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Abstract

Purpose Perioperative intravenous ketamine may be a
useful addition in pain management regimens. Previous
systematic reviews have included all methods of ketamine
administration, and heterogeneity between studies has
been substantial. This study addresses this issue by nar-
rowing the inclusion criteria, using a random effects
model, and performing subgroup analysis to determine the
specific types of patients, surgery, and clinical indications
which may benefit from perioperative
administration.

Source We included published studies from 1966 to 2010
which were randomized, double-blinded, and placebo-
controlled using intravenous ketamine (bolus or infusion)
to decrease postoperative pain. Studies using any form of
regional anesthesia were excluded. No limitation was
placed on the ketamine dose, patient age, or language of
publication.

Principal findings Ninety-one comparisons in seventy
studies involving 4,701 patients met the inclusion criteria
(2,652 in ketamine groups and 2,049 in placebo groups).
Forty-seven of these studies were appropriate for evalua-
tion in the core meta-analysis, and the remaining 23
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studies were used to corroborate the results. A reduction in
total opioid consumption and an increase in the time to first
analgesic were observed across all studies (P < 0.001).
The greatest efficacy was found for thoracic, upper
abdominal, and major orthopedic surgical subgroups.
Despite using less opioid, 25 out of 32 treatment groups
(78%) experienced less pain than the placebo groups at
some point postoperatively when ketamine was efficacious.
This finding implies an improved quality of pain control in
addition to decreased opioid consumption. Hallucinations
and nightmares were more common with ketamine but
sedation was not. When ketamine was efficacious for pain,
postoperative nausea and vomiting was less frequent in the
ketamine group. The dose-dependent role of ketamine
analgesia could not be determined.

Conclusion Intravenous ketamine is an effective adjunct
for postoperative analgesia. Particular benefit
observed in painful procedures, including upper abdomi-
nal, thoracic, and major orthopedic surgeries. The
analgesic effect of ketamine was independent of the type of
intraoperative opioid administered, timing of ketamine
administration, and ketamine dose.

was

Résumé

Objectif La ketamine intraveineuse perioperatoire peut
constituer un ajout utile a I’arsenal therapeutique de prise en
charge de la douleur. Les revues methodiques precedentes ont
examine toutes les methodes d’administration de la ketamine,
et I’heterogenceite” entre les etudes est considerable. Cette
etude aborde la question en limitant les criteres d’inclusion,
en utilisant un modele a effets aleatoires et en realisant
une analyse de sous-groupe afin de determiner les types
specifiques de patients et de chirurgie ainsi que les indications
cliniques qui pourraient beneficier de [1’administration
perioperatoire de ketamine.
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Source Nous avons inclus les etudes publiees entre 1966
et 2010 qui etaient randomisees, d double insu et
controlées par placebo et qui ont utilise’ la ketamine
intraveineuse (bolus ou perfusion) afin de reduire la
douleur postoperatoire. Les etudes ayant recours d une
forme d’anesthesie regionale, quelle qu’elle soit, ont ete’
exclues. Aucune limite n’a ete placee au niveau de la dose
de ketamine, de l'dge des patients ou de la langue de
publication.

Constatations principales Quatre-vingt-onze comparaisons
dans soixante-dix etudes portant sur 4701 patients
respectaient nos criteres d’inclusion (2652 dans les groupes
ketamine et 2049 dans les groupes placebo). Quarante-sept
de ces etudes convenaient d une évaluation dans la
meta-analyse centrale, et les autres 23 etudes ont ete
utilisées pour corroborer les resultats. Une reduction de la
consommation totale d’opioides et une augmentation du
temps jusqu’d administration du premier agent analgesique
ont ete’ observees dans toutes les etudes (P < 0,001). La plus
grande efficacite” a ete” observee dans les sous-groupes de
chirurgie thoracique, de chirurgie abdominale superieure et
de chirurgie orthopedique majeure. Malgre 'utilisation de
moins d’opioides, 25 des 32 groupes de traitement (78 %)
ont ressenti moins de douleur que les groupes placebo a un
certain moment en postoperatoire lorsque la ketamine etait
efficace. Ces resultats indiquent une meilleure qualite” du
controle de la douleur outre une consommation reduite
d’opioides. Les hallucinations et les cauchemars etaient plus
frequents avec la ketamine, mais pas la sedation. Lorsque la
ketamine a permis un controle efficace de la douleur, les
nausees et vomissements postoperatoires etaient moins
frequents dans le groupe ketamine. Le role dose-dependant
de I’analgesie a base de ketamine n’a pas pu étre determine.
Conclusion La ketamine intraveineuse est un ajout efficace
al’analgesie postoperatoire. Des bienfaits particuliers ont ete’
observes dans les interventions douloureuses, notamment
les chirurgies abdominales superieures, thoraciques et
orthopediques majeures. L’effet analgesique de la ketamine
etait independant du type d’opioide peropératoire administre,
du moment d’administration de la ketamine, et de la dose de
ketamine.

