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A B S T R A C T

Background
Postoperative pain management is often limited by adverse effects such as nausea and vomiting. Adjuvant treatment with an inexpensive
opioid-sparing drug such as ketamine may be of value in giving better analgesia with fewer adverse effects.

Objectives
To evaluate the effectiveness and tolerability of ketamine administered perioperatively in the treatment of acute postoperative pain in
adults.

Search strategy
Studies were identified from MEDLINE (1966-2004), EMBASE (1980-2004), the Cochrane Library (2004) and by handsearching
reference lists from review articles and trials. The manufacturer of ketamine (Pfizer) provided search results from their in-house database,
PARDLARS.

Selection criteria
Randomised controlled trials (RCTs) of adult patients undergoing surgery, being treated with perioperative ketamine or placebo. Studies
where ketamine was administered in addition to a basic analgesic (such as morphine or NSAID) in one study group, and compared
with a group receiving the same basic analgesic (but without ketamine) in another group, were also included.

Data collection and analysis
Two independent reviewers identified fifty five RCTs for potential inclusion. Quality and validity assessment was performed by two
independent reviewers. In the case of discrepancy, a third reviewer was consulted. Patient reported pain intensity and pain relief was
assessed using visual analogue scales or verbal rating scales and adverse effects data were collated.

Main results
Thirty-seven trials were included (2240 participants). Eighteen trials were excluded.Twenty-seven of the 37 trials found that perioperative
subanaesthetic doses of ketamine reduced rescue analgesic requirements or pain intensity, or both. Quantitative analysis showed that
treatment with ketamine reduced 24 hour PCA morphine consumption and postoperative nausea or vomiting (PONV). Adverse effects
were mild or absent.

Authors’ conclusions
Ketamine in subanaesthetic dose (that is a dose which is below that required to produce anaesthesia) is effective in reducing morphine
requirements in the first 24 hours after surgery. Ketamine also reduces postoperative nausea and vomiting. Adverse effects are mild or
absent.

P L A I N L A N G U A G E S U M M A R Y

Perioperative ketamine in subanaesthetic dose reduces postoperative morphine requirements and reduces postoperative nausea or
vomiting (PONV).
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Adverse effects for perioperative ketamine are mild or absent. The current data cannot be translated into a specific treatment regime.

B A C K G R O U N D

Adverse effects such as nausea and vomiting often limit postopera-
tive pain management. There are a number of reasons for postop-
erative nausea and vomiting (PONV), and these have been exhaus-
tively discussed in the anaesthetic literature. One possible factor
is the use of opioids and adjuvant treatment with opioid-sparing
drugs such as ketamine may be of value in giving better analgesia
with fewer adverse effects (Schmid 1999).

Ketamine is a phencyclidine derivative developed in the 1960’s
as a general anaesthetic. Ketamine hydrochloride is given intra-
venously or intramuscularly for surgical anaesthesia. Ketamine is
also used as an adjuvant to opioids in the treatment of refractory
pain in cancer patients (Bell 2003), in the treatment of neuropathic
pain (Fisher 2000), and in the treatment of acute postoperative
pain (Schmid 1999), although not licensed for these conditions.
Ketamine for postoperative pain may be administered before in-
cision, after incision, or in the postoperative period, and is usually
given as an adjuvant to systemic opioid, for example patient-con-
trolled analgesia (PCA). Routes of administration include intra-
venous, subcutaneous, epidural, transdermal and intra-articular.
Ketamine was previously only available as a racemic mixture of two
enantiomers, S(+) and R(-) ketamine. The S(+) isomer has been
shown to be approximately twice as potent as the racemic mixture
(Arendt-Nielsen 1996). S(+) ketamine has recently been approved
for clinical use in countries such as Finland and Germany. Clinical
use of ketamine is limited due to psychotomimetic adverse effects
such as hallucinations and bad dreams. Other common adverse
effects are dizziness, blurred vision, and nausea and vomiting.

Opioids are traditionally used as a part of general anaesthesia and
for the treatment of acute postoperative pain. Recent research in-
dicates that opioids produce not only analgesia, but also hyper-
algesia (Mao 2002). Consequently, perioperative (pre, per, and
postoperative) opioids may increase postoperative pain and opioid
requirements (Guignard 2000). Central sensitization includes an
altered processing of innocuous, tactile impulses from myelinated
afferents so that activation of these fibres produces painful sen-
sations (Woolf 2000). The neurophysiological and biochemical
mechanisms of these alterations include a decrease in inhibitory
input or an increase in synaptic efficacy or membrane excitabil-
ity, mediated by wind-up and neurokinin and N-methyl-D-aspar-
tic acid receptor mechanisms (NMDA receptors) (Woolf 2000).
Wind-up is a phenomenon whereby responses of dorsal horn neu-
rones increase during repetitive, constant intensity, C-fiber stim-
uli, i.e. increased duration and magnitude of the cell responses.
Blockade of NMDA receptors has been shown in animal studies to
prevent the development of increased pain sensitivity and opioid
tolerance (Price 2000; Mao 2002). Ketamine is a non-competitive

NMDA receptor antagonist. NMDA receptor blocking could be a
fruitful therapy for improving postoperative opioid effectiveness.
Ketamine could, in addition to having an opioid sparing effect,
conceivably reduce the development of chronic postoperative pain
through NMDA receptor blockade and reduction of wind-up and
central sensitization.

Published literature indicates that ketamine is used in the peri-
operative setting in countries such as Greece, Brazil, India, Ger-
many, UK, Israel, France, China, Denmark, Norway, and Japan
for anaesthesia or as an adjuvant analgesic. However, current use of
ketamine in this setting involves different practice regarding dose,
route of administration and time of administration. A literature
review based on an electronic search of the MEDLINE database
from 1966-1998 (Schmid 1999) concludes that the role of ke-
tamine remains controversial, but that low-dose ketamine (defined
as a bolus dose of less than 2 mg/kg when given intramuscularly or
less than 1 mg/kg when administered via the intravenous or epidu-
ral route) as an adjuvant to opioids or local anaesthetics may have
an important role to play in the treatment of acute postoperative
pain. This review will consider the evidence for the efficacy and
tolerability of ketamine in the treatment of acute postoperative
pain in adults.

O B J E C T I V E S

To evaluate the effectiveness and tolerability of ketamine adminis-
tered perioperatively (pre, per, and postoperative) in the treatment
or prevention of acute, postoperative pain in adults.

C R I T E R I A F O R C O N S I D E R I N G

S T U D I E S F O R T H I S R E V I E W

Types of studies

Randomized, placebo-controlled trials described as double-
blinded and where each group had a minimum of ten patients
who had completed the study were included. Studies where ke-
tamine was administered in addition to a basic analgesic (such as
morphine or NSAID) in one study group, and compared with a
group receiving the same basic analgesic (but without ketamine)
in another group, were also included. All identified published tri-
als were considered eligible. Only complete studies, not abstracts,
were included. Duplicate publications are reported but excluded
from the analysis.
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Types of participants

The population addressed by the review were patients aged 18
years or above, undergoing a surgical procedure.

Types of intervention

The intervention considered by this review was treatment with
ketamine, given systemically or spinally, in any dose during the
perioperative period. Participants received ketamine or placebo,
or both ketamine and basic analgesic or basic analgesic alone.

The ketamine or placebo or basic analgesic was administered:
A: As a bolus dose prior to incision (pre-incisional bolus)
B: As a bolus dose immediately after incision or at wound closure
(post-incisional bolus)
C: An infusion (or repeated by-the-clock dosing) begun prior to
incision
D: Same as C, but begun after incision
E: As a postoperative bolus or infusion, including PCA

Types of outcome measures

The primary outcome measure

• For studies using PCA (E above) was total consumption of
opioids or other analgesics for up to 48 hours after surgery.

• For studies not assessing or using PCA, and in the absence of
rescue medication, was pain intensity assessed using subjective,
validated measures of pain on movement and at rest (e.g., vi-
sual analogue scale of pain intensity (VASpi) or other validated
scales). If rescue medication was given, the consumption of res-
cue medication was used as the outcome (Kalso 2002).

Secondary outcome measures included:

• Time from end of surgery to first request for analgesia/first
trigger of PCA.

• Major and minor adverse events as judged by the author of
the study, such as hallucinations, bad dreams, dizziness, blurred
vision, sedation, nausea, and vomiting.

S E A R C H M E T H O D S F O R

I D E N T I F I C A T I O N O F S T U D I E S

See: Pain, Palliative and Supportive Care Group methods used in
reviews.

ELECTRONIC DATABASES
To identify studies for inclusion in this review, detailed search
strategies were developed for each electronic database searched.
These searches were based on the search strategy developed for
the Cochrane Central Register of Controlled Trials (CENTRAL)
and revised appropriately for each database. The subject search
used a combination of controlled vocabulary and free text terms
as follows:

#1. KETAMINE single term (MeSH)
#2. ketamine OR ketalar
#3. (#1 or #2)
#4. PAIN POSTOPERATIVE single term (MeSH)
#5. (postoperat* near pain*)
#6. (pain* next following next surg*)
#7. (pain* next following next treat*)
#8. (pain* next following next operat*)
#9. post-operat* pain
#10. ((post near surg*) or postsurg* OR post-surg*)
#11. ((post near operat*) or postoperat* OR post-operat*)
#12. pain*
#13. #10 AND #11
#14. (#13 and #12)
#15. (post-operat* near analgesi*)
#16. (postoperat* near analgesi*)
#17. (post-surg* near analgesi*)
#18. (postsurg* near analgesi*)
#19. (analgesi* near (following next surg*))
#20. (analgesi* next following next operat*)
#21. (#4 or #5 or #6 or #7 or #8 or #9 or #14 or #15 or #16 or
#17 or #18 or #19 or #20)
#22. (#3 and #21)

The search strategies for EMBASE and PARDLARS are given in
Table 01.

The following electronic databases were searched:

1. Cochrane Pain, Palliative & Supportive Care Register (current
issue)
2. The Cochrane Central Register of Controlled Trials
(CENTRAL): The Cochrane Library (June 2004)
3. MEDLINE (1966 -June 2004)
4. EMBASE (1980 -June 2004)
5. PARDLARS (Pfizer Corporation’s in-house database) February
2003

HANDSEARCHING
Journals were not hand searched. Abstracts were checked to see if
they had been published. Reference lists were handsearched (see
below).

REFERENCE LISTS
The reference lists of all eligible trials, key textbooks, and relevant
systematic reviews were searched for additional studies.

UNPUBLISHED DATA
The manufacturers of ketamine (Ketalar), Pfizer plc, were
contacted to request access to relevant research material and
unpublished data.

LANGUAGE
There was no language restriction. The search attempted to
identify all relevant studies irrespective of language. Non-
English papers were assessed and, if necessary, translated with the
assistance of a native speaker.
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M E T H O D S O F T H E R E V I E W

STUDY SELECTION
All identified records from each of the databases were examined.
The titles and abstracts of studies were studied independently by
two reviewers (RB, EK) and potentially relevant studies, including
review articles, were retrieved for assessment for inclusion in the
review. Each trial report which appeared to meet the criteria was
independently assessed for inclusion by three reviewers (RB, JBD,
EK).

DATA EXTRACTION
A data extraction form was designed and the following data items
were collected:

1. Publication details
2. Patient population, number of patients, age, surgical procedure
3. Description of intervention
4. Design, study duration and follow up
5. Outcome measures
6. Analgesic outcome results
7. Withdrawals and adverse effects

STUDY QUALITY AND VALIDITY
Study quality (randomization/allocation concealment; details of
blinding measures (Colditz 1989; Schulz 1995); withdrawals and
dropouts; overall quality score) were evaluated using the three item
(1-5) Oxford Quality scale (Jadad 1996).

Validity was evaluated using the 5 item (1-16) Oxford Pain Validity
Scale (OPVS) (Smith 2000). Heterogeneity tests were not used as
they have previously been shown to be unhelpful (Morris 1995;
Gavaghan 2000) although clinical homogeneity was examined
visually (Higgins 2002). Scoring was performed independently
by two reviewers (RFB, EK). In the case of discrepancy, a third
reviewer (JBD) was consulted.

ANALYSIS
Both dichotomous and continuous data were extracted. Meta-
analysis was performed where appropriate. The data did not permit
calculation of odds ratios, numbers needed to treat (NNTs) or
numbers needed to harm (NNHs) with 95% confidence intervals.
Continuous data were analysed as weighted mean differences
(WMD).
Subgroup analysis was not possible due to the heterogeneity of the
trials.

D E S C R I P T I O N O F S T U D I E S

The searches identified a total of 165 possible titles. Seventy-three
were excluded. Eighteen were not clinical trials. Thirty-eight were
abstracts. Thirteen trials did not concern postoperative pain. One
was a retrospective study. One paper (Gilabert Morell 2002) was
irretrievable. Two were duplicates (Dick 1983, Knoche 1983). In
addition, eight trials were not randomised and fifteen did not have

an appropriate control. Fourteen trials were not described as dou-
ble-blind. A total of 55 randomised, controlled, double-blind clin-
ical trials of perioperative administration of ketamine for postop-
erative pain control were identified. Eighteen trials were excluded:
five due to the adminstration form of ketamine) (two transder-
mal, two intra-articular, one wound instillation). Four trials were
excluded because groups contained less than the minimum of ten
patients who had completed the study. Nine trials were excluded
due to methodological flaws. Details of these 18 trials may be seen
in the table of excluded studies.
Thirty-seven trials with 53 treatment arms met the inclusion cri-
teria (2240 participants). One study in Turkish (Talu 2002) was
assessed with the help of a native speaker. Details of these trials
may be seen in the table of included studies and in Additional
Table 1.

These 37 trials with 53 treatment arms could be divided into:
A. 13 treatment arms with a preincisional IV or IM bolus of ke-
tamine compared with placebo
B. 7 treatment arms with an IV-bolus of ketamine at wound closure
compared with placebo
C. 13 treatment arms with a perioperative continuous infusion/
repeated boluses of IV-ketamine compared with placebo
D. 7 treatment arms with administration of a preincisional bolus
of epidural ketamine
E. 3 treatment arms with administration of a postincisional bolus
of epidural ketamine
F. 2 treatment arms with administration of a continuous periop-
erative epidural infusion of ketamine compared with placebo
G. 2 treatment arms with intraoperative IV ketamine versus
placebo combined with postoperative PCA ketamine/morphine
versus PCA morphine
H. 4 treatment arms with postoperative IV PCA ketamine/mor-
phine, compared with IV PCA morphine
I. 2 treatment arms with patient-controlled epidural analgesia
(PCEA) ketamine +morphine (and other drugs), compared with
PCEA morphine (and other drugs)

Twenty-six trials had a placebo control while 11 trials with ke-
tamine in addition to a basic regimen with morphine was com-
pared with morphine alone. A total of 2137 patients, of which
1210 received ketamine, were studied. Pain was rated using visual
analogue scale (VAS) in 34 trials, and a verbal rating scale (VRS)
was used in three.

The most common route of administration of ketamine was in-
travenous, as a bolus or infusion, or both. In six trials ketamine
was administered as an epidural bolus. PCA ketamine was used in
four studies and PCEA ketamine in two. Thirty-two trials used
racemic ketamine, four trials used S (+) ketamine and one trial
used the R (-) isomer.

A. Studies with administration of a preincisional IV or IM bolus
of ketamine compared with placebo
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Twelve trials with 13 treatment arms compared a preincisional
bolus dose of ketamine with placebo. R (-) ketamine was used
in one treatment arm (Mathisen 1999), S(+) ketamine in one
treatment arm ( Argiriadou 2004) and racemic ketamine in 11
treatment arms.
The retrieved trials were heterogeneous. The doses of ketamine
varied almost seven-fold, from 0.15 to 1.0 mg/kg IV. Different
analgesics and treatment regimens were employed for rescue med-
ication, and the surgical procedures included various gynaecologi-
cal, abdominal, and orthopedic operations. Due to this disparity, a
meta-analysis of the combined results was not considered rational.
In one of these trials having two treatment arms, one pre and one
postincisional, all patients had been pretreated with IM ketoro-
lac together with preincisional skin infiltration with bupivacaine
(Mathisen 1999). This trial was scored as non-sensitive.

B. Studies with administration of an IV-bolus of ketamine at
wound closure compared with placebo
Five trials with seven treatment arms compared a postincisional
bolus dose of ketamine with placebo. R (-) ketamine was used
in one (Mathisen 1999), and racemic ketamine in six treatment
arms.
Again the trials were heterogenous and involved such different
surgical procedures as elective outpatient surgery and abdominal
hysterectomy. Ketamine doses ranged from 0.05 to 1 mg/kg. Two
studies (Menigaux 2000, Mathisen 1999) used PCA opioid for
postoperative pain and three studies used incremental IV-opioid
bolus on request.

C. Studies with administration of a perioperative continuous in-
fusion/repeated boluses of IV-ketamine compared with placebo
Eleven trials with 13 treatment arms compared a perioperative
continuous intravenous infusion/repeated IV bolus of ketamine
with placebo. A ketamine infusion was used in 12 treatment arms,
and repeated intraoperative bolus of ketamine at twenty minute
intervals in one (Argiriadou 2004). S (+) ketamine was used in
two treatment arms (Argiriadou 2004; Jaksch 2002) and racemic
ketamine in 11.
The surgical procedures varied and included predominantly major
abdominal and renal surgery. There was clinical heterogeneity,
with wide variation in the total ketamine dose administered due to
different doses and duration of infusions. In seven treatment arms,
the infusion was commenced prior to incision and continued until
skin closure. In one treatment arm, ketamine was commenced
prior to incision and infused until a total dose of 2 mg/kg had been
given (Kakinohana 2004). In five treatment arms, the infusion
was commenced prior to incision and continued for 2-72 hours
postoperatively. In two treatment arms, a ketamine infusion was
commenced after surgery and continued in one arm for 24 hours
(Adriaenssens 1999) and in the other for 48 hours (Guillou 2003).
Different analgesics and treatment regimens were employed for
rescue medication, one treatment arm (Adriaenssens 1999) inves-
tigated PCA IV ketamine. Eight arms used PCA morphine for
postoperative pain (table 3) while two arms used patient controlled

epidural analgesia (PCEA) morphine ( Aida 2000 A,B) and two
arms used PCEA morphine and bupivacaine (Kakinohana 2004,
Kararmaz 2003).
In one arm, all patients received epidural bupivacaine 2.5 mg/ml,
4 ml/hr for 0-24 hours postoperatively (Ilkjær 1998). This was a
trial with negative outcome and was considered potentially non-
sensitive. However, since the patients experienced pain above 30
on the VAS during movement in the early postoperative period,
and to avoid bias, the trial was included in the quantitative analysis.

