomy [12], and laparoscopic gastric
bypass [13].

An RCT conducted by Mehta et al. included 54 partic-
ipants undergoing gastric bypass surgery and observed
that ketamine reduced the requirement for postopera-
tive narcotic analgesic in the first 24 h. Intravenous ket-
amine was administered as a 20 mg bolus followed by
an infusion of 5 pg-kg™!min~" until the start of wound
closure [13].

A meta-analysis of seven RCTs, which included the
aforementioned trial, concluded that intravenous keta-
mine did decrease opioid consumption in the first 24 h
after surgery but this was only significant in trials that
administered ketamine as a bolus. This review also noted
decreased visual analog score up until eight hours after
surgery and decreased length of postoperative hospital
stay in patients who received ketamine. The risk of post-
operative nausea and vomiting, hallucinations, euphoria,
and dizziness was not significantly different amongst the
groups [14].

Ketamine as an analgesic adjunct is of particular
importance in morbidly obese patients as many of them
suffer from obstructive sleep apnea and are sensitive to
the respiratory depressant effects of opioids Avoiding or
reducing opioid use in these patients may also result in
shorter recovery time [14].

4.1.4 Anesthesia for orthopedic and spine surgery
Several systematic reviews and meta-analyses have been
published in the last five years on the perioperative use of
IV ketamine in orthopedic and spine surgeries.

Xu et al. conducted a systematic review of ten RCTs
analyzing the effect of ketamine in total knee and hip
arthroplasty. They concluded that IV ketamine admin-
istration reduced pain intensity in the early postopera-
tive period i.e. up until eight hours after surgery but not
within 8-24 h post-operatively. The cumulative mor-
phine consumption was lower amongst patients who
received ketamine till 48 h after surgery. Ketamine use
was also observed to be safe and did not increase the
risk of gastrointestinal or psychological side effects [15].
One of the trials where ketamine was administered as a
bolus followed by continuous infusion for 48 h, demon-
strated decreased incidence of chronic pain at 12 months
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follow-up [15]. Similar results have been observed in
other meta-analyses assessing ketamine’s role in patients
undergoing arthroplasties. They demonstrated lower
pain scores beyond the early postoperative period (24—48
h) [16, 17]. Intravenous ketamine when used for pain
management in knee arthroplasty also reduced ischemic
reperfusion injury [18]. Riddell et al. showed low-dose IV
ketamine to be an effective adjunct within a multi-model
regimen to decrease pain and opioid requirements across
several types of orthopedic surgery in 1271 patients [19].

A meta-analysis of 30 RCTs followed 1865 patients
and assessed pain at 12, 24, and 48 h after elective spi-
nal surgery, concluded that patients who received IV
ketamine had lower pain scores at rest as well as dur-
ing mobilization until 48 h post-surgery. The dosages of
IV ketamine used in these studies ranged from from a
bolus dose of 0.15 to 0.5 mg and infusion rates ranging
from 0.3— 10 pg-kg™'min~. Sub-group analyses showed
that the analgesic effect lasted longer when ketamine
was administered both during the intraoperative and
the post-operative period. Cumulative opioid consump-
tion after surgery was lower until 48 h. Most of the tri-
als within this meta-analysis administered ketamine as a
bolus followed by an infusion although the doses varied
considerably. This effect was not observed in pediatric
patients [20]. Similar results have been corroborated by
other authors evaluating the role of ketamine in the same
surgical population [21, 22].

4.1.5 Anesthesia for thoracic surgery

Tseng et al. conducted an RCT comparing low-dose
IV ketamine and fentanyl patient-controlled analgesia
(IVPCA) with thoracic epidural combined with patient-
controlled epidural analgesia (t-PCEA) in acute postop-
erative pain after Video Assisted Thoracoscopic surgery.
In the IVPCA group patient received a continuous infu-
sion containing fentanyl 10 mcg-mL~" and 0.5 mg-mL™
ketamine. After a loading dose of 5ml, the background
infusion rate was 1 mL™"-h™! and a 1 mL bolus for a suc-
cessful trigger every 5 min. They found similar pain con-
trol in both groups [23].

An RCT conducted by Borys et al. compared the
preemptive administration of ketamine with the con-
tinuous paravertebral block (PVB) versus a control group
undergoing posterolateral thoracotomy. Acute pain
intensity was observed on a visual analog scale (VAS) on
post-surgical day one. Acute pain intensity was signifi-
cantly lower in both ketamine and PVB groups compared
to the control group, however, patients who received PVB
were more satisfied with pain management compared to
the ketamine group [24].
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4.1.6 Anesthesia for general surgery

Abdel-Rady et al. conducted a double-blind RCT in
patients undergoing intestinal surgery [25]. The interven-
tion group received IV ketamine 1.0 mg-kg™" followed by
an infusion of 0.12 pg-kg *h ™ till wound closure. Patients
were followed for 24 h. This dose regimen resulted in
decreased pain scores and lower morphine consumption
in the intervention group with no side effects.