Acute pain management is an important aspect of peri-
operative anesthetic care. Inadequate postoperative
analgesia has been shown to contribute to adverse out-
comes, including, but not limited to, immunosuppression,
hyperglycemia, poor rehabilitation, and progression to
chronic pain. Opioids are the mainstay for the manage-
ment of acute pain, with adjuvant therapies, such as non-
steroidal anti-inflammatory drugs, acetaminophen, gaba-
pentin, and regional techniques, reducing opioid
consumption. However, these therapeutic options are not
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desirable in all patients due to side effects, opioid toler-
ance, organ failure, and various drug interactions.

Ketamine, an N-methyl-D-aspartate (NMDA) antago-
nist, has undergone a recent resurgence of interest amongst
acute care providers as an adjunct in acute pain manage-
ment. Blocking the NMDA receptor may improve the
efficacy of opioids and reduce the development of chronic
pain syndromes. Ketamine used in higher doses is less
desirable due to adverse effects, such as hallucinations,
nightmares, nausea, dizziness, and blurred vision, and
when used in low doses for the management of acute
postoperative pain, evidence of efficacy has been incon-
clusive. Also, the definition of “low-dose” ketamine has
been inconsistent and inconclusive.'” Randomized con-
trolled trials (RCTs) and subsequent systematic reviews
evaluating the efficacy of ketamine for postoperative
analgesia have had mixed results, with some results being
very positive and others showing no difference from pla-
cebo. In previous systematic reviews, ketamine has been
evaluated over a wide range of doses as well as via various
routes of administration.”” Results have been relatively
inconclusive, due at least in part to the significant hetero-
geneity amongst the studies.

We therefore undertook a new systematic review using a
random effects model with a focus on RCTs reporting the
perioperative use of intravenous ketamine. The primary
outcome was total postoperative opioid consumption.
Secondary outcomes included time to first analgesic, pain
scores, and side effects. Further subgroup analyses pro-
vided insights into the subsets of patients which might
benefit most from the use of perioperative ketamine and the
factors which might influence the efficacy of ketamine in
postoperative pain management.

Methods

The systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.'” Since ketamine
was developed as a drug in 1962, only studies after this
date were searched. A literature search was conducted
using Medline (1966-2010), EMBASE (1980-2010), The
Cochrane Library, and hand searching relevant reference
lists, including those of the existing systematic reviews.””
An attempt was made to contact the manufacturers of
ketamine (Pfizer and Erfa) and individual authors for
missing data as necessary. Searches were conducted using
an extensive search strategy as previously described by
Bell er al.® (see the Appendix).

Studies meeting inclusion criteria were identified by title
and abstract. These criteria include the following: 1) dou-
ble-blinded randomized placebo-controlled trials; 2)
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administration of perioperative ketamine; 3) administration
of intravenous ketamine; and 4) measurement of postop-
erative analgesic use or pain. Studies using any form of
regional anesthesia were excluded. There were no limita-
tions on ketamine dose, patient age, or language of the
study.

Two independent reviewers identified all abstracts for
possible inclusion and exclusion according to the above-
mentioned criteria, with removal of duplicates. Full text
articles of this subset were further reviewed for inclu-
sion and exclusion. Discrepancies between independent
reviewers were resolved by discussion with an independent
third party.

Two reviewers then jointly performed the assessment of
risk of bias and data extraction. Only high-quality double-
blinded randomized placebo-controlled studies were
included. Assessment of risk of bias included evaluation of
the adequacy of randomization, concealment of allocation,
appropriate blinding, and the extent of loss to follow-up
as suggested in the Cochrane Collaboration’s tool for
assessing risk of bias."" Where these details were not
explicitly reported, a consensus judgement was made by
the reviewers to estimate risk of bias, and studies with a
high risk of bias were excluded.