D. Studies with administration of a preincisional bolus of epidural
ketamine
Seven trials with seven treatment arms investigated a preincisional
epidural bolus of ketamine. Two trials with two treatment arms
investigated a preincisional epidural bolus of ketamine and mor-
phine compared with morphine alone. Racemic ketamine was
used in six treatment arms, while S(+) ketamine was used in one
(Himmelseher 2001). These trials concerned major surgical pro-
cedures such as total abdominal hysterectomy, colectomy, gastrec-
tomy and total knee arthroplasty. The ketamine doses varied from
0.25 mg/kg bolus to 1 mg/kg.

E.Studies with administration of a postincisional bolus of epidural
ketamine
Three trials with three treatment arms investigated a postinci-
sional epidural bolus of ketamine. Two trials investigated epidural
ketamine + morphine, compared with epidural morphine alone
(Santawat 2002, Subramaniam 2001(b)). One trial compared
epidural ketamine with placebo (Abdel-Ghaffar 1998). All trials
used racemic ketamine. Two trials used a ketamine dose of 30 mg
while the third trial used a dose of 1 mg/kg.

F.Studies with administration of a continuous perioperative epidu-
ral infusion of ketamine compared with placebo
One trial with two treatment arms (De Kock 2001) investigated
an epidural bolus of ketamine followed by an epidural infusion of
ketamine until the end of surgery, compared to a control group
(no ketamine). This trial used racemic ketamine at a dose of 0.25
mg/kg bolus + 0.125 mg/kg/h in one treatment arm and 0.5 mg/kg
and 0.25 mg/kg/h in the other.

G. Studies with intraoperative IV ketamine versus placebo com-
bined with postoperative PCA ketamine/morphine versus PCA
morphine
Two trials with two treatment arms investigated intraoperative
IV ketamine combined with postoperative PCA ketamine + mor-
phine, compared to peroperative placebo and postoperative PCA
morphine. One trial (Snijdelaar 2004) used a preincisional IV bo-
lus of S (+) ketamine 0.1 mg/ kg followed by a continuous infusion
of 0.002 mg/kg/min until skin closure and IV PCA ketamine +
morphine, with bolus dose of 0.5 mg ketamine + 1 mg morphine.
The second trial (Hercock 1999) used a single 0.3 mg/kg IV bolus
of racemic ketamine after induction and postoperative IV PCA
ketamine 1 mg/ml + morphine 1 mg/ml.
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H.Studies with postoperative IV PCA ketamine/morphine, com-
pared with IV PCA morphine
Four trials with four treatment arms investigated postoperative
IV PCA ketamine + morphine, compared to IV PCA morphine.
Racemic ketamine was used in all trials. Doses ranged from 0.75
to 2 mg/ml. The morphine dose was 1 mg/ml in three trials and
0.4 mg/ml in one trial. One trial was judged to be potentially non-
sensitive since 60-70% of the patients were pain free for the first
four hours after surgery (Murdoch 2002).

I.Studies with PCEA ketamine +morphine (and other drugs),
compared with PCEA morphine (and other drugs)
Two trials with two treatment arms investigated PCEA ketamine
+ morphine , compared with PCEA morphine. These studies were
performed in patients undergoing major thoracic or abdominal
surgery. Racemic ketamine was used in both treatment arms. One
treatment arm used a multimodal PCEA regime, with a basal infu-
sion of ketamine 0.4 mg/ml + morphine 0.02 mg/ml, in addition
to bupivacaine and epinephrine, and a bolus dose of 2.5 ml (Chia
1998). The other treatment arm used a loading dose of ketamine 5
mg + morphine 1 mg, followed by a basal infusion with ketamine
0.5 mg/ml + morphine 0.2 mg/ml, 1 ml/h and 1 ml bolus (Tan
1999).

M E T H O D O L O G I C A L Q U A L I T Y

The included studies were assessed by three independent reviewers
using two quality measures: the Oxford scale (Jadad 1996) and
the Oxford Pain Validity Scale (Smith 2000).
Quality and validity scores were generally high with a mean quality
score of 3.9 and a mean validity score of 10.3. Three trials were
considered non-sensitive (Ilkjær 1998, Mathisen 1999, Murdoch
2002).

R E S U L T S

A. Studies with administration of a preincisional IV or IM bolus of
ketamine compared with placebo (13 treatment arms, N (ketamine
treated) =266)
Postoperative analgesic requirements were reduced by preinci-
sional ketamine bolus in eight out of 13 treatment arms. In one
treatment arm postoperative morphine consumption was reduced
by over 50% (Kwok 2004). In two treatment arms, postopera-
tive morphine consumption was reduced by over 40% (Menigaux
2000; Roytblat 1993). In one treatment arm, the number of pa-
tients requiring morphine was reduced from 9/25 to 3/25 (Meni-
gaux 2001). In two treatment arms the number of rescue doses
of IM diclofenac was reduced from 4 to 2, and from 3 to 1.5,
respectively (Lauretti 1996). In five treatment arms there was no
significant difference in postoperative analgesic requirements be-
tween ketamine and placebo groups.

VAS pain scores were reduced for up to 24 hours postoperatively
in seven of the 13 treatment arms.

B. Studies with administration of an IV-bolus of ketamine at
wound closure compared with placebo (seven treatment arms, N
(ketamine treated) =212)
In three of seven treatment arms, postoperative morphine require-
ments were reduced by postincisional ketamine. In one trial, mor-
phine consumption was reduced by 50% (Menigaux 2000). In an-
other trial with three treatment arms, ketamine doses of 75µg/kg
and 100 µg/kg IV, given together with morphine 50 µg/kg IV
reduced postoperative morphine requirements by approximately
40% (Suzuki 1999). A ketamine dose of 50µg/kg IV had less effect
on both morphine consumption and pain scores.

VAS pain scores were reduced in four out of seven treatment arms:
for up to 45 minutes postoperatively in three treatment arms and
up to six hours postoperatively in one treatment arm. In three
treatment arms there was no significant difference in VAS pain
scores.

C. Studies with administration of a perioperative continuous in-
fusion/ repeated boluses of IV-ketamine compared with placebo
(13 treatment arms, N (ketamine treated) =290)
Ketamine treatment reduced postoperative analgesic requirements
in 9 out of 13 treatment arms. In one treatment arm, mor-
phine consumption was reduced by approximately 30% (Guig-
nard 2002). In another trial with two ketamine treatment arms,
the combination of peroperative epidural morphine and IV ke-
tamine gave 100% reduction in postoperative morphine require-
ments, while IV ketamine gave approximately 14% reduction
(Aida 2000). In one treatment arm, PCA morphine consumption
was reduced approximately 30 % from 0-24 hours, while cumula-
tive morphine requirements at 48 hours in the placebo group were
almost twice that of the ketamine group (Adriaenssens 1999).

VAS pain scores were reduced in seven out of 13 treatment arms:
at one hour in two arms, up to six hrs in two arms, and up to 48
hours postoperatively in another two treatment arms (Aida 2000).
In one treatment arm, both VAS at rest and on movement were
reduced at all time points (Kakinohana 2004). In one treatment
arm VAS at rest was reduced from 0-6 hrs, while VAS on coughing
was reduced at all timepoints (Kararmaz 2003). There was no
difference detected in pain scores in 6 of 13 treatment arms.

D. Studies with administration of a preincisional bolus of epidural
ketamine (seven treatment arms, N (ketamine treated) = 119)
Consumption of rescue analgesics was reduced in only two out of
seven treatment arms. In one treatment arm, the consumption of
PCEA bupivacaine and fentanyl was reduced approximately 50%
4-24 hours postoperatively (Abdel-Ghaffar 1998).
Pain scores were reduced in three out of seven treatment arms.
One trial did not provide pain score data (Subramaniam 2001(a)).

E.Studies with administration of a postincisional bolus of epidural
ketamine (three treatment arms, N (ketamine treated)=61)
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Analgesic consumption was reduced in two out of three treatment
arms. Two treatment arms found no difference in pain scores. The
third trial (Subramaniam 2001(b)) did not provide pain score data.

F.Studies with administration of a continuous perioperative epidu-
ral infusion of ketamine compared with placebo (two treatment
arms, N (ketamine treated)=40)
There was no significant difference in postoperative analgesic con-
sumption or pain scores.

G. Studies with intraoperative IV ketamine versus placebo com-
bined with postoperative PCA ketamine/morphine versus PCA
morphine (two treatment arms, N(ketamine treated)=37
Cumulative morphine consumption and pain scores at rest were
reduced in one treatment arm (Snijdelaar 2004). There was no
difference in morphine consumption or pain scores in the other
treatment arm.

H.Studies with postop IV PCA ketamine/morphine, compared
with IV PCA morphine (four treatment arms, N (ketamine
treated)=110
Morphine consumption was reduced in two out of four treatment
arms. In one trial (Javery 1996), mean morphine consumption
was reduced by 50%, from 51.1 mg to 25.82 mg.
Pain scores were reduced in three out of four treatment arms.

I.Studies with PCEA ketamine +morphine (and other drugs),
compared with PCEA morphine (and other drugs) (2 treatment
arms, N (ketamine treated) =75)
Analgesic consumption was reduced in both treatment arms. In
one treatment arm, the mean 24 hour cumulative analgesic volume
was reduced from 96.6 ml to 74 ml. In the other treatment arm,
the 24 hour mean morphine consumption was reduced from 8.6
mg to 6.2 mg.
Pain scores were reduced in both treatment arms. VAS at rest and
on coughing was reduced on Day one in one, and VAS at rest was
reduced from 0-3 hours in the other.

In summary, the need for rescue medication was reduced in 29 out
of 53 treatment arms, whereas VAS or VRS pain intensity scores
were reduced in 27 out of 51 treatment arms, pain score data not
being given in the two remaining arms. No study reported an
increased need for rescue medication, or higher VAS scores in the
ketamine group.

When individual trials, rather than treatment arms, were exam-
ined, 27 out of 37 trials found that perioperative ketamine reduced
rescue analgesic requirements or pain intensity, or both.

Ketamine dose
All trials used ketamine in subanaesthetic dose. The question of
optimal ketamine dose is not resolved by these heterogenous tri-
als. Out of interest, we wanted to see whether there was a dose-
dependent effect. Using an “average” weight of 70 kg, we roughly
calculated the mean 24 hour dose of ketamine for each of the tri-
als included in the 24 hr PCA morphine meta-analysis. The trials

could be divided into 4 groups: one group with an estimated dose
of approximately 10 mg, one group with estimated dose of about
30 mg, a third group with estimated dose of about 65 mg and a
fourth group with estimated dose 250-270 mg. Interestingly there
seemed to be no increased morphine-sparing effect on increasing
the ketamine dose above an estimated dose of 30 mg/ 24 hours.

Adverse effects
Two trials (Aida 2000, Talu 2002) did not report on adverse effects.
In general, the occurrence of adverse effects was similar in ketamine
and placebo treated groups.

Psychotomimetic adverse effects
Twenty-one of 37 trials specifically stated that there were no psy-
chotomimetic adverse effects such as hallucinations, bad dreams
or dysphoria. Psychotomimetic adverse effects were reported in
four trials (Burstal 2001, Ilkjær 1998, Javery 1996, Subramaniam
2001(b)). Ilkjær 1998 reported that two patients in the ketamine
group, and one in the placebo group, experienced psychomimetic
side effects. Burstal 2001 reported withdrawal of four patients in
the ketamine group due to dysphoria. Subramaniam 2001(b) re-
ported one patient developing hallucinations after preoperative ad-
ministration of ketamine, but no psychotomimetic adverse effects
in the postoperative period. Javery 1996 reported one patient in
the ketamine group experiencing dysphoria, compared with three
in the control group.

Nausea and vomiting
One trial reported significantly less nausea in the ketamine treated
group compared to placebo (Adriaenssens 1999). One trial re-
ported significantly less nausea in the ketamine + morphine
treated group, compared with the morphine group (Javery 1996).
One trial reported significantly less nausea, vomiting and use of
antiemetics in the ketamine group on the first postoperative day
(Stubhaug 1997).

Sedation
Four trials (Guignard 2002; Ilkjær 1998; Mathisen 1999; Sub-
ramaniam 2001(a)) reported increased sedation in the ketamine-
treated groups: Ilkjær 1998 reported significantly higher seda-
tion scores for 0-24 hours after surgery. Guignard 2002 reported
higher sedation scores for the first 15 minutes after extubation.
Mathisen 1999 found that the placebo-treated group opened their
eyes significantly faster and were extubated earlier than the R(-
) ketamine treated groups. Subramaniam 2001(a) reported high
sedation scores in six patients in the ketamine group, compared
to none in the control group, for the first two hours after surgery,
but no difference thereafter.

Diplopia
Diplopia as an adverse effect of ketamine was reported in three
trials (Adriaenssens 1999, Jaksch 2002, Kararmaz 2003). Adri-
aenssens 1999 reported that two out of 15 ketamine treated pa-
tients experienced diplopia, while Jaksch 2002 reported diplopia
in one out of 15 patients in the ketamine group. Kararmaz 2003
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reported diplopia in three ketamine-treated patients, compared
with none in the control group.

Quantitative Data Synthesis
The data did not permit the calculation of odds ratios, numbers-
needed-to-treat (NNTs) or numbers-needed-to-harm (NNHs).

Meta-analysis of studies employing postoperative PCA-morphine
Twelve trials (Adriaenssens 1999; De Kock 2001; Guignard 2002;
Guillou 2003; Ilkjær 1998; Jaksch 2002; Javery 1996; Menigaux
2000; Murdoch 2002; Roytblat 1993; Snijdelaar 2004; Stubhaug
1997) provided data on 24 hour cumulative IV PCA morphine
consumption. The authors of nine trials were contacted in order to
get the data expressed as means +/- SD. Six authors kindly provided
the necessary data. Though the author of one trial (Roytblat 1993)
could not be contacted, the data could be extracted from a figure.
In two trials (De Kock 2001, Murdoch 2002) it was not possible
to obtain the requested data.

In a total of 10 trials with 11 treatment arms and a total of 432
patients, treatment with ketamine significantly reduced PCA mor-
phine consumption in the first 24 hours after surgery (WMD
-15.98 mg with 95% CI (-19.70,-12.26 )).

Meta-analysis of adverse effects with ketamine
Twenty-six out of 37 trials provided dichotomous data on nausea
and vomiting, or nausea or vomiting. The total number of pa-
tients in the comparison was 1261. When all data was combined,
treatment with ketamine significantly reduced postoperative nau-
sea and vomiting (p=0.001). When the data for nausea and for
vomiting alone were analysed, treatment with ketamine reduced
nausea (p=0.03) and vomiting (p=0.002). When the data from tri-
als included in the 24 hour PCA morphine consumption analysis
was examined separately, ketamine reduced nausea and vomiting
(p=0.03).

D I S C U S S I O N

The objective of this systematic review was to assess the effective-
ness and adverse effects of perioperative ketamine in the treatment
of acute postoperative pain. Twenty-seven of 37 trials found that
perioperative ketamine reduced rescue analgesic requirements or
pain intensity, or both. Ten trials found no significant difference
between ketamine and placebo, three of which were considered
non-sensitive.

During the preparation of this review, two systematic reviews in-
vestigating ketamine for postoperative pain were published (Sub-
ramaniam 2004, Elia 2005). The authors of the first review (Subra-
maniam 2004) included 37 trials, including studies performed in
children and also some trials excluded by our review. The primary
outcome considered by the Subramaniam review was VAS scores
in the first 24 hours after surgery. Due to the heterogeneity of the
data, we have chosen to restrict quantitative analysis to 24 hour

PCA morphine consumption and data on PONV. PCA morphine
requirement is not the same as postoperative analgesic efficacy and
not directly translatable to effect on postoperative pain, however
use of rescue medication and pain intensity scores are common
outcome measures in studies of postoperative pain.
The second review (Elia 2005) has similar findings to our own,
with ketamine giving a clear decrease in 24 hour cumulative mor-
phine consumption with a weighted mean difference of -15.7 mg.
In contrast to our review, the authors found no decrease in PONV.
This review included studies performed in children and in adults.

Ten trials with 11 treatment arms and 417 patients in the compar-
ison, provided extractable data on 24 hour PCA morphine con-
sumption. When this data was combined, ketamine was shown
to be effective in reducing postoperative morphine requirements.
This should be interpreted with caution since the number of pa-
tients is small, and doses and time of administration differ widely
between trials. Performing separate meta-analysis on data from the
separate treatment arms was considered but decided against, since
the data were heterogenous and the number of patients in each
analysis would be very small. The meta-analysis gave a weighted
mean difference (WMD) of 15.98 mg. The clinical relevance of
this dose reduction in the first 24 hours after surgery may be de-
bated. When individual trial data were examined, including trials
that were not included in the quantitative analysis, ketamine was
generally reported to give a 30-50% reduction of rescue analgesics.
A reduction of this order may well be clinically significant, espe-
cially in selected patient groups. Perioperative ketamine may be
useful for patients who traditionally require larger doses of opioids,
such as cancer patients on long-term opioid therapy or the drug-
dependent patient population. Patients who are especially sensitive
to the adverse effects of opioids, such as the elderly, may also be a
target group for this treatment. Randomised, placebo controlled
trials in these patient groups would be clinically relevant.