Pajina et al. compared IV ketamine 0.25 mgkg™’,
Ilioinguinal nerve block (IINB) using 0.25% bupivacaine
20 ml under ultrasound guidance, and saline placebo, in
75 patients undergoing inguinal hernia repair. VAS scores
were recorded at 0, 2, 6, 12, and 24 h post-operatively.
Both low-dose IV ketamine and IINB provided effective
pain control although IV ketamine showed inferior anal-
gesia reflected by greater opioid consumption compared
to IINB [26].

4.1.7 Pediatric anesthesia
Only a few studies have used perioperative IV ketamine
as an adjunct analgesic in the pediatric age group, except
in spine surgery [20, 21].

Intravenous ketamine 1.0 mgkg ' followed by
intermittent boluses of 0.5 mg has also been tested
in laser photocoagulation in 97 premature infants
and compared to IV fentanyl. Both regimes provided
inadequate analgesia [27].

4.1.8 Dental anesthesia

A randomized double-blind trial compared IV ketamine
and dexmedetomidine in 66 patients undergoing extraction
of impacted third molar surgery under general anesthesia.
The pain was evaluated before the surgery and postopera-
tively. Those who received ketamine required less postop-
erative analgesia in the first 12 h postoperatively [28].

4.1.9 Other surgeries

An RCT included patients undergoing myomec-
tomy and concluded that low-dose ketamine infusion
(0.2 mgkg™"h™") following a 0.2 mg.-kg ~! bolus had an
opioid-sparing effect and reduced perioperative mor-
phine consumption [29]. In another study IV ketamine
administered as 0.15 mg.-kg™" bolus followed by an infu-
sion of 2 pgkg™":min~! in patients undergoing robotic
thyroidectomy decreased pain scores, cough for 24 h, and
analgesic requirements without any serious complica-
tions [30]. S-ketamine IV has also been assessed for effec-
tiveness and safety for pain relief in a systematic review
by Wang et al. Surgeries included abdominal, thora-
cotomy, gynecological, arthroscopic anterior cruciate
ligament repair, cardiac, laparoscopic cholecystectomy,
lumbar spinal fusion, radical prostatectomy, and hemor-
rhoidectomy. S-ketamine reduced resting pain for up to
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24 h and opioid consumption till 12 h postoperatively.
There was no significant difference beyond this period for
both pain and opioid consumption [31].

Perioperative pain management can be challenging in
patients who have been using opioids preoperatively. A
systematic review evaluated the effect of perioperative IV
ketamine for its opioid-sparing effect in patients already
consuming opioids. In three of the nine studies ketamine
administration was continued till the end of a procedure
while in six, ketamine administration lasted for 24 h. Ket-
amine slightly reduced pain in the 24 h following surgery,
however, there was a significant reduction in oral mor-
phine equivalent consumption after 24 h (mean 97.3 mg)
and 48 h (mean 186.4 mg) of surgery [32].

A Cochrane review by Brinck et al. evaluated the role
of perioperative IV ketamine for acute postoperative
pain [33]. The authors noted that ketamine reduced
postoperative opioid consumption and pain inten-
sity, particularly after orthopedic, thoracic, and major
abdominal surgeries. Moreover, the review also found
evidence to suggest that ketamine may be more effi-
cacious in moderate to severe pain and in reducing
postoperative hyperalgesia.

4.1.10 Prevention of chronic post-surgical pain
Ketamine effects on AMPA receptors which are impli-
cated in pain processing and chronic pain syndromes [6].
Central sensitization is also an important pathway for the
development of chronic pain syndromes and ketamine’s
role has been evaluated for this action. However, very
few studies have been able to demonstrate the efficacy of
ketamine to prevent chronic post-surgical pain. A recent
systematic review and meta-analysis assessing multiple
drugs including ketamine for the prevention of chronic
pain after surgery failed to find any conclusive evidence.
[34] A large multi-center trial is currently underway on
this topic and its results will further elucidate the role of
ketamine in this regard [35].

A summary table on the role of perioperative IV keta-
mine to manage acute postoperative pain and prevent
chronic pain is given in Table 1.