Data extraction was performed collecting the following
data points on a predesigned form: 1) year of publication,
2) number of patients (treatment vs placebo), 3) patient age
(adult vs child), 4) dose of ketamine used (total dose, bolus,
and infusion rates), 5) timing (preincision, intraoperative,
postoperative, concurrent with patient-controlled analge-
sia), 6) type of surgery, 7) intraoperative narcotic used, 8)
pain scores (<24 hr, >24 hr, and maximum postoperative),
9) total narcotic used, 10) time to first narcotic, 11) side
effects reported (hallucinations, nausea, sedation, other),
12) use of nitrous oxide, and 13) use of benzodiazepines.
Attempts were made to complete missing data fields as
necessary by contacting authors directly.

Data was analyzed using a random effects model
within a comprehensive meta-analysis database pro-
gram.'> A random effects model was chosen due to the
highly divergent outcomes found in previous meta-anal-
yses. This model is statistically more robust where study
population and sample size are heterogeneous among
studies as it takes account of variance both within and
between studies.'> Outcome measures examined quanti-
tatively included total opioid consumption and time to
first analgesic, which were measured by standard differ-
ence in means (SDM), also known as Cohen’s effect size
or Cohen’s d. When the confidence interval (CI) was
reported, we calculated standard deviation (SD) using the
following formula: 95% CI = x £ (1.96)(SEM) where
SEM = SD/\/ (n). When mean and SD or CI were not

available, the studies were excluded from the initial meta-
analysis. These datasets were converted to mean and SD
equivalents and used to corroborate the results of the
meta-analysis. When available, P values and sample sizes
were used. When only median and interquartile range
(IQR) were available, normal distribution was assumed,
and SD was calculated using SD = IQR/1.349 as done in
previous meta-analyses.'*

Standard difference in means was used as the effect size
(ES) measurement to allow combining different opioids
that have very different appropriate doses. There is rea-
sonably good agreement among statisticians about ES
interpretation for SDM. Cohen, who described the mea-
surement, stated that a small ES < 0.2, a medium
ES = 0.5, and a large ES > 0.8."° Lipsey and Wilson'®
studied the issue formally in 302 meta-analyses, and they
found the bottom quartile effect size < (0.3, the med-
ian = 0.5, and the upper quartile > 0.67. Based on this, we
consider that SDM > 0.6 is evidence of a difference which
is likely to be clinically significant.

Predetermined subgroup analyses included patient age,
ketamine dose, timing and duration of administration, type
of intraoperative opioid, site of surgery, worst reported
postoperative pain, and use of nitrous oxide. Use of nitrous
oxide was considered important as it is also known to have
NMDA antagonist activity.'” Bonferroni correction of the
significance level o for multiple comparisons was used by
family, with each subgroup considered a family.'® The
effects of maximum pain score and total dose of ketamine
on total opioid use were analyzed as fixed effects using
metaregression. The maximum pain score was converted to
a fraction of the scale’s maximum to allow comparisons
between scales.'”

Meta-analysis of the primary outcome, total postopera-
tive opioid use, was examined for publication bias using
classic fail-safe as well as Duval and Tweedie’s trim and
fill analysis.”’ Heterogeneity was determined using
I-squared (Iz).2I

Due to the various methods of reporting pain scores,
including scales, timing, and numerous data points, it was
difficult to merge these data into a meaningful quantita-
tive analysis. Thus, pain scores and side effects were
analyzed qualitatively. Only studies explicitly reporting
the side effect were included in the analysis of that side
effect. Nausea and vomiting were combined as “postop-
erative nausea and vomiting” (PONYV), with either or both
counting as one event. A Chi square test was used to
calculate P values for each side effect as well as for
subgroups when ketamine was efficacious (as defined by
SDM > 0.6 for total narcotic use) and when it was not.
Bonferroni corrections were also applied to these
P values."
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Results