Elia et al. found that ketamine treatment did not reduce morphine-
related adverse effects. They also found that the highest risk of
hallucinations was in awake or sedated patients receiving ketamine
without benzodiazepine, and that in patients undergoing general
anaesthesia, the risk of hallucinations was low and independent of
benzodiazepine premedication. In this review where surgery was
performed under general anaesthesia in 35 of the 37 included tri-
als, ketamine-related adverse effects were mild or absent. Elia et al.

analysing data from 391 patients treated with ketamine and 284
patients receiving control, found no decrease in PONV. In con-
trast, our analysis of data from 705 patients treated with ketamine
and 578 patients receiving control, showed a significant reduction
of nausea and vomiting in ketamine-treated patients.

Issues of optimal dose and form of administration are not resolved
by these trials. The most common route of administration for ke-
tamine was intravenous bolus or infusion, or both, while 10 stud-
ies investigated epidural ketamine. Spinal ketamine is not a rec-
ommended route of administration due to unclear toxicity issues
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(Schmid 1999). Whether the isomers S(+) or R(-) ketamine have
advantages over the racemate is not clear from the current data.

Three studies (Ilkjær 1998; Mathisen 1999; Murdoch 2002) were
considered to be non-sensitive. The issue of study sensitivity in
trial design is important. In general, sensitivity measures cannot be
used for studies with PCA analgesic consumption as an endpoint
(Kalso 2002). However, there are a number of factors which may
decrease study sensitivity and which should be considered when
designing clinical trials on postoperative pain. In one trial, all pa-
tients received a constant infusion of bupivacaine postoperatively
(Ilkjær 1998) while in another, all patients received pretreatment
with ketorolac and preincisional skin infiltration with bupivacaine
(Mathisen 1999). These factors may have been responsible for low
levels of pain. These studies could produce false negative results
as they would be unable to detect a difference between ketamine
and placebo had there been one.

Only one study (De Kock 2001) included long-term follow-up
regarding mechanical hyperalgesia and residual pain. An impor-
tant question which has not been addressed in the current litera-
ture is whether ketamine prevents the development of hyperalgesia
during surgery and/ or the development of chronic postsurgical
pain. NMDA receptor antagonists, including ketamine, have been
shown to prevent the development of hyperalgesia (Eide 1994,
Angst 2003). Chronic postsurgical pain is more common than pre-
viously thought (Kalso 1992; Perttunen 1999; Nikolajsen 2004;
Perkins 2000). Certain types of surgical intervention, for example
thoracotomy and mastectomy, have a relatively high prevalence
of chronic postsurgical pain. Studies with long term follow-up in
these patient groups would therefore be of interest.

Ketamine is a readily available, inexpensive drug. It is generally
thought that it has limited usefulness in pain management due
to adverse effects. This is not supported by the current evidence
in relation to acute postoperative pain in adults where adverse ef-
fects were mild or absent. In fact, ketamine reduces postopera-
tive nausea and vomiting. Because both ketamine and morphine
are reported to cause nausea and vomiting, it is interesting that a
combination of morphine and ketamine appears to reduce PONV.
When low-dose ketamine is given to healthy volunteers, the in-
cidence of nausea and vomiting appears to be greater than that
reported in the clinical setting (Schmid 1999). The observed re-
duction in PONV in the studies included in this review may be
due to a morphine-sparing effect or to other as yet undetermined
factors. Not all trials provided extractable data regarding nausea
and vomiting. It is recommended that future trials report adverse
effects as dichotomous data.

The large number of papers retrieved shows that there is consid-
erable interest in the use of ketamine for acute postoperative pain.
A number of studies are only published as abstracts. It will be in-

teresting to see whether they are ultimately published, and how
the new data will contribute to current findings.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

Ketamine in subanaesthetic dose is effective in reducing morphine
requirements in the first 24 hours after surgery. Adverse effects
are mild or absent. Ketamine reduces postoperative nausea and
vomiting.
The retrieved studies were heterogenous and the result of the meta-
analysis can not be translated into any specific administration-
regimen with ketamine.

Implications for research

Future trials should focus on optimal dose, dosing time and dos-
ing periods, and have long-term follow-up with regard to the de-
velopment of hyperalgesia and chronic postsurgical pain. Trials of
perioperative ketamine in selected patient groups where opioid-
sparing is desirable would be of interest. Better reporting of ad-
verse effects, for example as dichotomous data, is required.

P O T E N T I A L C O N F L I C T O F

I N T E R E S T

RFB, JBD, RAM and EK have consulted for various pharmaceuti-
cal companies. RFB, JBD, RAM and EK have received lecture fees
from pharmaceutical companies related to analgesics. No author
has any direct stock holding in any pharmaceutical company.

A C K N O W L E D G E M E N T S

Searches were performed by Frances Fairman at the Cochrane
Pain, Palliative and Supportive Care Collaborative review group
(PaPas), Oxford UK. Phil Wiffen at PaPas gave valuable input.
The review was supported by grants from the Research Council of
Norway and the Regional Centre of Excellence in Palliative Care,
Western Norway.

S O U R C E S O F S U P P O R T

External sources of support

• The Research Council of Norway NORWAY

Internal sources of support

• Regional Centre of Excellence in Palliative Care, Western Nor-
way, Haukeland University Hospital NORWAY

• Oxford Pain Research Funds UK

9Perioperative ketamine for acute postoperative pain (Review)

Copyright © 2006 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



R E F E R E N C E S

References to studies included in this review
Abdel-Ghaffar 1998 {published data only}

Abdel-Ghaffar ME, Abdulatif M, Al-Ghamdi A, Mowafi H, Anwar
A. Epidural ketamine reduces post-operative epidural PCA consump-
tion of fentanyl/bupivacaine. Canadian Journal of Anaesthesia 1998;
45(2):103–109.

Adriaenssens 1999 {published data only}

Adriaenssens G, Vermeyen KM, Hoffmann VLH, Mertens E, Adri-
aensen HF. Postoperative analgesia with i.v. patient-controlled mor-
phine: effect of adding ketamine. British Journal of Anaesthesia 1999;
83(3):393–396.

Aida 2000 {published data only}

Aida S, Yamakura T, Baba H, Taga K, Fukuda S, Shimoji K. Preemp-
tive analgesia by intravenous low-dose ketamine and epidural mor-
phine in gastrectomy. Anesthesiology 2000;92(6):1624–1630.

Argiriadou 2004 {published data only}

Argiriadou H, Himmelseher S, Papagiannopoulou P, Georgiou M,
Kanakoudis F, Giala M, Kochs E. Improvement of pain treatment
after major abdominal surgery by intravenous S+-ketamine. Anesth

Analg 2004;98:1413–1418.

Burstal 2001 {published data only}

Burstal R, Danjoux G, Hayes C, Lantry G. PCA ketamine and mor-
phine after abdominal hysterectomy. Anaesth Intensive Care 2001;29:
246–251.

Chia 1998 {published data only}

Chia Y-Y, Liu K, Liu Y-C, Chang H-C, Wong C-S. Adding ketamine
in a multimodal patient-controlled epidural regimen reduces post-
operative pain and analgesic consumption. Anesth Analg 1998;86:
1245–1249.

Dahl 2000 {published data only}

Dahl V, Ernoe PE, Steen T, Raeder JC, White PF. Does ketamine have
preemptive effects in women undergoing abdominal hysterectomy
procedures?. Anesthesia and Analgesia 2000;90:1419–1422.

De Kock 2001 {published data only}

De Kock M, Lavand’homme P, Waterloos H. ’Balanced analgesia’ in
the perioperative period: is there a place for ketamine?. Pain 2001;
92:373–380.

Guignard 2002 {published data only}

Guignard B, Coste C, Costes H, Sessler D, Lebrault C, Morris W,
Simonnet G, Chauvin M. Supplementing desflurane-remifentanil
anesthesia with small-dose ketamine reduces perioperative opioid
analgesic requirements. Anesthesia and Analgesia 2002;95:103–108.

Guillou 2003 {published data only}

Guillou N, Tanguy M, Seguin P, Branger B, Campion J-P, Malledant
Y. The effects of small-dose ketamine on morphine consumption in
surgical intensive care unit patients after major abdominal surgery.
Anesth Analg 2003;97:843–847.

Hercock 1999 {published data only}

Hercock T, Gillham MJ, Sleigh J, Jones SF. The addition of ketamine
to patient controlled morphine analgesia does not improve quality
of analgesia after total abdominal hysterectomy. Acute Pain 1999;2:
68–72.

Himmelseher 2001 {published data only}

Himmelseher S, Ziegler-Pithamitsis D, Argiriadou H, Martin J, Je-
len-Esselborn S, Kochs E. Small-dose S(+)-ketamine reduces post-
operative pain when applied with ropivacaine in epidural anesthesia
for total knee arthroplasty. Anesthesia and Analgesia 2001;92:1290–
1295.

Ilkjær 1998 {published data only}

Ilkjær S, Nikolajsen L, Hansen TM, Wernberg M, Brennum J, Dahl
JB. Effect of i.v. ketamine in combination with epidural bupivacaine
or epidural morphine on postoperative pain and wound tenderness
after renal surgery. British Journal of Anaesthesia 1998;81:707–712.

Jaksch 2002 {published data only}

Jaksch W, Lang S, Reichhalter R, Raab G, Dann K, Fitzal S. Perioper-
ative small-dose S (+)-ketamine has no incremental beneficial effects
on postoperative pain when standard-practice opioid infusions are
used. Anesthesia and Analgesia 2002;94:981–986.

Javery 1996 {published data only}

Javery KB, Ussery TW, Steger HG, Colclough GW. Comparison of
morphine and morphine with ketamine for postoperative analgesia.
Can J Anaesth 1996;43:212–215.

Kakinohana 2004 {published data only}

Kakinohana M, Higa Y, Sasara T, Saikawa S, Miyata Y, Tomiyama H,
Sugahara K. Addition of ketamine to propofol-fentanyl anaesthesia
can reduce post-operative pain and epidural analgesic consumption
in upper abdominal surgery. Acute Pain 2004;5:75–79.

Kararmaz 2003 {published data only}

Kararmaz A, Kaya S, Karaman H, Turhanoglu S, Ozyilmaz MA.
Intraoperative intravenous ketamine in combination with epidural
analgesia: Postoperative analgesia after renal surgery. Anesth Analg

2003;97:1092–1096.

Kirdemir 2000 {published data only}

Kirdemir P, Özkocak I, Demir T, Gögüs N. Comparison of postop-
erative analgesic effects of preemptively used epidural ketamine and
neostigmine. Journal of Clinical Anesthesia 2000;12:543–548.

Kwok 2004 {published data only}

Kwok RF, Lim J, Chan MT, Gin T, Chiu WK. Preoperative ke-
tamine improves postoperative analgesia after gynecologic laparo-
scopic surgery. Anesth Analg 2004;98:1044–1049.

Lauretti 1996 {published data only}

Lauretti GR, Azevedo VMS. Intravenous ketamine or fentanyl pro-
longs postoperative analgesia after intrathecal neostigmine. Anesthe-

sia and Analgesia 1996;83:766–770.

Lehmann 2001 {published data only}

Lehmann KA, Klaschik M. Lack of pre-emptive analgesic ef-
fect of low-dose ketamine in postoperative patients. A prospec-
tive, randomised double-blind study [Klinische untersung über die
präemptive analgesie durch niedrig dosiertes ketamin]. Schmerz

2001;15:248–253.

Mathisen 1999 {published data only}

Mathisen L, Aasbø V, Raeder J. Lack of pre-emptive analgesic effect of
(R)-ketamine in laparoscopic cholecystectomy. Acta Anaesthesiologica

Scandinavica 1999;43:220–224.

10Perioperative ketamine for acute postoperative pain (Review)

Copyright © 2006 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



Menigaux 2000 {published data only}

Menigaux C, Fletcher D, Dupont X, Guignard B, Guirimand F,
Chauvin M. The benefits of intraoperative small-dose ketamine on
postoperative pain after anterior cruciate ligament repair. Anesthesia

and Analgesia 2000;90:129–135.

Menigaux 2001 {published data only}

Menigaux C, Guignard B, Fletcher D, Sessler DI, Dupont X, Chau-
vin M. Intraoperative small-dose ketamine enhances analgesia after
outpatient knee arthroscopy. Anesthesia and Analgesia 2001;93:606–
612.

Murdoch 2002 {published data only}

Murdoch CJ, Crooks BA, Miller CD. Effect of the addition of
ketamine to morphine in patient-controlled analgesia. Anaesthesia

2002;57:484–500.

Papaziogas 2001 {published data only}

Papaziogas B, Argiriadou H, Papagiannopoulou P, Pavlidis T, Geor-
giou M, Sfyra E, Papaziogas T. Preincisional intravenous low-dose ke-
tamine and local infiltration with ropivacaine reduces postoperative
pain after laparoscopic cholecystectomy. Surgical Endoscopy 2001;15:
1030–1033.

Roytblat 1993 {published data only}

Roytblat L, Korotkoruchko A, Katz J, Glazer M, Greemberg L, Fisher
A. Postoperative pain: the effect of low-dose ketamine in addition to
general anesthesia. Regional Anesthesia and Pain Management 1993;
77:1161–1165.

Santawat 2002 {published data only}

Santawat U, Pongraweewan O, Lertakayamanee J, Rushatamukaya-
nunt P, Phalakornkule N, Svasdi-Xuto O. Can ketamine potentiate
the analgesic effect of epidural morphine, preincisional or postinci-
sional administration?. J Med Assoc Thai 2002;85:S1024–S1030.

Snijdelaar 2004 {published data only}

Snijdelaar DG, Cornelisse HB, Schmid RL, Katz J. A randomised,
controlled study of peri-operative low dose s(+)-ketamine in combi-
nation with postoperative patient-controlled s(+)-ketamine and mor-
phine after radical prostatectomy. Anaesthesia 2004;59:222–228.

Stubhaug 1997 {published data only}

Stubhaug A, Breivik H, Eide PK, Kreunen M, Foss A. Mapping
of punctuate hyperalgesia around a surgical incision demonstrates
that ketamine is a powerful suppressor of central sensitization to
pain following surgery. Acta Anaesthesiologica Scandinavica 1997;41:
1124–1132.

Subramaniam 2001(a) {published data only}

Subramaniam B, Subramaniam K, Pawar DK, Sennaraj B. Preop-
erative epidural ketamine in combination with morphine does not
have a clinically relevant intra-and postoperative opioid-sparing ef-
fect. Anesth Analg 2001;93:1321–1326.

Subramaniam 2001(b) {published data only}

Subramaniam K, Subramaniam B, Pawar DK, Kumar L. Evalua-
tion of the safety and efficacy of epidural ketamine combined with
morphine for postoperative analgesia after major upper abdominal
surgery. J Clin Anesth 2001;13:339–344.

Suzuki 1999 {published data only}

Suzuki M, Tsueda K, Lansing P, Tolan MM, Fuhrman TM, Ignacio
CI, Sheppard RA. Small-dose ketamine enhances morphine-induced
analgesia after outpatient surgery. Anesthesia and Analgesia 1999;89:
98–103.

Talu 2002 {published data only}

Talu GK, Özyalcin S, Dereli N, Sentürk M.Yücel A. The effect of
ketamine administered preoperatively through different routes on
thoracotomy pain: a randomized, double blind, placebo controlled
study (Turkish). Agri 2002;14(2):54–59.

Tan 1999 {published data only}

Tan P-H, Kuo M-C, Kao P-F, Chia Y-Y, Liu K. Patient-controlled
epidural analgesia with morphine or morphine plus ketamine for
post-operative pain relief. Eur J Anaesth 1999;16:820–825.

Xie 2003 {published data only}

Xie H, Wang X, Liu G, Wang-G. Analgesic effects and pharmacoki-
netics of a low dose of ketamine preoperatively administered epidu-
rally or intravenously. Clin J Pain 2003;19:317–322.

Ünlügenc 2003 {published data only}

Ünlügenc H, Özalevli M, Güler T, Isik G. Postoperative pain man-
agement with intravenous patient-controlled morphine: Compari-
son of the effect of adding magnesium or ketamine. Eur J Anaesth

2003;20:416–421.

References to studies excluded from this review
Azevedo 2000

Azevedo VMS, Lauretti GR, Pereira NL, Reis MP. Transdermal ke-
tamine as an adjuvant for postoperative analgesia after abdominal
gynecological surgery using lidocaine epidural blockade. Anesthesia

and Analgesia 2000;91:1479–1482.

Clausen 1975
Clausen L, Sinclair DM, Van Hasselt CH. Intravenous ketamine for
postoperative analgesia. S Afr Med J 1975;49(35):1437–1440.

Edwards 1993
Edwards ND, Fletcher A, Cole JR, Peacock JE. Combined infusions
of morphine and ketamine for postoperative pain in elderly patients.
Anaesthesia 1993;48:124–127.

Heinke 1999
Heinke VW, Grimm D. Preemtive effects through co-analgesia with
ketamine in gynaecological laparotomies? [Praemptive effekte durch
ko-analgesie mit ketamin bei gynakologischen laparotomien?]. Anaes-

thesiol Reanimat 1999;3:60–64.

Huang 2000
Huang G-S, Yeh C-C, Kong S-S, Lin T-C, Ho S-T, Wong C-S.
Intra-articular ketamine for pain control following arthroscopic knee
surgery. Acta anaesthesiologica sinica 2000;38:131–136.

Joachimsson 1986
Joachimsson P-O, Hedstrand U, Eklund A. Low-dose ketamine in-
fusion for analgesia during postoperative ventilator treatment. Acta

Anaesthesiologica Scandinavica 1986;30:697–702.

Kawana 1987
Kawana Y, Sato H, Shimada H, Fujita N, Ueda Y, Hayashi A, Araki
Y. Epidural ketamine for postoperative pain relief after gynecologic
operations. Anesthesia and Analgesia 1987;66:735–738.

Lauretti 2001
Lauretti GR, Oliveira AP, Rodrigues AM, Paccola CA. The effect of
transdermal nitroglycerin on spinal S(+)-ketamine antinociception
following orthopedic surgery. J Clin Anesth 2001;13:576–581.