4.2 Use of perioperative IV ketamine to prevent
complications associated with neuraxial blocks

Intraoperative ketamine has also been assessed for the
prevention of perioperative adverse effects of neuraxial
blocks. An RCT investigated the efficacy of prophylactic
low-dose ketamine infusion for the prevention of shiver-
ing after spinal anesthesia. Patients in the intervention
limb were administered a bolus dose of 0.2 mg-kg ™' keta-
mine followed by an infusion of 0.1 mg-kg™"-h~. Postop-
erative shivering was significantly lower in the ketamine
group [58.06% in saline versus 13.79% in the ketamine
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Table1 A summary table on the role of perioperative IV
ketamine to manage acute postoperative pain and prevent
chronic pain. IV, intravenous

Type of surgery Efficacy in acute Efficacy in prevention
postoperative pain  of chronic pain

Breast [8] Likely to be beneficial  Likely to be beneficial

Obstetric [9, 10] Beneficial Inconclusive

Arthroplasty [15-17]  Beneficial Likely to be beneficial

Spine surgery [20-22]  Likely to be beneficial ~ Unlikely to be beneficial

Laparotomy [25, 26] Inconclusive
Bariatric [13, 14]

Thoracic [23, 24]

Likely to be beneficial
Beneficial Inconclusive

Likely to be beneficial ~ Unlikely to be beneficial

group] compared to the control group who received a
saline infusion [3].

4.3 Use of perioperative IV ketamine to reduce
post-operative depression

Ketamine has a multitude of pharmacological properties
that are not completely understood. The use of low-dose
ketamine (0.3-0.5 mg-kg™!) in the intraoperative period
has a beneficial effects on mood symptoms in the post-
operative period [4]. Symptoms of depression are com-
mon among surgical patients and are a major concern
contributing to perioperative morbidity [5]. Multiple tri-
als in a systematic review by Li et al. suggest that intra-
operative use of ketamine may have a beneficial role in
rapidly improving symptoms of depression [36]. Zhou
et al. conducted an RCT in patients with major depres-
sive disorder undergoing supratentorial brain tumor
resection. The intervention cohort received 0.5 mg-kg™*
of ketamine at the time of dural opening and was com-
pared with the control group who received normal saline.
Treatment response, which was defined as a reduction
of 50% in symptoms of depression, was assessed by a
psychiatrist on postoperative day three using the Mont-
gomery-Asberg Depression Rating Scale. Response in
the ketamine group was significantly higher (41.5%) ver-
sus the control group (16.3%). The study assessed only
the short-term outcome of therapy, i.e., within the hos-
pital stay [37]. Another trial assessed different doses of
intravenous S-ketamine in the treatment of depression
amongst cervical cancer patients undergoing laparo-
scopic hysterectomy. The investigators concluded that
patients receiving ketamine had a lower Hamilton rat-
ing scale for Depression compared to controls. The most
pronounced effect was seen in patients who received
high dose S-ketamine, i.e., 0.5 mg-kg™! after one hour of
anesthesia induction [38].

There is also substantial evidence to support that
administration of intravenous ketamine during the
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perioperative period of C-section which may help pre-
vent post-partum depression (PPD) [32, 35]. Recently
Li et al. in a meta-analysis also reported that keta-
mine’s efficacy as prophylaxis for PPD occurred at a
dose of 0.5 mg-kg™!. They also observed that age and
body mass index were negatively associated with mood
response to ketamine [36]. The authors noted bet-
ter efficacy of ketamine as prophylaxis to PPD when
administered through an analgesic pump continuously
for 48 h post-partum instead of an intravenous injec-
tion during C-section. In another single-center trial of
375 parturients were administered patient controlled
analgesia with S-ketamine, sufentanil and tropisetron
and had a reduced incidence of PPD at day 14 com-
pared to parturients who only received sufentanil and
tropisetron [39].

A meta-analysis measuring outcomes in breast can-
cer patients concluded that perioperative intravenous
ketamine led to improvement in postoperative depres-
sion and its effect persisted beyond one month [8].
Another meta-analysis by Wang et al. concluded that
intravenous ketamine administration decreased post-
operative depression symptoms till the third postop-
erative day [40].

There are also trials that have reported negative find-
ings that ketamine does not reduce postoperative
depression. Mashour et al. conducted a multicenter trial
in patients above 60 years of age with variable pathol-
ogy and surgical intervention but were unable to prove
any beneficial effect on PPD [41]. Similar findings were
reported in a meta-analysis evaluating the role of R and
S-ketamine to prevent postoperative depression. Though
the results were not significant a clinical decreases in the
number of patients showing depressive symptoms was
noted in the ketamine group [42].