A total of 70 studies met inclusion criteria (see Fig. 1).
Literature searches and review of reference lists as of
December 31, 2010 revealed 2,257 titles and abstracts
which were screened by two independent reviewers. Once
duplicated studies were removed, the remaining 1,746
abstracts were screened. A total of 129 full text studies
were assessed for eligibility, and 59 of these were exclu-
ded. Of these studies, 11 were excluded due to the use of
regional anesthesia, 23 had an inadequate placebo group,
ten were not explicit about their blinding procedures, five
had inadequate randomization, six had different outcomes
than our analysis, three were not RCTs, and one study was
unavailable as it was in the British Lending Library and the

Additional articles identified
through other sources
(n=49)

Articles identified through
database searching
(n= 2208)

Articles screened
(n=2257) >

v

Abstracts screened
(n=1746) >

Duplicates removed
(n=511)

Abstracts excluded
(n=1617)

\ 4

Full-text articles
excluded
(n=59)

Full-text articles assessed
for eligibility
(n=129)

A 4

Studies included in Qualitative outcomes
qualitative synthesis only
(n=70) (n=6)

v

Studies included in
quantitative synthesis >
(n=64)

Incomplete datasets
(n=17)

Complete datasets included
in meta-analysis
(n=47)

Fig. 1 Study inclusion flow diagram.
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section of the library holding the paper was closed for
asbestos removal.*

Of the 70 studies meeting inclusion criteria, 64 were
suitable for inclusion in the quantitative analysis, and the
remaining six were added to the qualitative analysis. These
six studies reported data which were not useable in the
quantitative analysis, such as median and range (two),
mean only (one), mean and range (one), graphical data and
SEM (one), and number of events of non-opioid rescue
analgesia (one). The 70 studies included a total of 4,701
patients (2,049 in placebo groups and 2,652 in treatment
groups) with 92 treatment arms and 71 placebo arms. Of
the studies included, 14 single treatment arms were
excluded (13 studies: one due to route of administration,
four due to lack of control, and nine because a different
drug was used for comparison). Within the 64 studies
remaining for the quantitative analysis, 17 reported data
other than mean and standard deviations or confidence
intervals. Specifically, seven studies reported median and
interquartile ranges, five studies reported integer data or
events, and five studies reported a sample size and P value.
Thus, 47 studies™® were initially analyzed quantitatively,
an additional 17 studies’®®® were used to corroborate the
results within the quantitative analysis, and the remaining
six studies®’ % were added to the qualitative analysis.

All 70 studies had either low or unclear risks of bias in
all six categories of the Cochrane Collaboration’s tool for
assessing risk of bias (see Table 1). Publication bias was
shown to be highly unlikely. Classic fail-safe analysis
required finding 6,709 additional missing studies to bring
the P value to >0.05. Duval and Tweedie’s trim and fill
test for effects of publication or other bias applied to the
primary outcome, postoperative opioid use, showed no
change in the SDM or in the 95% CI (Q-value = 399;
P < 0.0001). As expected, there was considerable heter-
ogeneity (I> = 82.98). Therefore, a random effects model
with subgroup analysis was undertaken as proposed.

The analysis of the 47 core studies using the random
effects model resulted in a SDM for total opioid consumed
of —0.631 (95%CI = —0.802 to —0.459; P < 0.001),
demonstrating an opioid sparing effect with treatment (see
Fig. 2). The SDM for time to first analgesic was 0.905
(95%CI = 0.551 to 1.259; P < 0.001), demonstrating a
significant increase in the time to first postoperative anal-
gesic (see Fig. 3). Heterogeneity within the 47 studies
remained high (I2 = 83.44), as can also be seen visually on
the forest plot graph (see Fig. 2). In comparison, when
adding the 17 studies requiring assumptions and/or con-
versions to the analysis for a total of 64 studies, the SDM
for total opioid consumed remained significant (SDM =
—0.646; 95%CI = —0.797 to —0.495; P < 0.001), and the
SDM for time to first analgesic also remained significant
(SDM = 0.848; 95%CI = 0.542 to 1.155; P < 0.001).
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Table 1 Study quality — Cochrane Collaboration’s risk of bias tool