Reeves 2001
Reeves M, Lindholm DE, Myles PS, Fletcher H, Hunt JO. Adding
ketamine to morphine for patient-controlled analgesia after major

11Perioperative ketamine for acute postoperative pain (Review)

Copyright © 2006 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



abdominal surgery: a double-blinded, randomized controlled trial.
Anesth Analg 2001;93:116–120.

Sadove 1971
Sadove M, Shulman M, Hatano S, Fevold N. Analgesic effects of
ketamine administered in subdissociative doses. Anesth Analg 1971;
3:452–457.

Taura 2003
Taura P, Fuster J, Blasi A, Martinez-Ocon J, Anglada T, Beltran J,
Balust J, Tercero J, Garcia-Valdecasas J-C. Postoperative pain relief
after hepatic resection in cirrhotic patients: the efficacy of a single
small dose of ketamine plus morphine epidurally. Anesth Analg 2003;
96:475–480.

Tok 1995
Tok D, Turhanoglu S, Ozyilmaz MA, Necmioglu, Bayhan N, Ata-
sever J. The effects of intraarticular bupivacaine and bupivacaine-ke-
tamine combination on postoperative pain and recovery [(Turkish)].
Agri Dergisi 1995;7(3):13–17.

Tverskoy 1994
Tverskoy M, Oz Y, Isakson A, Finger J, Bradley EL, Kissin I. Pre-
emptive effect of fentanyl and ketamine on postoperative pain and
wound hyperalgesia. Anesth Analg 1994;78:205–209.

Tverskoy 1996
Tverskoy M, Oren M, Vaskovich M, Dashovsky I, Kissin I. Ketamine
enhances local anesthetic and analgesic effects of bupivacaine by pe-
ripheral mechanism: a study in postoperative patients. Neuroscience

Letters 1996;215:5–8.

Weinbroum 2003
Weinbroum AA. A single small dose of postoperative ketamine pro-
vides rapid and sustained improvement in morphine analgesia in the
presence of morphine-resistant pain. Anesthesia and Analgesia 2003;
96:789–795.

Wong 1996
Wong C-S, Liaw W-J, Tung C-S, Su Y-F, Ho S-T. Ketamine po-
tentiates analgesic effect of morphine in postoperative epidural pain
control. Regional Anesthesia 1996;21(6):534–541.

Zohar 2002
Zohar E, Luban I, Zunser I, Shapiro A, Jedeiken R, Fredman B.
Patient-controlled bupivacaine wound instillation following cesarian
section: the lack of efficacy of adjuvant ketamine. J Clin Anaesth

2002;14:505–511.

Ünlügenc 2002
Ünlügenc H, Gündüz M, Özalevli M, Akman H. A comparative
study on the analgesic effect of tramadol, tramadol plus magnesium,
and tramadol plus ketamine for postoperative pain management after
major abdominal surgery. Acta Anaesth Scand 2002;46:1025–1030.

Additional references
Angst 2003

Angst MS, Koppert W, Pahl I, Clark DJ, Schmelz M. Short-term
infusion of the mu-opioid agonist remifentanil in humans causes
hyperalgesia during withdrawal. Pain 2003;106:49–57.

Arendt-Nielsen 1996
Arendt-Nielsen L, Nielsen J, Petersen-Felix S, Schnider TW, Zbinden
AM. Effect of racemic mixture and the (S+) isomer of ketamine on

temporal and spatial summation of pain. Br J Anaesthesia 1996;77:
625–31.

Bell 2003
Bell RF, Eccleston C, Kalso E. Ketamine as an adjuvant to opioids for
cancer pain (Cochrane review). In: The Cochrane Library, 1, 2003.
Chichester: Wiley.

Colditz 1989
Colditz GA, Miller JN, Mosteller F. How study design affects out-
comes in comparisons of therapy.I: medical. Stat Med 1989;8:441–
54.

Dick 1983
Dick W, Knoche E, Grundlach G, Klein I. Clinical experimental
studies of postoperative analgesia (German). Anaesthesist 1983;32:
272–278.

Eide 1994
Eide PK, Jørum E, Stubhaug A, Bremnes J, Breivik H. Relief of pos-
therpetic neuralgia with the N-methyl-D-aspartic acid receptor an-
tagonist ketamine: a double-blind, cross-over comparison with mor-
phine and placebo. Pain 1994;58:347–354.

Elia 2005
Elia N, Tramer MR. Ketamine and postoperative pain- a quantitative
systematic review of randomised trials. Pain 2005;113:61–70.

Fisher 2000
Fisher K, Coderre TJ, Hagen NA. Targeting the N-Methyl-D-Aspar-
tate receptor for chronic pain management: preclinical animal stud-
ies, recent clinical experience and future research directions. Journal

of Pain and Symptom Management 2000;20(5):358–73.

Gavaghan 2000
Gavaghan DJ, Moore RA, McQuay HJ. An evaluation of homogene-
ity tests in meta-analyses in pain using simulations of individual pa-
tient data. Pain 2000;85:415–24.

Gilabert Morell 2002
Gilabert Morell A, Sanchez Perez C. Effect of low-dose intravenous
ketamine in postoperative analgesia for hysterectomy and adnexec-
tomy (Spanish). Rev Esp Anestesiol Reanim 2002;49(5):247–253.

Guignard 2000
Guignard B, Bossard AE, Coste C, Sessler DI, Lebrault C, Alfonsi P,
Fletcher D, Chauvin M. Acute opioid tolerance. Anesthesiology 2000;
93:409–17.

Higgins 2002
Higgins J, Thompson S, Deeks J, Altman D. Statistical heterogeneity
in systematic reviews of clinical trials: a critical appraisal of guidelines
and practice. J Health Surv Res Policy 2002;7:51–61.

Jadad 1996
Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gav-
aghan DJ, McQuay HJ. Assessing the quality of reports of random-
ized clinical trials: is blinding necessary?. Controlled Clinical Trials

1996;17:1–12.

Kalso 1992
Kalso E, Perttunen K, Kaasinen S. Pain after thoracic surgery. Acta

Anaesthesiol Scand 1992;36:96–100.

Kalso 2002
Kalso E, Smith L, McQuay H, Moore A. No pain, no gain: clinical
excellence and scientific rigour- lessons learned from IA morphine.
Pain 2002;98:269–275.

12Perioperative ketamine for acute postoperative pain (Review)

Copyright © 2006 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



Knoche 1983
Knoche E, Dick W, Bowdler I, Gundlach G. Clinical experimen-
tal studies of postoperative infusion analgesia. Clinical Therapeutics

1983;5(6):585–594.

Mao 2002
Mao J. Opioid-induced abnormal pain sensitivity: implications in
clinical opioid therapy. Pain 2002;100:213–7.

Morris 1995
Morris JA, Gardner MJ. Calculating confidence intervals for relative
risk, odds ratios and standardised ratios and rates. In: GardnerMJ,
AltmanDG editor(s). Statistics with confidence - confidence intervals

and statistical guidelines. London: British Medical Journal, 1995:50–
63.

Nikolajsen 2004
Nikolajsen L, Sorensen HC, Jensen TS, Kehlet H. Chronic pain
following Caesarean section. Acta Anaesthesiol Scand 2004;48:111–
116.

Perkins 2000
Perkins FM, Kehlet H. Chronic pain as an outcome of surgery. A
review of predictive factors. Anesthesiology 2000;93:1123–1133.

Perttunen 1999
Perttunen K, Tasmuth T, Kalso E. Chronic pain after thoracic surgery:
a follow-up study. Acta Anaesthesiol Scand 1999;43:563–567.

Price 2000
Price DD, Mayer DJ, Mao J, Caruso F. NMDA-receptor antagonists
and opioid receptor interactions as related to analgesia and tolerance.
Journal of Pain and Symptom Management 2000;19(1 Suppl):S7–S15.

Schmid 1999
Schmid RL, Sandler AN. Katz J. Use and efficacy of low-dose ke-
tamine in the management of acute postoperative pain: a review of
current techniques and outcomes. Pain 1999;82:111–25.

Schulz 1995
Schulz KF, Chalmers I, Hayes RJ, Altman DG. Empirical evidence of
bias: dimensions of methodological quality associated with estimates
of treatment effects in controlled trials. JAMA 1995;273:408–12.

Smith 2000
Smith LA, Oldman AD, McQuay HJ, Moore RA. Teasing apart qual-
ity and validity in systematic reviews: an example from acupuncture
trials in chronic neck and back pain. Pain 2000;86:119–32.

Subramaniam 2004
Subramaniam K, Subramaniam B, Steinbrook RA. Ketamine as ad-
juvant analgesic to opioids: a quantitative and qualitative systematic
review. Anesth Analg 2004;99:482–495.

Woolf 2000
Woolf CJ, Salter MW. Neuronal plasticity: increasing the gain in
pain. Science 2000;288:1765–1769.

T A B L E S

Characteristics of included studies

Study Abdel-Ghaffar 1998

Methods Randomised, double-blind, placebo control

Participants N= 61
Abdominal hysterectomy

Interventions 1. Ketamine 30 mg ED bolus before incision
2. Ketamine 30 mg ED bolus after incision

Outcomes Pain intensity (VAS). Cumulative PCA consumption of ED fentanyl/ bupivacaine
Time to first request for analgesia

Notes Quality score:5
OPVS:13

Allocation concealment A

Study Adriaenssens 1999

Methods Randomised, double-blind, placebo control

Participants N= 30 Laparotomy

Interventions Ketamine IV infusion, initially 10 mcg/kg/min for 48 hours after surgery

Outcomes Pain intensity (VAS)
PCA morphine consumption
Adverse effects
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Characteristics of included studies0 (Continued )

Notes Quality score:2
OPVS: 6

Allocation concealment A

Study Aida 2000

Methods Randomised, double-blind, placebo control

Participants N=121
Distal or total gastrectomy

Interventions 1. Ketamine 1 mg/kg IV before surgical incision/ 0.5 mg/kg/h IV until skin closure
2. Morphine ED bolus prior to incision + infusion +placebo iv bolus + continuous infusion until skin closure
2. Placebo ED + ketamine iv bolus 1 mg/kg + infusion 0.5 mg/kg/hr
3. Morphine ED +ketamine iv

Outcomes Pain intensity (VAS). Maximum 48 hr pain (categorical scale) PCA morphine consumption

Notes Quality score:3
OPVS:8

Allocation concealment A

Study Argiriadou 2004

Methods Randomised, double-blind, placebo control

Participants N= 45
Major abdominal

Interventions 1.S(+) ketamine 0.5 mg/kg IV before surgical incision
2.Preincisional 0.5 mg bolus IV S(+) ketamine + intra- operative 0.2 mg/kg IV at 20 min intervals until end
of surgery

Outcomes Pain intensity (VAS)
Cumulative consumption of diclofenac and dextropropoxyphene

Notes Quality score:4
OPVS:9

Allocation concealment A

Study Burstal 2001

Methods Randomised, double-blind. Ketamine + morphine vs morphine

Participants N= 70
Total abdominal hysterectomy

Interventions Postop. PCA ketamine 2 mg/bolus IV

Outcomes Pain intensity (VAS). Area of allodynia (Von Frey). PCA morphine consumption

Notes Quality score: 5
OPVS: 14

Allocation concealment A

Study Chia 1998

Methods Randomised, double-blind. Ketamine + morphine (+ other drugs) vs morphine (+ other drugs)

Participants N= 91
Major intrathoracic or upper abdominal

Interventions PCEA ketamine Basal infusion: 1 mg/ h, titrated.
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Characteristics of included studies0 (Continued )

Bolus:1 mg

Outcomes Pain intensity (VAS)
Cumulative total analgesic consumption

Notes Quality score:4
OPVS: 12

Allocation concealment A

Study Dahl 2000

Methods Randomised, double-blind, placebo control

Participants N= 89
Abdominal hysterectomy

Interventions 1. Ketamine bolus 0.4 mg/kg IV prior to incision
2. Ketamine bolus 0.4 mg/kg IV at skin closure

Outcomes Pain intensity (VAS, VRS). Rescue medication. Sleep. Level of activity. Adverse effects

Notes Quality score:4
OPVS:13

Allocation concealment A

Study De Kock 2001

Methods Randomised, double-blind, placebo control

Participants N= 100
Rectal adenocarcinoma
surgery

Interventions 1.±30 min before skin incision: ketamine bolus 0.25 mg/kg IV + infusion 0.125 mg/kg/hr IV
until end of surgery
2. ±30 min before skin incision: ketamine bolus 0.5 mg/kg IV + infusion 0.25 mg/kg/hr IV
until end of surgery.
3. 0.25 mg/kg ED bolus + 0.125 mg/kg/h ED until end of surgery.
4.0.5 mg/kg ED bolus + 0.25 mg/kg/h ED until end of surgery

Outcomes Pain intensity (VAS). Area of hyperalgesia.
Postoperative residual pain at 2 weeks, 1 month, 6 months, 1 year.
Cumulative number of met and unmet PCA morphine demands

Notes Quality score: 5
OPVS: 14

Allocation concealment A

Study Guignard 2002

Methods Randomised, double-blind, placebo control

Participants N= 50
Abdominal surgery

Interventions Ketamine bolus 0.15 mg/kg IV +infusion 2 mcg/kg/min IV from prior to incision until skin closure

Outcomes Pain intensity (VAS / 4 point VRS) Total morphine consumption (PCA and nurse-administered). Time to
first request for morphine. Adverse effects

Notes Quality score: 3
OPVS:9

Allocation concealment A
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Characteristics of included studies0 (Continued )

Study Guillou 2003

Methods Randomised, double-blind, placebo control

Participants N= 101
Major abdominal

Interventions After surgery: initial ketamine bolus 0.5 mg/kg IV + infusion 2mg/kg /min IV for 24 hr and 1mg/kg/min
IV from 24-48 h

Outcomes Pain intensity (VAS)
Cumulative dose of PCA morphine

Notes Quality score:4
OPVS:12

Allocation concealment A

Study Hercock 1999

Methods Randomised, double-blind.
Intraoperative IV ketamine vs placebo/ postoperative ketamine+morphine vs morphine

Participants N= 50
Total abdominal hysterectomy

Interventions After induction: ketamine bolus. 0.3 mg/kg IV. Postoperative
IV PCA. 1 mg/bolus

Outcomes Pain intensity (VRS).
PCA morphine consumption

Notes Quality score:4
OPVS:10

Allocation concealment A

Study Himmelseher 2001

Methods Randomised, double-blind, placebo control

Participants N= 42
Elective unilateral total knee arthroplasty

Interventions S(+) ketamine bolus 0.25 mg/kg ED before surgical incision

Outcomes Pain intensity (VAS). PCEA consumption of bupivacaine. Time to first request for analgesia. Adverse effects

Notes Quality score:5
OPVS:11

Allocation concealment A

Study Ilkjær 1998

Methods Randomised, double-blind, placebo control

Participants N= 60
Elective nephrectomy or operation on pelvic structures

Interventions Ketamine bolus 10 mg IV before surgical incision/10 mg/h IV postoperative infusion

Outcomes Pain intensity (VAS). Nr. of PCA morphine doses. Pressure pain detection threshold. Pain sensitivity. Adverse
effects

Notes Quality score:4
OPVS:11

Allocation concealment A
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Characteristics of included studies0 (Continued )

Study Jaksch 2002

Methods Randomised, double-blind, placebo control

Participants N=30 Elective arthroscopic anterior cruciate ligament repair

Interventions S(+) ketamine bolus 0.5 mg/kg IV + infusion 2mcg/kg/hr IV until 2 hours after emergence from anaesthesia

Outcomes Pain intensity (VAS). Time to first request for analgesia. PCA morphine consumption

Notes Quality score:4
OPVS:13

Allocation concealment A

Study Javery 1996

Methods Randomised, double-blind. Ketamine + morphine vs morphine

Participants N= 42
Lumbar microdiscectomy

Interventions Postoperative IV PCA ketamine
1 mg/bolus

Outcomes Pain intensity (VAS). PCA morphine consumption

Notes Quality score:2
OPVS:9

Allocation concealment A

Study Kakinohana 2004

Methods Randomised, double-blind, placebo control

Participants N= 50
Elective open cholecystectomy

Interventions Preincisional ketamine bolus 1 mg/ kg IV +1mgkg/hr IV infusion, maintained until 2 mg/kg given

Outcomes Pain intensity (VAS)
PCEA volume consumed

Notes Quality score:3
OPVS:11

Allocation concealment A

Study Kararmaz 2003

Methods Randomised, double-blind, placebo control

Participants N= 40
Elective renal surgery

Interventions Ketamine bolus 0.5 mg/kg IV + 0.5 mg/kg/h IV infusion until skin closure

Outcomes Pain intensity (VAS)
Mean PCEA analgesic consumption

Notes Quality score:5
OPVS:13

Allocation concealment A

Study Kirdemir 2000

Methods Randomised, double-blind, placebo control
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Characteristics of included studies0 (Continued )

Participants N= 30
Major abdominal surgery

Interventions 1. Preincisional bolus of ketamine 50 mg ED
2. Neostigmine ED

Outcomes Pain intensity (VAS). Analgesic demand.