Ketamine’s anti-depressant effects have been hypoth-
esized to be due to multiple molecular pathways. The
antagonism of NMDA receptors on post-synaptic neu-
rons inhibits eukaryotic elongation factor 2 kinase lead-
ing to the translation of brain-derived neurotrophic
factor (BDNF) [7]. BDNF signaling pathway eventually
leads to the activation of proteins that are fundamental
in synaptogenesis. BDNF can also prevent neuron injury
and apoptosis, promote neuron regeneration and differ-
entiation, and maintain the normal physiological func-
tion of neurons. It is a marker that is strongly correlated
with anti-depressant effects and its levels have been stud-
ied as a secondary outcome in research assessing peri-
operative ketamine’s anti-depressant effect [42]. Evidence
also suggests that indirect activation of AMPA recep-
tors by ketamine may also lead to its anti-depressant
effects. Interestingly anti-depressants like imipramine
and fluoxetine are also associated with AMPA receptor
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upregulation. Ketamine’s action on HCN1 receptors has
also been hypothesized to lead to its anti-depressant
effects [7].

A sizeable portion of evidence suggests intravenous
ketamine has a role in rapidly improving depression in
the perioperative setting and preventing PPD, however
large-scale studies have failed to find significant associa-
tion of ketamine to prevent postoperative depression [41,
42]. This may be due to the considerable heterogeneity in
the doses and mode of assessment used in the meta-anal-
ysis. The multi-center negative trial conducted by Mash-
our et al. was done in elderly patients (above 60 years)
and one of the critique on this study is that the rate of
response to anti-depressant decreases with age [42].

The majority of the studies that reported a beneficial
effect on depression used intravenous ketamine as a
bolus of 0.5 mg.kg. ™ and similar dosing has been utilized
in non-surgical settings. However, an important caveat
to note is that although currently there is no conclusive
evidence that intravenous ketamine may have a role to
prevent postoperative depression, it does alleviate symp-
toms of depression postoperatively especially, amongst
patients who suffered from depression preoperatively.
The effect is more marked in patients who suffer more
severe symptoms preoperatively [37, 38].

4.4 Use of perioperative IV ketamine to reduce emergence
excitation, postoperative cognitive dysfunction
and postoperative delirium
Recently there has been renewed interest in analyzing the
potential neuroprotective effects of intraoperative keta-
mine. A systematic review assessing the effect of keta-
mine on emergence agitation (EA) in children revealed
that patients receiving intraoperative ketamine had a
lower incidence of EA [43].

In adult patients, intraoperative ketamine has been
studied for the prevention of delirium and post-operative
cognitive dysfunction (POCD). A systematic review on
the topic highlighted the potential efficacy of intraopera-
tive bolus of ketamine to reduce the incidence of POCD
but not delirium [44]. Due to the paucity of high-quality
data, it would be premature to conclude use of ketamine
as a neuroprotective agent in the adult population.

A summary list of systematic reviews is provided in
Table 2.

5 Conclusion

The majority of the studies in this literature review from the
last five years have assessed the role of IV ketamine as an
analgesic. The most consistent effect observed was in reduc-
ing postoperative opioid requirements. This was seen in
breast surgery, C-section, myomectomy, knee arthroplasties,
elective spine surgery, intestinal and bariatric surgery. The

Page 11 of 13

duration of this outcome measure was variable with some
studies reporting the effect lasting for only eight hours post-
operatively. There was considerable heterogeneity observed
in the dose, timing, and method of administration (i.e., bolus,
infusion, or both) of IV ketamine. Its role in the prevention
of chronic post-surgical pain is still being defined.

Newer studies continue to define other roles of IV
ketamine in perioperative medicine. Several trials
suggest its use in decreasing symptoms of postoperative
depression. Although promising, these results have only
been observed in the early postoperative period. Recent
evidence also suggests that IV ketamine may have a
role in reducing shivering due to spinal anesthesia
in obstetric patients undergoing C-section, and also
in reducing postoperative cognitive dysfunction and
delirium. There is a need for more robust evidence to
be collected regarding its role apart from perioperative
analgesia, before any firm conclusions can be drawn.

Abbreviations

AMPA a-Amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
BDNF Brain-derived neurotrophic factor

CNS Central nervous system

C-section  Cesarean section

EA Emergence agitation

HCN Hyperpolarization-activated cyclic nucleotide-gated
IINB llioinguinal nerve block

v Intravenous

IVPCA Intravenous patient-controlled analgesia

NMDA N-Methyl-D-aspartate

POCD Post-operative cognitive dysfunction

PPD Post-partum depression

PVB Paravertebral block

RCTs Randomized controlled trials

VAS Visual analog scale
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