Author(s) Sequence  Allocation Blinding Incomplete outcome data (dropouts) Selective  Other
generation  concealment outcome  bias
reporting
Abu-Shahwan (2008) Low Low Low Low (2/42 control group) Low Low
Adriaenssens et al. (1999) Low Unclear Low Low (none) Low Low
Aubrun et al. (2007) Low Low Low Low (6/51 each group) Low Low
Auveline et al. (2006) Low Unclear Low Low (1/23 treatment group) Low Low
Aveline et al. (2009) Low Low Low Low (1/25 control group) Low Low
Ayoglu et al. (2005) Low Unclear Low Low (none) Low Low
Bafra et al. (2007) Low Low Low Low (none) Low Low
Becke et al. (2005) Low Low Low Low (none®) Low Low
Burstal et al. (2001) Low Low Low Low (1/34 control, 10/47 treatment groups) Low High
Bulkovic et al. (2007) Low Unclear Low Low (none) Low Low
Chazan et al. (2010) Low Low Low Low (none) Low Low
Colomboni et al. (2008) Low Unclear Low Low (9/111 control, 3/109 treatment groups) Low Low
Dabhl et al. (2009) Low Unclear Low Unclear (10/99 across groups) Low Low
Dal et al. (2005) Low Unclear Low Low (none) Low Low
Dal et al. (2007) Low Unclear Low Low (none) Low Low
Darabi et al. (2008) Low Low Low Low (none) Low Low
Darwish et al. (2005) Low Unclear Low Low (none) Low Low
Deng et al. (2009) Low Unclear Low Low (none) Low Low
Dullenkopf et al. (2009) Low Unclear Low Unclear (10/120 across groups) Low Low
Edwards et al. (1993) Low Unclear Low Low (none) Low Low
Engelhardt et al. (2008) Low Low Low Low (none) Low Low
Ganne et al. (2005) Low Low Low Low (1/31 Treatment group) Low Low
Gilabert et al. (2002) Low Unclear Low Low (1/23 in each of 3 groups) Low Low
Gillies et al. (2007) Low Unclear Low Low (none) Low Low
Guignard et al. (2002) Low Unclear Low Low (none) Low Low
Guillou et al. (2003) Low Unclear Low Low (2/54 control, (6/47 treatment groups) Low Low
Hadi et al. (2010) Low Unclear Low Low (none) Low Low
Hayes et al. (2004) Low Unclear Low Low (none) Low Low
Heinke et al. (1999) Low Unclear Low Low (none) Low Low
Hercock et al. (1999) Low Low Low Low (1/25 treatment group) Low Low
Jaksch et al. (2002) Low Unclear Low Low (none) Low Low
Javery et al. (1996) Low Unclear Low Low (none) Low Low
Jensen et al. (2008) Low Low Low Low (4/30 treatment group) Low Low
Joly et al. (2005) Low Low Low Low (1/25 treatment group) Low Low
Kafali (2004) Low Unclear Low Low (none) Low Low
Kapfer et al. (2005) Low Low Low Low (11/77 had adequate Pain relief, 1/22 control) Low Low
Karaman et al. (2006) Low Low Low Low (none) Low Low
Katz et al. (2004) Low Low Low Low (25/168 across groupsb) Low Low
Kwok et al. (2004) Low Low Low Low (none) Low Low
Lahtinen et al. (2004) Low Unclear Low Low (5/51 control, 7/51 treatment) Low Low
Lak et al. (2010) Low Unclear Low Low (5/30 control, 5/30 treatment) Low Low
Lebrun et al. (2006) Low Unclear Low Low (11/95 across groups®) Low Low
Lehmann et al. (2001) Low Unclear Low Low (none) Low Low
Loftus et al. (2010) Low Unclear Low Unclear (64/165 not randomized) Low Low
McKay et al. (2007) Low Low Low Low (1/42 prior to randomization) Low Low
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Table 1 continued