Notes Quality score:3
OPVS:7

Allocation concealment A

Study Kwok 2004

Methods Randomised, double-blind, placebo control

Participants N= 135
Laparoscopic gynecological

Interventions 1.Preincisional bolus of ketamine 0.15 mg/kg IV
2. At wound closure: ketamine bolus 0.15 mg/kg IV

Outcomes Pain intensity (VAS)
Analgesic consumption

Notes Quality score:5
OPVS:16

Allocation concealment A

Study Lauretti 1996

Methods Randomised, double-blind, placebo control

Participants N= 60
Anterior and posterior vaginoplasty

Interventions 1. Preincisional ketamine bolus 0.2 mg/kg IV + saline IT
2. Preincisional ketamine bolus 0.2 mg/kg IV + neostigmine IT
3. Fentanyl IV + neostigmine IT

Outcomes Pain intensity (VAS). Time to first request for analgesia. Rescue medication. Adverse effects

Notes Quality score:2
OPVS:8

Allocation concealment A

Study Lehmann 2001

Methods Randomised, double-blind, placebo control

Participants N= 80
Elective laparoscopic or proctologic surgery

Interventions Preincisional bolus of ketamine 0.15 mg/kg IV

Outcomes Pain intensity (VAS, VRS). Rescue medication. Adverse effects

Notes Quality score:4
OPVS:12

Allocation concealment A

Study Mathisen 1999

Methods Randomised, double-blind, placebo control
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Participants N=60
Elective laparoscopic cholecystectomy

Interventions 1. Preincisional bolus of R(-) ketamine 1 mg/kg IV
2.IV- bolus of R (-) ketamine 1 mg/kg at wound closure

Outcomes Pain intensity (VAS, VRS) PCA opioid consumption. Analgesics after discharge.
Adverse effects

Notes Quality score:5
OPVS:11

Allocation concealment A

Study Menigaux 2000

Methods Randomised, double-blind, placebo control

Participants N= 45
Knee surgery: elective arthroscopic anterior ligament repair

Interventions 1. Preincisional ketamine bolus 0.15 mg/kg IV
2. At wound closure: ketamine bolus
0.15 mg/kg IV

Outcomes Pain intensity (VAS,VRS). PCA morphine consumption. Time to first request for analgesia. Degree of knee
flexion. Adverse effects

Notes Quality score:5
OPVS:12

Allocation concealment A

Study Menigaux 2001

Methods Randomised, double-blind, placebo control

Participants N= 50
Outpatient knee arthroscopy

Interventions Preincisional bolus of ketamine 0.15 mg/kg IV

Outcomes Pain intensity (VAS,VRS). Rescue medication. Adverse effects

Notes Quality score:5
OPVS:14

Allocation concealment A

Study Murdoch 2002

Methods Randomised, double-blind. Ketamine + morphine vs morphine

Participants N= 42
Total abdominal hysterectomy

Interventions Postop. IV PCA ketamine 0.75 mg/bolus + morphine

Outcomes Pain intensity (VRS)
PCA morphine consumption

Notes Quality score:4
OPVS:12

Allocation concealment A

Study Papaziogas 2001

Methods Randomised, double-blind, placebo control
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Participants N= 55
Elective laparoscopic cholecystectomy

Interventions Preincisional bolus of ketamine 1 mg/kg IV

Outcomes Pain intensity (VAS, VRS). Rescue medication. Time to first request for analgesia. Adverse effects

Notes Quality score:3
OPVS:9

Allocation concealment A

Study Roytblat 1993

Methods Randomised, double-blind, placebo control

Participants N= 22
Elective open cholecystectomy

Interventions Preincisional bolus of ketamine 0.15 mg/kg IV

Outcomes Pain intensity (VAS,VRS). PCA morphine consumption. Time to first request for analgesia. Adverse effects

Notes Quality score:3
OPVS:11

Allocation concealment A

Study Santawat 2002

Methods Randomised, double-blind. Ketamine + morphine vs morphine

Participants N= 80
Gynaecological surgery

Interventions 1.Preincisional ED bolus of ketamine 30 mg + morphine
2. Postincisional ED bolus of ketamine 30 mg +morphine

Outcomes Pain intensity VAS
Analgesic consumption

Notes Quality score:4
OPVS:11

Allocation concealment D

Study Snijdelaar 2004

Methods Randomised, double-blind. Intraop. ketamine vs placebo / postop. ketamine + morphine vs morphine
morphine and placebo controls

Participants N= 28
Radical retropubic prostatectomy

Interventions Intraoperative S (+) ketamine bolus 0.1 mg/kg IV, followed by continuous infusion of 0.002 mg/kg/min IV
until skin closure+ postoperative IV PCA S (+) ketamine 0.5 mg bolus

Outcomes Pain intensity (VAS)
PCA morphine consumption

Notes Quality score:5
OPVS:11

Allocation concealment D

Study Stubhaug 1997

Methods Randomised, double-blind, placebo control
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Participants N= 20 Nephrectomy (live kidney donors)

Interventions Ketamine bolus 0.5 mg/kg IV + infusion 2 mcg/kg/min IV

Outcomes Pain intensity (VAS). PCA morphine consumption. Area of punctate hyperalgesia. Pressure pain threshold.
Adverse effects

Notes Quality score:5
OPVS:12

Allocation concealment A

Study Subramaniam 2001(a)

Methods Randomised, double-blind. Ketamine + morphine vs morphine

Participants N= 50
Major upper abdominal

Interventions Preincisional bolus ketamine 1 mg/kg ED + morphine

Outcomes Pain intensity (VAS)
Nr. of doses ED morphine

Notes Quality score:3
OPVS:10

Allocation concealment A

Study Subramaniam 2001(b)

Methods Randomised, double-blind. Ketamine + morphine vs morphine

Participants N= 46
Major upper abdominal

Interventions Postincisional ED bolus of ketamine 1 mg/kg +morphine

Outcomes Pain intensity (VAS)
Nr. of doses ED morphine

Notes Quality score:4
OPVS:10

Allocation concealment D

Study Suzuki 1999

Methods Randomised, double-blind, placebo control

Participants N=140
Elective outpatient surgery (inguinal hernia repair, excision of skin lesions, breast or lymph node bipsy etc)

Interventions IV- bolus of ketamine at wound closure: 1. 50 mcg/kg
2. 75 mcg/kg
3. 100 mcg/kg

Outcomes Pain intensity (VAS) Rescue medication. Adverse effects

Notes Quality score:5
OPVS:15

Allocation concealment A

Study Talu 2002

Methods Randomised, double-blind, placebo control

Participants N= 30
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Thoracotomy

Interventions 1. Preincisional bolus of ketamine 1 mg/kg IM
2. Preincisional bolus of ketamine 0,5 mg/kg ED

Outcomes Pain intensity (VAS)
Postop. PCEA opioid and local anaesthetic consumption

Notes Quality score:3
OPVS:10

Allocation concealment A

Study Tan 1999

Methods Randomised, double-blind. Ketamine + morphine vs morphine

Participants N= 60
Lower abdominal

Interventions PCEA ketamine Loading dose: 5 mg
Basal infusion: 0.5 mg/h
Bolus:
0.5 mg
+ morphine

Outcomes Pain intensity (VAS)
Morphine consumption

Notes Quality score:2
OPVS:8

Allocation concealment A

Study Xie 2003

Methods Randomised, double-blind, placebo control

Participants N= 45
Selective gastrectomy

Interventions 1.Preincisional bolus of ketamine 0.5 mg/kg IV
2. Preincisional bolus of ketamine 0.5 mg/kg ED

Outcomes Pain intensity (VAS)
Morphine consumption

Notes Quality score:4
OPVS:9

Allocation concealment A

Study Ünlügenc 2003

Methods Randomised, double-blind. Ketamine + morphine vs morphine

Participants N= 90
Major abdominal surgery

Interventions 1. Postop IV PCA ketamine 0.0125 mg/kg/bolus + morphine
2. Postop IV PCA
morphine + magnesium

Outcomes VRS
PCA morphine consumption

Notes Quality score:3
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OPVS:12

Allocation concealment A

ED= epidural
PCA= Patient controlled analgesia
IV = intravenous
IT = intrathecal
IM = intramuscular
OPVS= Oxford Pain Validity Scale
VAS= visual analogue scale
VRS=verbal rating scale
PCEA = Patient controlled epidural analgesia
mcg =microgram

Characteristics of excluded studies

Azevedo 2000 Transdermal ketamine

Clausen 1975 Inappropriate pain scale

Edwards 1993 Group size. Number of patients in group who completed the study less than 10

Heinke 1999 Methodological flaw. The primary outcome is PCA consumption of piritramide, but fixed maximum dose of
piritramide

Huang 2000 Intra-articular ketamine

Joachimsson 1986 Inappropriate pain scale. Patients on ventilator

Kawana 1987 Group size. Number of patients in group who completed the study less than 10

Lauretti 2001 Transdermal ketamine

Reeves 2001 Different PCA settings

Sadove 1971 Inappropriate pain scale

Taura 2003 Unclear blinding. Different doses of morphine

Tok 1995 Intra-articular ketamine

Tverskoy 1994 Group size. Nr. of patients in group who completed the study less than 10

Tverskoy 1996 Group size. Nr. of patients in group who completed the study less than 10

Weinbroum 2003 Flawed randomization: “randomly enrolled into one of the two treatment protocols on alternate days”

Wong 1996 All patients pre-treated with ketamine

Zohar 2002 Wound instillation with ketamine

Ünlügenc 2002 Different PCA settings

A D D I T I O N A L T A B L E S

Table 01. Electronic search strategies

EMBASE PARDLARS

#1 (NMDA) in TI (5188 records)
#2 N-methyl-D-aspartate (9584 records)

Product name contains KETAMINE
Full text: (POSTOPERATIVE OR POST-OPERATIVE) AND PAIN*
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Table 01. Electronic search strategies (Continued )

EMBASE PARDLARS

#3 #1 or #2 (12617 records)
#4 ketamine or ketalar (20521 records)
#5 postoperative near pain (11118 records)
#6 post-operative near pain (713 records)
#7 #5 or #6
#8 random* (216674 records)
#9 #3 or #4 (32042 records)
#10 #9 and #7 (515 records)
#11 #8 and #10 (167 records)

A N A L Y S E S

Comparison 01. Perioperative ketamine versus control

Outcome title
No. of
studies

No. of
participants Statistical method Effect size

01 Morphine (PCA) consumption
over 24 hours

9 372 Weighted Mean Difference (Fixed) 95% CI -14.96 [-18.93,
-9.00]

Comparison 02. Adverse effects

Outcome title
No. of
studies

No. of
participants Statistical method Effect size

01 Nausea and vomiting Relative Risk (Fixed) 95% CI Subtotals only
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G R A P H S A N D O T H E R T A B L E S

Analysis 01.01. Comparison 01 Perioperative ketamine versus control, Outcome 01 Morphine (PCA)

consumption over 24 hours

Review: Perioperative ketamine for acute postoperative pain

Comparison: 01 Perioperative ketamine versus control

Outcome: 01 Morphine (PCA) consumption over 24 hours

Study Ketamine Control Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)

N Mean(SD) N Mean(SD) 95% CI (%) 95% CI

Adriaenssens 1999 15 19.40 (10.70) 15 30.70 (15.90) 16.7 -11.30 [ -21.00, -1.60 ]

Guignard 2002 25 42.70 (16.30) 25 64.90 (27.00) 10.3 -22.20 [ -34.56, -9.84 ]

Guillou 2003 41 37.00 (24.00) 52 48.00 (22.00) 17.5 -11.00 [ -20.47, -1.53 ]

Ilkjær 1998 30 28.00 (21.00) 30 36.00 (23.00) 12.6 -8.00 [ -19.14, 3.14 ]

Jaksch 2002 15 44.10 (45.23) 15 40.23 (17.16) 2.6 3.87 [ -20.61, 28.35 ]

Javery 1996 22 25.82 (16.40) 20 51.10 (20.80) 12.1 -25.28 [ -36.68, -13.88 ]

Roytblat 1993 11 29.50 (7.50) 11 48.70 (13.00) 20.0 -19.20 [ -28.07, -10.33 ]

Snijdelaar 2004 13 32.15 (18.59) 12 50.42 (24.70) 5.3 -18.27 [ -35.52, -1.02 ]

Stubhaug 1997 10 64.50 (22.60) 10 68.00 (30.00) 2.9 -3.50 [ -26.78, 19.78 ]

-100.0 -50.0 0 50.0 100.0

Favours treatment Favours control (Continued . . . )
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(. . . Continued)

Study Ketamine Control Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)

N Mean(SD) N Mean(SD) 95% CI (%) 95% CI

Total (95% CI) 182 190 100.0 -14.96 [ -18.93, -11.00 ]

Test for heterogeneity chi-square=11.40 df=8 p=0.18 I² =29.8%

Test for overall effect z=7.40 p<0.00001

-100.0 -50.0 0 50.0 100.0

Favours treatment Favours control

Analysis 02.01. Comparison 02 Adverse effects, Outcome 01 Nausea and vomiting

Review: Perioperative ketamine for acute postoperative pain

Comparison: 02 Adverse effects

Outcome: 01 Nausea and vomiting

Study Ketamine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Number of patients with nausea

Abdel-Ghaffar 1998 17/41 11/20 14.0 0.75 [ 0.44, 1.29 ]

Adriaenssens 1999 1/15 6/15 5.7 0.17 [ 0.02, 1.22 ]

Guillou 2003 2/41 4/52 3.3 0.63 [ 0.12, 3.29 ]

Himmelseher 2001 2/18 5/19 4.6 0.42 [ 0.09, 1.91 ]

Jaksch 2002 7/15 4/15 3.8 1.75 [ 0.64, 4.75 ]

Kararmaz 2003 1/20 6/20 5.7 0.17 [ 0.02, 1.26 ]

Kirdemir 2000 0/10 1/10 1.4 0.33 [ 0.02, 7.32 ]

Roytblat 1993 2/11 2/11 1.9 1.00 [ 0.17, 5.89 ]

Santawat 2002 34/40 31/40 29.4 1.10 [ 0.89, 1.36 ]

Subramaniam 2001(a) 11/26 11/24 10.9 0.92 [ 0.49, 1.72 ]

Tan 1999 8/30 11/30 10.4 0.73 [ 0.34, 1.55 ]

Ünlügenc 2003 5/30 9/28 8.8 0.52 [ 0.20, 1.36 ]

Subtotal (95% CI) 297 284 100.0 0.80 [ 0.65, 0.98 ]

Total events: 90 (Ketamine), 101 (Control)

Test for heterogeneity chi-square=17.81 df=11 p=0.09 I² =38.2%

Test for overall effect z=2.13 p=0.03

02 Number of patients vomiting

Abdel-Ghaffar 1998 1/41 0/20 1.9 1.50 [ 0.06, 35.27 ]

Adriaenssens 1999 1/15 2/15 5.6 0.50 [ 0.05, 4.94 ]

0.01 0.1 1 10 100

Favours treatment Favours control (Continued . . . )

26Perioperative ketamine for acute postoperative pain (Review)

Copyright © 2006 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



(. . . Continued)

Study Ketamine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

Chia 1998 1/45 2/46 5.6 0.51 [ 0.05, 5.44 ]

Hercock 1999 5/24 11/25 30.4 0.47 [ 0.19, 1.16 ]

Himmelseher 2001 1/18 3/19 8.2 0.35 [ 0.04, 3.08 ]

x Kirdemir 2000 0/10 0/10 0.0 Not estimable

Roytblat 1993 1/11 2/11 5.6 0.50 [ 0.05, 4.75 ]

Snijdelaar 2004 0/13 1/11 4.6 0.29 [ 0.01, 6.38 ]

Stubhaug 1997 0/10 5/10 15.5 0.09 [ 0.01, 1.45 ]

Tan 1999 4/30 8/30 22.6 0.50 [ 0.17, 1.48 ]

Subtotal (95% CI) 217 197 100.0 0.43 [ 0.25, 0.74 ]

Total events: 14 (Ketamine), 34 (Control)

Test for heterogeneity chi-square=2.09 df=8 p=0.98 I² =0.0%

Test for overall effect z=3.03 p=0.002

03 Nausea and vomiting: All data

Abdel-Ghaffar 1998 18/41 11/20 7.6 0.80 [ 0.47, 1.35 ]

Adriaenssens 1999 2/15 8/15 4.1 0.25 [ 0.06, 0.99 ]

Argiriadou 2004 7/30 5/15 3.4 0.70 [ 0.27, 1.84 ]

Chia 1998 1/45 2/46 1.0 0.51 [ 0.05, 5.44 ]

Guignard 2002 4/25 5/25 2.6 0.80 [ 0.24, 2.64 ]

Guillou 2003 2/41 4/52 1.8 0.63 [ 0.12, 3.29 ]

Hercock 1999 5/24 11/25 5.5 0.47 [ 0.19, 1.16 ]

Himmelseher 2001 3/18 8/19 4.0 0.40 [ 0.12, 1.26 ]

Jaksch 2002 7/15 4/15 2.0 1.75 [ 0.64, 4.75 ]

Kakinohana 2004 14/25 12/25 6.1 1.17 [ 0.68, 1.99 ]

Kararmaz 2003 1/20 6/20 3.1 0.17 [ 0.02, 1.26 ]

Kirdemir 2000 0/10 1/10 0.8 0.33 [ 0.02, 7.32 ]

x Lauretti 1996 0/10 0/10 0.0 Not estimable

Menigaux 2000 3/30 3/15 2.0 0.50 [ 0.11, 2.19 ]

Menigaux 2001 1/25 0/25 0.3 3.00 [ 0.13, 70.30 ]

Papaziogas 2001 5/18 4/18 2.0 1.25 [ 0.40, 3.91 ]

Roytblat 1993 3/11 4/11 2.0 0.75 [ 0.22, 2.60 ]

Santawat 2002 34/40 31/40 15.9 1.10 [ 0.89, 1.36 ]

Snijdelaar 2004 0/13 1/11 0.8 0.29 [ 0.01, 6.38 ]

Stubhaug 1997 0/10 5/10 2.8 0.09 [ 0.01, 1.45 ]

0.01 0.1 1 10 100

Favours treatment Favours control (Continued . . . )
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(. . . Continued)

Study Ketamine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

Subramaniam 2001(a) 11/26 11/24 5.9 0.92 [ 0.49, 1.72 ]

Subramaniam 2001(b) 3/20 3/20 1.5 1.00 [ 0.23, 4.37 ]

Suzuki 1999 27/105 9/35 6.9 1.00 [ 0.52, 1.92 ]

Tan 1999 12/30 19/30 9.7 0.63 [ 0.38, 1.06 ]

Xie 2003 5/28 5/14 3.4 0.50 [ 0.17, 1.44 ]

Ünlügenc 2003 5/30 9/28 4.8 0.52 [ 0.20, 1.36 ]

Subtotal (95% CI) 705 578 100.0 0.77 [ 0.65, 0.90 ]

Total events: 173 (Ketamine), 181 (Control)

Test for heterogeneity chi-square=30.82 df=24 p=0.16 I² =22.1%

Test for overall effect z=3.20 p=0.001

04 24 hr PCA morphine trials PONV

Adriaenssens 1999 2/15 8/15 25.3 0.25 [ 0.06, 0.99 ]

Guignard 2002 4/25 5/25 15.8 0.80 [ 0.24, 2.64 ]

Guillou 2003 2/41 4/52 11.1 0.63 [ 0.12, 3.29 ]

Jaksch 2002 7/15 4/15 12.6 1.75 [ 0.64, 4.75 ]

Roytblat 1993 3/11 4/11 12.6 0.75 [ 0.22, 2.60 ]

Snijdelaar 2004 0/13 1/11 5.1 0.29 [ 0.01, 6.38 ]

Stubhaug 1997 0/10 5/10 17.4 0.09 [ 0.01, 1.45 ]

Subtotal (95% CI) 130 139 100.0 0.61 [ 0.37, 1.01 ]

Total events: 18 (Ketamine), 31 (Control)

Test for heterogeneity chi-square=8.27 df=6 p=0.22 I² =27.5%

Test for overall effect z=1.94 p=0.05

0.01 0.1 1 10 100

Favours treatment Favours control
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Peri-operative ketamine for acute post-operative pain: a
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Background: Post-operative pain management is usually lim-
ited by adverse effects such as nausea and vomiting. Adjuvant
treatment with an inexpensive opioid-sparing drug such as
ketamine may be of value in giving better analgesia with fewer
adverse effects. The objective of this systematic review was to
evaluate the effectiveness and tolerability of ketamine adminis-
tered peri-operatively in the treatment of acute post-operative
pain in adults.
Methods: Studies were identified from MEDLINE (1966—2004),
EMBASE (1980—2004), the Cochrane Library (2004) and by hand
searching reference lists from review articles and trials. The
manufacturer of ketamine (Pfizer AS, Lysaker, Norway) pro-
vided search results from their in-house database, PARDLARS.
Randomized and controlled trials (RCTs) of adult patients
undergoing surgery, being treated with peri-operative ketamine,
placebo or an active control were considered for inclusion.
Results: Eighteen trials were excluded. Thirty-seven trials were
included. Twenty-seven out of 37 trials found that peri-operative

ketamine reduced rescue analgesic requirements or pain inten-
sity, or both. Quantitative analysis showed that treatment with
ketamine reduced 24-h patient-controlled analgesia (PCA) mor-
phine consumption and post-operative nausea and vomiting
(PONV). Adverse effects were mild or absent.
Conclusion: In the first 24 h after surgery, ketamine reduces
morphine requirements. Ketamine also reduces PONV.
Adverse effects are mild or absent. These data should be inter-
preted with caution as the retrieved studies were heterogenous
and the result of the meta-analysis can not be translated into any
specific administration regimen with ketamine.

Accepted for publication 30 April 2005

Key words: ketamine; post-operative pain; meta-analysis.

# Acta Anaesthesiologica Scandinavica 49 (2005)

ADVERSE effects such as nausea and vomiting
often limit post-operative pain management.

Adjuvant treatment with opioid-sparing drugs
such as ketamine may be of value in giving better
analgesia with fewer adverse effects (1).
Ketamine is a phencyclidine derivative developed

in the 1960s as a general anaesthetic. Ketamine
hydrochloride is given intravenously or intramus-
cularly for surgical anaesthesia. Ketamine is also
used as an adjuvant to opioids in the treatment of
refractory pain in cancer patients (2), in the treat-
ment of neuropathic pain (3), and in the treatment of
acute post-operative pain (1), although not licensed
for these conditions. For post-operative pain, keta-
mine may be administered before incision, after
incision, or in the post-operative period, and is
usually given as an adjuvant to systemic opioid,

for example PCA (patient-controlled analgesia).
Routes of administration include intravenous,
subcutaneous, epidural, transdermal and intra-
articular. Ketamine was previously only available
as a racemic mixture of two enantiomers, S(þ) and
R(—) ketamine. The S(þ) isomer has been shown to
be approximately twice as potent as the racemic
mixture (4). S(þ) ketamine has recently been
approved for clinical use in countries such as
Finland and Germany. Clinical use of ketamine is
limited due to psychotomimetic adverse effects such
as hallucinations and bad dreams. Other common
adverse effects are dizziness, blurred vision, and
nausea and vomiting.
Opioids are traditionally used as a part of general

anaesthesia and for the treatment of acute post-
operative pain. Recent research indicates that

Acta Anaesthesiol Scand 2005; 49: 1405—1428 Copyright # Acta Anaesthesiol Scand 2005
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opioids produce not only analgesia, but also hyper-
algesia (5). Consequently, peri-operative (pre-, per-,
and post-operative) opioids may increase post-
operative pain and opioid requirements (6).
Central sensitization includes an altered processing
of innocuous, tactile impulses from myelinated
afferents so that activation of these fibres produces
painful sensations (7). The neurophysiological and
biochemical mechanisms of these alterations include
a decrease in inhibitory input or an increase in
synaptic efficacy or membrane excitability,
mediated by wind-up and neurokinin and
N-methyl-D-aspartic acid (NMDA) receptor mechan-
isms (7). Wind-up is a phenomenon whereby
responses of dorsal horn neurons increase during
repetitive, constant intensity, C-fibre stimuli, i.e.
increased duration and magnitude of the cell
responses. In animal studies, blockade of NMDA
receptors has been shown to prevent the develop-
ment of increased pain sensitivity and opioid toler-
ance (5, 8). Ketamine is a non-competitive NMDA
receptor antagonist. NMDA receptor blocking could
be a fruitful therapy for improving post-operative
opioid effectiveness. Ketamine could, in addition to
having an opioid-sparing effect, conceivably reduce
the development of chronic post-operative pain
through NMDA receptor blockade and reduction
of wind-up and central sensitization.
Published literature indicates that ketamine is used

in the peri-operative setting in countries such as
Greece, Brazil, India, Germany, UK, Israel, France,
China, Denmark, Norway, and Japan for anaesthesia
or as an adjuvant analgesic. However, current use of
ketamine in this setting involves different practice
regarding dose, route of administration and time of
administration. A literature review based on an elec-
tronic search of the MEDLINE database from 1966 to
1998 (1) concludes that the role of ketamine remains
controversial, but that low-dose ketamine (defined as
a bolus dose of less than 2 mg/kg when given intra-
muscularly or less than 1 mg/kg when administered
via the intravenous or epidural route) as an adjuvant
to opioids or local anaesthetics may have an impor-
tant role to play in the treatment of acute post-
operative pain. This review will consider the
evidence for the efficacy and tolerability of ketamine
in the treatment of acute post-operative pain in adults.

Methods

Search
To identify studies for inclusion in this review,
detailed search strategies were developed for each

electronic database searched. These searches were
based on the search strategy developed for the
Cochrane Central Register of Controlled Trials
(CENTRAL) and revised appropriately for each
database. The subject search used a combination of
controlled vocabulary and free text terms and was
performed in the Cochrane Pain, Palliative &
Supportive Care Register (current issue), the
Cochrane Central Register of Controlled Trials
(CENTRAL), The Cochrane Library (June 2004),
MEDLINE (1966 to June 2004), EMBASE (1980 to
June 2004) and PARDLARS (Pfizer Corporation’s
in-house database) February 2003.
Reference lists of reports and reviews were also

searched. Abstracts and unpublished reports were
not considered. There was no language restriction.

Inclusion criteria
Randomized, placebo-controlled trials described as
double-blinded were included. Trials using active
controls in addition to placebo arms were also
included. Studies where ketamine was compared
with placebo or active control, and each group had
a minimum of 10 patients who had completed the
study, were included. All identified published trials
were considered eligible. Only complete studies, not
abstracts, were included. Duplicate publications are
reported but excluded from the analysis.
The population addressed by the review is

patients aged 18 years or above, undergoing a sur-
gical procedure.
The intervention considered by this review is

treatment with ketamine, given systemically or
spinally, in any dose during the peri-operative
period.

Data extraction and analysis
A data extraction form was designed and the fol-
lowing data items were collected: (i) publication
details, (ii) patient population, number of patients,
age, surgical procedure, (iii) description of interven-
tion, (iv) design, study duration and follow-up,
(v) outcome measures, (vi) analgesic outcome
results and (vii) withdrawals and adverse effects.
Study quality (randomization/allocation con-

cealment; details of blinding measures (9, 10); with-
drawals and dropouts; overall quality score) were
evaluated using the three-item (1—5) Oxford Quality
scale (11). Validity was evaluated using the five-item
(1—16) Oxford Pain Validity Scale (OPVS) (12).
Scoring was performed independently by two
reviewers (R.F.B., E.K.). In the case of discrepancy,
a third reviewer (J.B.D.) was consulted.

R. F. Bell et al.

1406



Both dichotomous and continuous data were
extracted. Heterogeneity tests were not used as
they have previously been shown to be unhelpful
(13, 14) although clinical homogeneity was exam-
ined visually (15). Meta-analysis was performed
where appropriate. The data did not permit calcula-
tion of odds ratios, numbers needed to treat (NNTs)
and numbers needed to harm (NNHs) with 95%
confidence intervals. Continuous data were ana-
lysed as weighted mean differences (WMD).
Subgroup analysis was not possible due to the

heterogeneity of the trials.
QUOROM guidelines for reporting meta-analyses

were followed (16).

Results

The searches identified a total of 165 possible titles.
Seventy-three were excluded. Eighteen were not clin-
ical trials. Thirty-eight were abstracts. Thirteen trials
did not concern post-operative pain. One was a retro-
spective study. One paper (17) was irretrievable. Two
were duplicates (18, 19). In addition, eight trials were
not randomized and 15 did not have an appropriate
control. Fourteen trials were not described as double-
blind. A total of 55 randomized, controlled, double-
blind clinical trials of peri-operative administration of
ketamine for post-operative pain control were identi-
fied. Eighteen trials were excluded: five due to the
administration form of ketamine (two transdermal,
two intra-articular, one wound instillation). Four trials
were excluded because groups contained less than the
minimum of 10 patients who had completed the
study. Nine trials (20—28) were excluded due to meth-
odological flaws. The reasons for exclusion were as
follows: Clausen (20) (drugs randomized, not
patients/inappropriate pain scale); Heinke (21) (pri-
mary outcome PCA piritramide consumption/fixed
maximum dose of piritramide); Joachimsson (22)
(inappropriate pain scale, patients on ventilator);
Reeves (23) (different PCA settings); Sadove (24) (inap-
propriate pain scale); Taura (25) (unclear blinding,
different doses of morphine); Weinbroum (26) (flawed
randomization); Wong (27) (all patients pre-treated
with ketamine); Ünlügenc (28) (different PCA
settings).
Thirty-seven trials (29—65) with 53 treatment arms

met the inclusion criteria. One study in Turkish (62)
was assessed with the help of a native speaker.

Description of studies
These 37 trials with 53 treatment arms could be
divided into:

(a) 13 treatment arms with a pre-incisional intrave-
nous or intramuscular bolus of ketamine com-
pared with placebo;

(b) seven treatment arms with an intravenous-bolus of
ketamine at wound closure compared with
placebo;

(c) 13 treatment arms with a peri-operative continu-
ous infusion/repeated boluses of intravenous keta-
mine compared with placebo;

(d) seven treatment arms with administration of a pre-
incisional bolus of epidural ketamine;

(e) three treatment arms with administration of a post-
incisional bolus of epidural ketamine;

(f) two treatment arms with administration of a con-
tinuous peri-operative epidural infusion of keta-
mine compared with placebo;

(g) two treatment arms with intra-operative intravenous
ketamine vs. placebo combined with post-operative
PCA ketamine/morphine vs. PCA morphine;

(h) four treatment arms with post-operative intrave-
nous PCA ketamine/morphine, compared with
intravenous PCA morphine; and

(i) two treatment arms with patient-controlled
epidural analgesia (PCEA) ketamine þ morphine
(and other drugs), compared with PCEA morphine
(and other drugs).

Twenty-six trials had a placebo control while 11
used morphine as a control. A total of 2137 patients,
of which 1210 received ketamine, were studied. Pain
was rated using a visual analogue scale (VAS) in 34
trials, and using a verbal rating scale (VRS) in three.
The most common route of administration of keta-

mine was intravenous, as a bolus and/or infusion.
In six trials, ketamine was administered as an epi-
dural bolus. PCA ketamine was used in four studies
and PCEA ketamine in two. Thirty-two trials used
racemic ketamine, four trials used S(þ) ketamine
and one trial used the R(—) isomer.
Quality and validity scores were generally high

with a mean quality score of 3.9 and a mean validity
score of 10.3. Three trials were considered non-sen-
sitive (41, 50, 53, see Tables 1,3,8). Sensitivity was
judged according to criteria in the OPVS.

(a) Studies with administration of a pre-incisional
intravenous or intramuscular bolus of ketamine compared
with placebo [13 treatment arms, n (ketamine treated)
¼ 266]

Twelve trials with 13 treatment arms compared a
pre-incisional bolus dose of ketamine with placebo
(Table 1). R(—) ketamine was used in one treatment
arm (50), S(þ) ketamine in one treatment arm (32)
and racemic ketamine in 11 treatment arms.

Peri-operative ketamine for acute post-operative pain
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The retrieved trials were heterogeneous. The doses
of ketamine varied almost sevenfold, from 0.15 to
1.0 mg/kg intravenously. Different analgesics and
treatment regimens were employed for rescue medi-
cation, and the surgical procedures included various
gynaecological, abdominal, and orthopaedic opera-
tions. Due to this disparity, a meta-analysis of the
combined results was not considered rational.
In one of these trials having two treatment arms,

one pre- and one post-incisional, all patients had been
pre-treated with intramuscular ketorolac together
with pre-incisional skin infiltration with bupivacaine
(50). This trial was scored as non-sensitive.
Post-operative analgesic requirements were reduced

by a pre-incisional ketamine bolus in eight out of 13
treatment arms. VAS pain scores were reduced for up
to 24 h post-operatively in seven of the 13 arms.

(b) Studies with administration of an intravenous-bolus of
ketamine at wound closure compared with placebo [seven
treatment arms, n (ketamine treated) ¼ 212]

Five trials with seven treatment arms compared a
post-incisional bolus dose of ketamine with placebo
(Table 2). R(—) ketamine was used in one (50) and
racemic ketamine in six treatment arms.
Again the trials were heterogenous and involved

such different surgical procedures as elective out-
patient surgery and abdominal hysterectomy.
Ketamine doses ranged from 0.05 to 1 mg/kg. Two
studies (50, 51) used PCA opioid for post-operative
pain and three studies used an incremental intrave-
nous-opioid bolus on request.
In three out of seven treatment arms, post-opera-

tive morphine requirements were reduced by post-
incisional ketamine. VAS pain scores were reduced
in four out of seven treatment arms.

(c) Studies with administration of a peri-operative
continuous infusion/repeated boluses of intravenous-
ketamine compared with placebo [13 treatment arms, n
(ketamine treated) ¼ 290]

Eleven trials with 13 treatment arms compared a
peri-operative continuous intravenous infusion/
repeated intravenous bolus of ketamine with pla-
cebo (Table 3). A ketamine infusion was used in 12
treatment arms and a repeated intra-operative bolus
of ketamine at 20-min intervals in one (32). S(þ)
ketamine was used in two treatment arms (32, 42)
and racemic ketamine in 11.
The surgical procedures varied and included pre-

dominantly major abdominal and renal surgery.
There was clinical heterogeneity, with wide

variation in the total ketamine dose administered
due to different doses and duration of infusions.
Different analgesics and treatment regimens were
employed for rescue medication.
In one treatment arm, all patients received epi-

dural bupivacaine 2.5 mg/ml, 4 ml/h for 0—24 h
post-operatively (41). This was a trial with a nega-
tive outcome and was considered potentially non-
sensitive. However, as the patients experienced pain
above 30 on the VAS during movement in the early
post-operative period, and to avoid bias, the trial
was included in the quantitative analysis.
Ketamine treatment reduced post-operative

analgesic requirements in nine out of 13 treatment
arms. VAS pain scores were reduced in seven out of
13 treatment arms.

(d) Studies with administration of a pre-incisional bolus of
epidural ketamine [eight treatment arms, n (ketamine
treated) ¼ 119]

Seven trials with seven treatment arms investigated
a pre-incisional epidural bolus of ketamine
(Table 4). Two trials with two treatment arms inves-
tigated a pre-incisional epidural bolus of ketamine
and morphine compared with morphine alone.
Racemic ketamine was used in six treatment arms,
while S(þ) ketamine was used in one (40). These
trials concerned major surgical procedures such as
total abdominal hysterectomy, colectomy, gastrect-
omy and total knee arthroplasty. The ketamine
doses varied from 0.25 to 1 mg/kg.
Consumption of rescue analgesics was reduced in

only two out of seven treatment arms.
Pain scores were reduced in three out of seven

treatment arms. One trial did not provide pain
score data (59).

(e) Studies with administration of a post-incisional bolus of
epidural ketamine [three treatment arms, n (ketamine
treated) ¼ 61]

Three trials with three treatment arms investigated a
post-incisional epidural bolus of ketamine (Table 5)
Two trials investigated epidural ketamine þ
morphine, compared with epidural morphine
alone (56, 60). One trial compared epidural keta-
mine with placebo (29). All trials used racemic keta-
mine. Two trials used a ketamine dose of 30 mg
while the third trial used a dose of 1 mg/kg.
Analgesic consumption was reduced in two out of

three treatment arms. Two treatment arms found no
difference in pain scores. The third trial (60) did not
provide pain score data.
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(f) Studies with administration of a continuous peri-
operative epidural infusion of ketamine compared with
placebo [two treatment arms, n (ketamine treated) ¼ 40]

One trial with two treatment arms (36) investigated an
epidural bolus of ketamine followed by an epidural
infusion of ketamine until the end of surgery, com-
pared with a control group (no ketamine) (Table 6).
This trial used racemic ketamine at a dose of
0.25 mg/kg bolus þ 0.125 mg/kg/h in one treatment
arm and 0.5 mg/kg and 0.25 mg/kg/h in the other.
There was no significant difference in post-

operative analgesic consumption or pain scores.

(g) Studies with intra-operative intravenous ketamine vs.
placebo combined with post-operative PCA ketamine/
morphine vs. PCA morphine [two treatment arms, n
(ketamine treated) ¼ 37]

Two trials with two treatment arms investigated
intra-operative intravenous ketamine combined
with post-operative PCA ketamine þ morphine,
compared with per-operative placebo and post-
operative PCA morphine (Table 7). S(þ) ketamine
was used in one trial (57) and racemic ketamine in
the other (38).
Cumulative morphine consumption and pain

scores at rest were reduced in one treatment arm (57).

(h) Studies with post-operative intravenous PCA ketamine/
morphine, compared with intravenous PCA morphine [four
treatment arms, n (ketamine treated) ¼ 110]

Four trials with four treatment arms investigated
post-operative intravenous PCA ketamine þ
morphine, compared with intravenous PCA mor-
phine (Table 8). Racemic ketamine was used in
all trials. Doses ranged from 0.75 to 2 mg/ml. One
trial was judged to be potentially non-sensitive as
60—70% of the patients were pain free for the first
4 h after surgery (53).
Morphine consumption was reduced in two out of

four treatment arms. Pain scores were reduced in
three out of four treatment arms.

(i) Studies with PCEA ketamine þ morphine (and other
drugs), compared with PCEA morphine (and other drugs)
[two treatment arms, n (ketamine treated) ¼ 75]

Two trials with two treatment arms investigated
PCEA ketamine þ morphine, compared with
PCEA morphine (Table 9). These studies were per-
formed in patients undergoing major thoracic or
abdominal surgery. Racemic ketamine was used in
both treatment arms.Ta
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Analgesic consumption was reduced in both treat-
ment arms. Pain scores were reduced in both treat-
ment arms.

In summary, the need for rescue medication was
reduced in 29 out of 53 treatment arms, whereas
VAS or VRS pain intensity scores were reduced in
27 out of 51 treatment arms, pain score data not
being given in the two remaining arms. No study
reported an increased need for rescue medication,
or higher VAS scores in the ketamine group.
When individual trials, rather than treatment

arms, were examined, 27 out of 37 trials found that
peri-operative ketamine reduced rescue analgesic
requirements or pain intensity, or both.

Ketamine dose
The question of optimal ketamine dose is not
resolved by these heterogenous trials. Out of inter-
est, we wanted to see whether there was a dose-
dependent effect. Using an ‘average’ weight of
70 kg, we roughly calculated the mean 24-h dose
of ketamine for each of the trials included in the
24-h PCA morphine meta-analysis. The trials could
be divided into four groups: one group with an
estimated dose of approximately 10 mg, one group
with estimated dose of approximately 30 mg, a third
group with estimated dose of approximately 65 mg
and a fourth groupwith estimated dose of 250—270 mg.
Interestingly, there seemed to be no increased
morphine-sparing effect on increasing the ketamine
dose above an estimated dose of 30 mg/24 h.

Adverse effects
Two trials (31, 62) did not report on adverse effects.
In general, the occurrence of adverse effects was
similar in ketamine- and placebo-treated groups.

Psychotomimetic adverse effects

Twenty-one of 37 trials specifically stated that there
were no psychotomimetic adverse effects such as
hallucinations, bad dreams or dysphoria.
Psychotomimetic adverse effects were reported in
four trials (33, 41, 43, 60). Ilkjær et al. (41) reported
that two patients in the ketamine group, and one in
the placebo group, experienced psychomimetic
side-effects. Burstal et al. (33) reported withdrawal
of four patients in the ketamine group due to dys-
phoria. Subramaniam et al. (60) reported one patient
developing hallucinations after pre-operative
administration of ketamine, but no psychotomimeticTa
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adverse effects in the post-operative period. Javery
(43) reported one patient in the ketamine group
experiencing dysphoria, compared with three in
the control group.

Nausea and vomiting

One trial reported significantly less nausea in the
ketamine-treated group compared with placebo
(30). One trial reported significantly less nausea in
the ketamine þ morphine-treated group, compared
with the morphine group (43). One trial reported
significantly less nausea, vomiting and use of antie-
metics in the ketamine group on the first post-opera-
tive day (58).

Sedation

Four trials (37, 41, 50, 59) reported increased seda-
tion in the ketamine-treated groups: Ilkjær et al. (41)
reported significantly higher sedation scores for 0
—24 h after surgery. Guignard et al. (6) reported
higher sedation scores for the first 15 min after extu-
bation. Mathisen et al. (50) found that the placebo-
treated group opened their eyes significantly faster
and were extubated earlier than the R(—) ketamine-
treated groups. Subramaniam et al. (59) reported
high sedation scores in six patients in the ketamine
group, compared with none in the control group, for
the first 2 h after surgery, but no difference
thereafter.

Diplopia

Diplopia as an adverse effect of ketamine was
reported in three trials (30, 42, 45). Adriaenssens
(30) reported that two out of 15 ketamine-treated
patients experienced diplopia, while Jaksch (42)
reported diplopia in one out of 15 patients in the
ketamine group. Kararmaz (45) reported diplopia in
three ketamine-treated patients, compared with
none in the control group.

Quantitative data synthesis
The data did not permit the calculation of odds
ratios, numbers-needed-to-treat (NNTs) or num-
bers-needed-to-harm (NNHs).

Meta-analysis of studies employing post-operative PCA-
morphine

Twelve trials (30, 36—38, 41—43, 51, 53, 55, 57, 58)
provided data on 24-h cumulative intravenous
PCA morphine consumption. The authors of nine
trials were contacted in order to get the dataTa
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expressed as means � SD. Six authors kindly pro-
vided the necessary data. Though the author of one
trial (55) could not be contacted, data could be
extracted from a figure. In two trials (36, 53) it was
not possible to obtain the requested data.
In a total of 10 trials with 11 treatment arms and a

total of 432 patients, treatment with ketamine sig-
nificantly reduced PCA morphine consumption in
the first 24 h after surgery [WMD �15.98 mg with
95% CI (�19.70, �12.26)] (Fig. 1).

Meta-analysis of adverse effects with ketamine

Twenty-six out of 37 trials provided dichotomous
data on nausea and vomiting, or nausea and/or
vomiting. The total number of patients in the com-
parison was 1261. When all data were combined,
treatment with ketamine significantly reduced
post-operative nausea and vomiting (P ¼ 0.001).
When the data for nausea and for vomiting alone
were analysed, treatment with ketamine reduced
nausea (P ¼ 0.03) and vomiting (P ¼ 0.002). When
the data from trials included in the 24-h PCA mor-
phine consumption analysis were examined sepa-
rately, ketamine reduced nausea and vomiting
(P ¼ 0.03) (Fig. 2).

Discussion

The objective of this systematic review was to assess
the effectiveness and adverse effects of peri-
operative ketamine in the treatment of acute post-
operative pain.
Twenty-seven out of 37 trials found that peri-

operative ketamine reduced rescue analgesic
requirements or pain intensity, or both. Ten trials
found no significant difference between ketamine
and placebo, three of which were considered non-
sensitive.
During the preparation of this review, two sys-

tematic reviews investigating ketamine for post-
operative pain were published (66, 67). These
reviews include trials in children and trials
excluded in our own review due to route of admin-
istration and/or methodological issues. The authors
of the first review (66) included 37 trials. The pri-
mary outcome was VAS scores in the first 24 h after
surgery. Due to the heterogeneity of the data, we
have chosen to restrict quantitative analysis to 24-h
PCA morphine consumption and data on PONV.
The second review (67) has similar findings to our

own, with ketamine giving a clear decrease in 24-h
cumulative morphine consumption with a weightedTa

bl
e
6

S
tu
d
ie
s
(t
re
a
tm

e
n
t
a
rm

s
)
w
it
h
a
d
m
in
is
tr
a
ti
o
n
o
f
a
c
o
n
ti
n
u
o
u
s
p
e
ri
-o
p
e
ra
ti
v
e
e
p
id
u
ra
l
in
fu
s
io
n
o
f
k
e
ta
m
in
e
c
o
m
p
a
re
d
w
it
h
p
la
c
e
b
o

R
e
fe
re
n
c
e

Q
u
a
lit
y

s
c
o
re
/O

P
V
S

S
u
rg
ic
a
l

p
ro
c
e
d
u
re

n
,

k
e
ta
m
in
e
/

p
la
c
e
b
o

C
o
n
ti
n
u
o
u
s

p
re
-o
p
e
ra
ti
v
e

e
p
id
u
ra
l

in
fu
s
io
n
o
f

k
e
ta
m
in
e

T
re
a
tm

e
n
t
o
f

re
s
id
u
a
l
p
a
in
;

A
s
s
e
s
s
m
e
n
t
o
f
n
e
e
d
fo
r

re
s
c
u
e
a
n
a
lg
e
s
ic
s

A
s
s
e
s
s
m
e
n
t
o
f

p
a
in

O
u
tc
o
m
e
:
n
e
e
d

fo
r
re
s
c
u
e

a
n
a
lg
e
s
ic
s

O
u
tc
o
m
e
:

p
a
in

s
c
o
re

C
o
m
m
e
n
t

3
6

5
/1
4

R
e
c
ta
l

a
d
e
n
o
c
a
rc
in
o
m
a

s
u
rg
e
ry

2
0
/2
0

0
.2
5
m
g
/k
g
b
o
lu
s
þ

0
.1
2
5
m
g
/k
g
/h

u
n
ti
l

th
e
e
n
d
o
f
s
u
rg
e
ry

A
ft
e
r
re
c
o
v
e
ry

o
f

a
w
a
re
n
e
s
s
:
P
C
A
-

m
o
rp
h
in
e
fr
o
m

0
—2

4
h
p
o
s
t-
o
p
;

C
u
m
u
la
ti
v
e
n
u
m
b
e
r

o
f
m
e
t
a
n
d
u
n
m
e
t

P
C
A
m
o
rp
h
in
e

d
e
m
a
n
d
s

V
A
S
a
t
1
5
m
in
,

2
,
6
,
1
2
,
2
4
h

p
o
s
t-
o
p
.
A
re
a
o
f

h
y
p
e
r-
a
lg
e
s
ia
.

P
o
s
t-
o
p
e
ra
ti
v
e

re
s
id
u
a
l
p
a
in

a
t

2
w
e
e
k
s
,
1
m
o
n
th
,

6
m
o
n
th
s
,
1
y
e
a
r

N
S

N
S

S
e
e
a
ls
o
T
a
b
le

3

3
6

2
0
/2
0

0
.5

m
g
/k
g
b
o
lu
s
þ

0
.2
5
m
g
/k
g
/h

u
n
ti
l

th
e
e
n
d
o
f
s
u
rg
e
ry

N
S

N
S

S
e
e
a
ls
o
T
a
b
le

3

O
n
ly

d
a
ta

fr
o
m

th
e
fi
rs
t
2
4
p
o
s
t-
o
p
e
ra
ti
v
e
h
o
u
rs

in
c
lu
d
e
d
.

R. F. Bell et al.

1420



Ta
bl
e
7

S
tu
d
ie
s
(t
re
a
tm

e
n
t
a
rm

s
)
w
it
h
in
tr
a
-o
p
e
ra
ti
v
e
i.
v
.
k
e
ta
m
in
e
v
s
.
p
la
c
e
b
o
c
o
m
b
in
e
d
w
it
h
p
o
s
t-
o
p
e
ra
ti
v
e
P
C
A
k
e
ta
m
in
e
/m

o
rp
h
in
e
v
s
.
P
C
A
m
o
rp
h
in
e

R
e
fe
re
n
c
e

Q
u
a
lit
y

s
c
o
re
/O

P
V
S

S
u
rg
ic
a
l

p
ro
c
e
d
u
re

n
,

k
e
ta
m
in
e
/

p
la
c
e
b
o

In
tr
a
-o
p
e
ra
ti
v
e

i.
v
.
k
e
ta
m
in
e

p
o
s
t-
o
p
e
ra
ti
v
e

P
C
A
i.
v
.

k
e
ta
m
in
e

T
re
a
tm

e
n
t
o
f

re
s
id
u
a
l
p
a
in
;

A
s
s
e
s
s
m
e
n
t
o
f
n
e
e
d
fo
r

re
s
c
u
e
a
n
a
lg
e
s
ic
s

A
s
s
e
s
s
m
e
n
t
o
f

p
a
in

O
u
tc
o
m
e
:
n
e
e
d

fo
r
re
s
c
u
e

a
n
a
lg
e
s
ic
s

O
u
tc
o
m
e
:

p
a
in

s
c
o
re

C
o
m
m
e
n
t

3
9

4
/1
0

T
o
ta
l
a
b
d
o
m
in
a
l

h
y
s
te
re
c
to
m
y

2
4
/2
5

i.
v
.
b
o
lu
s
0
.3

m
g
/k
g
a
ft
e
r

in
d
u
c
ti
o
n
/

P
C
A
1
m
g
/
b
o
lu
s

R
e
s
c
u
e
a
n
a
lg
e
s
ia

in
P
A
C
U
:

i.
v
.
m
o
rp
h
in
e

1
-2

m
g
a
s
n
e
e
d
e
d
;

P
C
A
m
o
rp
h
in
e
/

k
e
ta
m
in
e
o
r
P
C
A

m
o
rp
h
in
e
;
P
C
A

m
o
rp
h
in
e

c
o
n
s
u
m
p
ti
o
n

0
—2

4
h
p
o
s
t-
o
p
.

V
R
S
a
t
2
4
h

p
o
s
t-
o
p
.

N
S

N
S

5
7

5
/1
1

R
a
d
ic
a
l
re
tr
o
p
u
b
ic

p
ro
s
ta
te
c
to
m
y

1
3
/1
2

i.
v
.
b
o
lu
s
0
.1

m
g
/k
g
,

fo
llo
w
e
d
b
y
c
o
n
t.

in
fu
s
io
n
o
f
0
.0
0
2

m
g
/k
g
/m

in
u
n
ti
l

s
k
in

c
lo
s
u
re
/

P
C
A
0
.5

m
g

b
o
lu
s

S
(þ

)
k
e
ta
m
in
e

P
C
A
m
o
rp
h
in
e
/

k
e
ta
m
in
e
o
r
P
C
A

m
o
rp
h
in
e
;
P
C
A

m
o
rp
h
in
e
c
o
n
s
u
m
p
ti
o
n

0
—4

8
h
p
o
s
t-
o
p
.

V
A
S
re
s
t
a
t

1
,
2
,
3
,
4
,
8
,

1
2
,1
8
,
2
4
,
3
0
,

3
6
,
4
2
,
4
8
h

p
o
s
t-
o
p
.;
V
A
S

m
o
b
ili
s
a
ti
o
n
a
t

2
4
,
4
8
h
p
o
s
t-
o
p
.

C
u
m
u
la
ti
v
e
P
C
A
-

m
o
rp
h
in
e

c
o
n
s
u
m
p
ti
o
n
—

4
8
h
p
o
s
t-
o
p
.

re
d
u
c
e
d

P
¼

0
.0
4
9

C
u
m
u
la
ti
v
e

V
A
S
re
s
t
fr
o
m

0
—4

8
h
p
o
s
t-
o
p
.

re
d
u
c
e
d
,
P
<

0
.0
1

V
A
S
m
o
b
ili
s
a
ti
o
n

N
S

D
a
ta

fr
o
m

0
—2

4
h

p
o
s
t-
o
p
.

c
o
u
ld

n
o
t
b
e

e
x
tr
a
c
te
d
—

p
a
in

a
n
d

m
o
rp
h
in
e

c
o
n
s
u
m
p
ti
o
n

w
a
s
fo
l-

lo
w
e
d
fo
r

4
8
h

p
o
s
t-
o
p
.

O
n
ly

d
a
ta

fr
o
m

th
e
fi
rs
t
2
4
p
o
s
to
p
e
ra
ti
v
e
h
o
u
rs

in
c
lu
d
e
d
.

Peri-operative ketamine for acute post-operative pain

1421



Ta
bl
e
8

S
tu
d
ie
s
(t
re
a
tm

e
n
t
a
rm

s
)
w
it
h
p
o
s
t-
o
p
.
i.
v
.
P
C
A
k
e
ta
m
in
e
/m

o
rp
h
in
e
,
c
o
m
p
a
re
d
w
it
h
i.
v
.
P
C
A
m
o
rp
h
in
e

R
e
fe
re
n
c
e

Q
u
a
lit
y

s
c
o
re
/O

P
V
S

S
u
rg
ic
a
l

p
ro
c
e
d
u
re

n
,

k
e
ta
m
in
e
/

p
la
c
e
b
o

P
o
s
t-
o
p
.

i.
v
.
P
C
A

k
e
ta
m
in
e

T
re
a
tm

e
n
t
o
f

re
s
id
u
a
l
p
a
in
;

A
s
s
e
s
s
m
e
n
t
o
f
n
e
e
d
fo
r

re
s
c
u
e
a
n
a
lg
e
s
ic
s

A
s
s
e
s
s
m
e
n
t
o
f

p
a
in

O
u
tc
o
m
e
:
n
e
e
d

fo
r
re
s
c
u
e

a
n
a
lg
e
s
ic
s

O
u
tc
o
m
e
:

p
a
in

s
c
o
re

C
o
m
m
e
n
t

3
3

5
/1
4

T
o
ta
l
a
b
d
o
m
in
a
l

h
y
s
te
re
c
to
m
y

3
7
/3
3

2
m
g
/b
o
lu
s

B
o
lu
s
d
o
s
e
o
f

m
o
rp
h
in
e
g
iv
e
n

in
re
c
o
v
e
ry

b
e
fo
re

P
C
A
.
P
C
A
m
o
rp
h
in
e
/

k
e
ta
m
in
e
o
r
P
C
A

m
o
rp
h
in
e
;
P
C
A

m
o
rp
h
in
e
c
o
n
s
u
m
p
ti
o
n

0
—4

8
h
p
o
s
t-
o
p
.

o
r
a
t
c
e
s
s
a
ti
o
n
o
f
P
C
A

V
A
S
a
t
re
s
t

a
n
d
o
n
c
o
u
g
h
in
g

A
re
a
o
f
a
llo
d
y
n
ia

(V
o
n
F
re
y
)

N
S

V
A
S
s
c
o
re
s

o
n
c
o
u
g
h
in
g

re
d
u
c
e
d
o
n
D
a
y
1
.

O
th
e
rw

is
e
N
S

A
re
a
o
f
a
llo
d
y
n
ia

re
d
u
c
e
d
P
¼

0
.0
4

1
0
p
a
ti
e
n
ts

in
k
e
ta
m
in
e
g
ro
u
p
v
s

1
in

c
o
n
tr
o
l
g
ro
u
p

w
it
h
d
ra
w
n
d
u
e
to

a
d
v
e
rs
e
e
ff
e
c
ts
.

A
ll
p
a
ti
e
n
ts

in
c
lu
d
e
d

in
e
ff
ic
a
c
y
a
n
a
ly
s
is

4
3

2
/9

L
u
m
b
a
r
m
ic
ro
-

d
is
c
e
c
to
m
y

2
2
/2
0

1
m
g
/b
o
lu
s

P
C
A
m
o
rp
h
in
e
/k
e
ta
m
in
e

o
r
P
C
A
m
o
rp
h
in
e
;

P
C
A
m
o
rp
h
in
e

c
o
n
s
u
m
p
ti
o
n
0
—2

4
h

p
o
s
t-
o
p
.

V
A
S
a
t

2
4
h
p
o
s
t-
o
p
.

M
e
a
n
m
o
rp
h
in
e

c
o
n
s
u
m
p
ti
o
n

re
d
u
c
e
d
fr
o
m

5
1
.1

to
2
5
.8
2

m
g

(P
<

0
.0
0
1
)

M
e
a
n
V
A
S

re
d
u
c
e
d
fr
o
m

4
.5

to
2
.3

(P
<

0
.0
0
1
)

R
e
d
u
c
e
d
n
a
u
s
e
a
,

p
ru
ri
tu
s
a
n
d
u
ri
n
a
ry

re
te
n
ti
o
n
in

th
e

k
e
ta
m
in
e
g
ro
u
p

5
3

4
/1
2

T
o
ta
l
a
b
d
o
m
in
a
l

h
y
s
te
re
c
to
m
y

2
1
/2
1

0
.7
5
m
g
/b
o
lu
s

P
C
A
m
o
rp
h
in
e
/

k
e
ta
m
in
e
o
r

P
C
A
m
o
rp
h
in
e
;

P
C
A
m
o
rp
h
in
e

c
o
n
s
u
m
p
ti
o
n

0
—2

4
h
p
o
s
t-
o
p
.

V
R
S
4
,
8
,

1
2
,
1
6
a
n
d

2
4
h
a
ft
e
r

s
u
rg
e
ry

N
S

N
S

In
s
e
n
s
it
iv
e
s
tu
d
y

P
C
A
b
a
c
k
g
ro
u
n
d

in
fu
s
io
n
w
it
h

k
e
ta
m
in
e
0
.7
5
m
g
/h
/

m
o
rp
h
in
e
1
m
g
/h

o
r

m
o
rp
h
in
e
1
m
g
/h

S
in
g
le

in
tr
a
-

o
p
e
ra
ti
v
e
d
o
s
e
o
f

k
e
ta
m
in
e
7
.5

m
g

6
5

3
/1
2

M
a
jo
r
a
b
d
o
m
in
a
l

s
u
rg
e
ry

3
0
/2
8

0
.0
1
2
5
m
g
/k
g
/

b
o
lu
s

P
C
A
m
o
rp
h
in
e
/

k
e
ta
m
in
e
o
r
P
C
A

m
o
rp
h
in
e
;
P
C
A

m
o
rp
h
in
e
c
o
n
s
u
m
p
ti
o
n

0
—2

4
h
p
o
s
t-
o
p
.

V
R
S
a
t
1
5
,
3
0
,

6
0
,
1
2
0
m
in
,

a
n
d
6
,
1
2
,

2
4
h
a
ft
e
r

s
u
rg
e
ry

2
4
h
m
e
d
ia
n

m
o
rp
h
in
e

c
o
n
s
u
m
p
ti
o
n

re
d
u
c
e
d
fr
o
m

4
9
to

4
6
.5

m
g

P
<

0
.0
0
1

P
a
in

s
c
o
re
s

lo
w
e
r
a
t
1
5
,3
0

a
n
d
6
0
m
in

P
<

0
.0
0
1

P
o
s
t-
o
p
.
lo
a
d
in
g

d
o
s
e
o
f
m
o
rp
h
in
e

0
.0
5
m
g
/k
g
w
h
e
n

V
R
S

�
2

O
n
ly

d
a
ta

fr
o
m

th
e
fi
rs
t
2
4
p
o
s
t-
o
p
e
ra
ti
v
e
h
o
u
rs

in
c
lu
d
e
d
.

R. F. Bell et al.

1422



mean difference of �15.7 mg. This review, including
studies performed in children and adults, is
restricted to randomized comparisons of ketamine
with inactive controls.
Ten trials with 11 treatment arms and 417 patients in

the comparison provided extractable data on 24-h
PCA morphine consumption. When these data were
combined, ketamine was shown to be effective in
reducing post-operative morphine requirements. This
should be interpreted with caution, as the number of
patients is small, and doses and time of administration
differ widely between trials. Performing separate
meta-analysis on data from the separate treatment
arms was considered but decided against, as the data
were heterogenous and the number of patients in each
analysis would be very small. The meta-analysis gave
a WMD of �15.98 mg. The clinical relevance of this
dose reduction in the first 24 h after surgery may be
debated. When individual trial data were examined,
including trials that were not included in the quanti-
tative analysis, ketamine was generally reported to
give a 30—50% reduction of rescue analgesics. A reduc-
tion of this order may well be clinically significant,
especially in selected patient groups. Peri-operative
ketamine may be useful for patients who traditionally
require larger doses of opioids, such as cancer patients
on long-term opioid therapy or the drug-dependent
patient population. Patients who are especially sensi-
tive to the adverse effects of opioids, such as the
elderly, may also be a target group for this treatment.
Randomized, placebo controlled trials in these patient
groups would be clinically relevant.
Elia et al. (67) found that ketamine treatment did

not reduce morphine-related adverse effects. They
also found that the highest risk of hallucinations
was in awake or sedated patients receiving keta-
mine without benzodiazepine, and that in patients
undergoing general anaesthesia, the risk of halluci-
nations was low and independent of benzodiaze-
pine premedication. In our own review where
surgery was performed under general anesthesia
in 35 out of the 37 included trials, ketamine-related
adverse effects were mild or absent. Elia et al. ana-
lysing data from 391 patients treated with ketamine
and 284 patients receiving inactive control, found no
decrease in PONV. In contrast, our analysis of data
from 705 patients treated with ketamine and 578
patients receiving active or inactive control, showed
a significant reduction of nausea and vomiting in
ketamine-treated patients.
Issues of optimal dose and form of administration

are not resolved by the current data. The most com-
mon route of administration for ketamine wasTa
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intravenous bolus and/or infusion, while 10 studies
investigated epidural ketamine. Spinal ketamine is
not a recommended route of administration due to
unclear toxicity issues (1). Whether the isomers S(þ)
or R(—) ketamine have advantages over the racemate
is not clear from the current data.
Three studies (41, 50, 53) were considered to be non-

sensitive. The issue of study sensitivity in trial design
is important. In general, sensitivity measures cannot
be used for studies with PCA analgesic consumption
as an endpoint (68). However, there are a number of
factors which may decrease study sensitivity and
which should be considered when designing clinical
trials on post-operative pain. In one trial, all patients
received a constant infusion of bupivacaine post-
operatively (41), while in another, all patients received
pre-treatment with ketorolac and pre-incisional skin
infiltration with bupivacaine (50). These factors may
have been responsible for low levels of pain. These
studies could produce false/negative results as they
would be unable to detect a difference between keta-
mine and placebo had there been one.
Only one study (36) included long-term follow-up

regarding mechanical hyperalgesia and residual pain.
An important question, which has not been addressed
in the current literature, is whether ketamine prevents
the development of hyperalgesia during surgery and/
or the development of chronic post-surgical pain.
NMDA receptor antagonists, including ketamine, have
been shown toprevent thedevelopment ofhyperalgesia
(69, 70). Chronic post-surgical pain is more common
than previously thought (71—74). Certain types of sur-
gical intervention, for example thoracotomy and mas-
tectomy, have a relatively high prevalence of chronic
post-surgical pain. Studies with long-term follow-up in
these patient groups would therefore be of interest.
Ketamine is a readily available, inexpensive drug.

It is generally thought that it has limited usefulness
in pain management due to adverse effects. This is
not supported by the current evidence in relation to
acute post-operative pain in adults where adverse
effects were mild or absent. In fact, ketamine
reduces post-operative nausea and vomiting.
Because both ketamine and morphine are reported
to cause nausea and vomiting, it is interesting that a
combination of morphine and ketamine appears to
reduce PONV. When low-dose ketamine is given to
healthy volunteers, the incidence of nausea and
vomiting appears to be greater than that reported
in the clinical setting (1). The observed reduction in
PONV in the studies included in this review may be
due to a morphine-sparing effect or to other as yet
undetermined factors. Not all trials providedR
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Review: Peri-operative ketamine for acute post-operative pain
Comparison: 02 Adverse effects                                                                                            
Outcome: 01 Nausea and vomiting                                                                                        

Study  Ketamine  Control  RR (fixed)  Weight  RR (fixed)
or sub-category  n/N  n/N  95% CI  %  95% CI

01 Number of patients with nausea
 Roytblat 1993              2/11               2/11          1.90      1.00 [0.17, 5.89]        

 Abdel-Ghaffar 1998        17/41              11/20         14.03      0.75 [0.44, 1.29]        

 Adriaenssens 1999          1/15               6/15          5.69      0.17 [0.02, 1.22]        

 Tan 1999                   8/30              11/30         10.43      0.73 [0.34, 1.55]        

 Kirdemir 2000              0/10               1/10          1.42      0.33 [0.02, 7.32]        

 Himmelseher 2001           2/18               5/19          4.61      0.42 [0.09, 1.91]        

 Subramaniam (a) 2001       11/26              11/24         10.85      0.92 [0.49, 1.72]        

 Jaksch 2002                7/15               4/15          3.79      1.75 [0.64, 4.75]        

 Santawat 2002             34/40              31/40         29.40      1.10 [0.89, 1.36]        

 Guillou 2003               2/41               4/52          3.35      0.63 [0.12, 3.29]        

 Kararmaz 2003              1/20               6/20          5.69      0.17 [0.02, 1.26]        

 Ünlügenc 2003              5/30               9/28          8.83      0.52 [0.20, 1.36]        

Subtotal (95% CI) 297                284 100.00      0.80 [0.65, 0.98]

Total events: 90 (Ketamine), 101 (Control)
Test for heterogeneity: χ² = 17.81, df = 11 (P = 0.09), I² = 38.2%
Test for overall effect: Z = 2.13 (P = 0.03)

02 Number of patients vomiting
 Roytblat 1993              1/11               2/11          5.64      0.50 [0.05, 4.75]        

 Stubhaug 1997              0/10               5/10         15.51      0.09 [0.01, 1.45]        

 Abdel-Ghaffar 1998         1/41               0/20          1.88      1.50 [0.06, 35.27]       

 Chia 1998                  1/45               2/46          5.58      0.51 [0.05, 5.44]        

 Adriaenssens 1999          1/15               2/15          5.64      0.50 [0.05, 4.94]        

 Hercock 1999               5/24              11/25         30.39      0.47 [0.19, 1.16]        

 Tan 1999                   4/30               8/30         22.56      0.50 [0.17, 1.48]        

 Kirdemir 2000              0/10               0/10                Not estimable         

 Himmelseher 2001           1/18               3/19          8.23      0.35 [0.04, 3.08]        

 Snijdelaar 2004            0/13               1/11          4.56      0.29 [0.01, 6.38]        

Subtotal (95% CI) 217                197 100.00      0.43 [0.25, 0.74]

Total events: 14 (Ketamine), 34 (Control)
Test for heterogeneity: χ² = 2.09, df = 8 (P = 0.98), I² = 0%
Test for overall effect: Z = 3.03 (P = 0.002)

03 Nausea and vomiting: All data
 Roytblat 1993              3/11               4/11          2.05      0.75 [0.22, 2.60]        

 Lauretti 1996              0/10               0/10                Not estimable         

 Stubhaug 1997              0/10               5/10          2.81      0.09 [0.01, 1.45]        

 Abdel-Ghaffar 1998        18/41              11/20          7.56      0.80 [0.47, 1.35]        

 Chia 1998                  1/45               2/46          1.01      0.51 [0.05, 5.44]        

 Adriaenssens 1999          2/15               8/15          4.09      0.25 [0.06, 0.99]        

 Hercock 1999               5/24              11/25          5.51      0.47 [0.19, 1.16]        

 Suzuki 1999               27/105              9/35          6.90      1.00 [0.52, 1.92]        

 Tan 1999                  12/30              19/30          9.72      0.63 [0.38, 1.06]        

 Kirdemir 2000              0/10               1/10          0.77      0.33 [0.02, 7.32]        

 Menigaux 2000              3/30               3/15          2.05      0.50 [0.11, 2.19]        

 Himmelseher 2001           3/18               8/19          3.98      0.40 [0.12, 1.26]        

 Menigaux 2001              1/25               0/25          0.26      3.00 [0.13, 70.30]       

 Papaziogas 2001            5/18               4/18          2.05      1.25 [0.40, 3.91]        

 Subramaniam (a) 2001       11/26              11/24          5.85      0.92 [0.49, 1.72]        

 Subramaniam (b) 2001        3/20               3/20          1.53      1.00 [0.23, 4.37]        

 Guignard 2002              4/25               5/25          2.56      0.80 [0.24, 2.64]        

 Jaksch 2002                7/15               4/15          2.05      1.75 [0.64, 4.75]        

 Santawat 2002             34/40              31/40         15.85      1.10 [0.89, 1.36]        

 Guillou 2003               2/41               4/52          1.80      0.63 [0.12, 3.29]        

 Kararmaz 2003              1/20               6/20          3.07      0.17 [0.02, 1.26]        

 Xie 2003                   5/28               5/14          3.41      0.50 [0.17, 1.44]        

 Ünlügenc 2003              5/30               9/28          4.76      0.52 [0.20, 1.36]        

 Argiriadou 2004            7/30               5/15          3.41      0.70 [0.27, 1.84]        

 Kakinohana 2004           14/25              12/25          6.14      1.17 [0.68, 1.99]        

 Snijdelaar 2004            0/13               1/11          0.83      0.29 [0.01, 6.38]        

Subtotal (95% CI) 705                578 100.00      0.77 [0.65, 0.90]

Total events: 173 (Ketamine), 181 (Control)
Test for heterogeneity: χ² = 30.82, df = 24 (P = 0.16), I² = 22.1%
Test for overall effect: Z = 3.20 (P = 0.001)

04 24 hr PCA morphine trials PONV
 Roytblat 1993              3/11               4/11         10.63      0.75 [0.22, 2.60]        

 Stubhaug 1997              0/10               5/10         14.61      0.09 [0.01, 1.45]        

 Adriaenssens 1999          2/15               8/15         21.25      0.25 [0.06, 0.99]        

 Menigaux  2000  post        1/15               3/15          7.97      0.33 [0.04, 2.85]        

 Menigaux 2000 pre          2/15               3/15          7.97      0.67 [0.13, 3.44]        

 Guignard 2002              4/25               5/25         13.28      0.80 [0.24, 2.64]        

 Jaksch 2002                7/15               4/15         10.63      1.75 [0.64, 4.75]        

 Guillou 2003               2/41               4/52          9.37      0.63 [0.12, 3.29]        

 Snijdelaar 2004            0/13               1/11          4.29      0.29 [0.01, 6.38]        

Subtotal (95% CI) 160                169 100.00      0.59 [0.37, 0.94]

Total events: 21 (Ketamine), 37 (Control)
Test for heterogeneity: χ² = 8.71, df = 8 (P = 0.37), I² = 8.1%
Test for overall effect: Z = 2.20 (P = 0.03)

 0.1  0.2  0.5  1  2  5  10

 Favors treatment  Favors control

Fig. 2. Meta-analysis: adverse effects (nausea and/or vomiting). PONV, postoperative nausea and vomiting; WMD, weighted mean
difference; RR, relative risk; CI, confidence interval.
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extractable data regarding nausea and vomiting. It
is recommended that future trials report adverse
effects as dichotomous data.
The large number of papers retrieved shows that

there is considerable interest in the use of ketamine
for acute post-operative pain. A number of studies are
only published as abstracts. It will be interesting to see
whether they are ultimately published, and how the
new data will contribute to current findings.

Conclusions

Ketamine is effective in reducing morphine require-
ments in the first 24 h after surgery. Adverse effects
are mild or absent. Ketamine reduces post-operative
nausea and vomiting. These data should be inter-
preted with caution as the retrieved studies were
heterogenous and the result of the meta-analysis
can not be translated into any specific administra-
tion regimen with ketamine.
Future trials should focus on optimal dose and have

long-term follow-up with regard to the development
of hyperalgesia and chronic post-surgical pain. Trials
of peri-operative ketamine in selected patient groups
where opioid sparing is desirable would be of inter-
est. Better reporting of adverse effects, for example as
dichotomous data, is required.
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