Author(s) Sequence Allocation Blinding Incomplete outcome data (dropouts) Selective  Other
generation  concealment outcome  bias
reporting
Mebazaa et al. (2008) Low Unclear Low Low (4/71 control group) Low Low
Menigaux et al. (2000) Low Unclear Low Low (none) Low Low
Michelet et al. (2007) Low Unclear Low Low (2/50 prior to randomization) Low Low
Murdoch et al. (2002) Low Unclear Low Low (none) Low Low
Murray et al. (1987) Low Unclear Low Low (none) Low Low
O’Flaherty et al. (2003) Low Unclear® Low Low (2/20 treatment group) Low Low
Ogun et al. (2001) Low Unclear Low Low (none) Low Low
Ozgun et al. (2003) Low Unclear Low Low (none) Low Low
Pirim et al. (2006) Low Unclear Low Low (none) Low Low
Reeves et al. (2001) Low Unclear Low Low (5/76 across groups, 7/71 across groups®) Low Low
Remer and et al. (2009) Low Low Low Low (6/160 across groups) Low Low
Reza et al. (2010) Low Low Low Low (none) Low Low
Roytblat et al. (1993) Low Unclear Low Low (none) Low Low
Sahin et al. (2004) Low Unclear Low Low (none) Low Low
Sen et al. (2009) Low Unclear Low Low (none) Low Low
Snijdelaarr et al. (2004) Low Unclear Low Low (2/14 control, 1/14 treatment) Low Low
Suzuki et al. (1999) Low Unclear Low Low (none) Low Low
Unlugenc et al. (2002) Low Unclear Low Low (none) Low Low
Unlugenc et al. (2003) Low Unclear Low Low (2/30 control group Low Low
Van Elstraete et al. (2004) Low Unclear Low Low (none) Low Low
Webb et al. (2007) Low Unclear Low Low (7/64 control, 4/56 treatment groups) Low Low
Wu et al. (2009) Low Unclear Low Low (none) Low Low
Yamauchi et al. (2008) Low Unclear Low Low (2/202 across groups) Low Low
Yentur et al. (2004) Low Low Low Low (none) Low Low
Zakine et al. (2008) Low Low Low Low (4/27 treatment group) Low Low

4 4 excluded and study extended to add 4 more

© 8/25 prerandomization, 10/25 intraop, 7/25 postop

¢ Also 22/117 excluded due to adequate postop pain control

4" After 40/80 patients completed study, code was revealed for prelim results

€ 7/71 included in analysis as they were given study medication

Subgroups were created as described previously, and the
47 core studies were analyzed initially using total opioid
consumed as the measured endpoint (see Table 2). No
differences were identified based on age, ketamine dose,
timing and duration of administration, type of intraoperative
opioid, or presence of nitrous oxide. The most significant
differences were found based on the site of surgery and the
maximum visual analogue scale (VAS)-equivalents repor-
ted immediately postoperatively. The least opioid reduction
was found in those patients undergoing head and neck
surgery, dental surgery, or tonsillectomy (SDM = 0.065;
95%CI = —0.201 to 0.331; P = 0.631). This was also
the group with the least heterogeneity (I> = 13.2). Upper
abdominal and thoracic procedures showed the great-
est decrease in opioid used (SDM = —1.741; 95%
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CI = —2.625 to —0.857; P < 0.001). Orthopedic (limb and
spine), intra-abdominal and lower abdominal surgery also
showed decreased opioid use with the use of ketamine.
Maximum VAS-equivalents greater than seven out of
ten showed the greatest opioid reduction with ketamine
use (SDM = —1.063; 95%CI = —1.521 to —0.605; P <
0.001). In contrast, no decrease in opioid dose was found
with maximum VAS-equivalents less than four out of ten
(SDM = —0.437; 95%CI = —1.209 to 0.335; P = 0.268).
Metaregression of maximum VAS-equivalents showed a
significant correlation (slope = —1.22; 95%CI = —1.701
to —0.746; P < 0.001) (see Fig. 4). Metaregression of the
total dose of ketamine received showed a much less sig-
nificant degree of correlation (slope = —0.04; 95%CI =
—0.069 to —0.001; P = 0.009). Addition of the 17 studies
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Yamauchi et dl, 2008(C2)

Preincision, Intracp + Postop Total opioid

Fig. 2 Forest plOt of core meta- Study name Comparison Outcome Std diff in means and 95% CI

analysis (postoperative opioid

consumption). Lebrunetd, 2006 Preincision Totl opicid ——
Aubrunetd, 2008 Preincision + PCA Totdl opicid +—+—
Sehinetd, 2004 Preincision Total opioid o —
Engelhardtetd, 2008 Preincision + Intracp Tdtal opiaid —_
Jdschetd, 2002 Preincision + Intracp Total opicid o | g
Kalz et dl, 2004 Intracp Total opicid -
Murdoch et dl, 2002 Intraop + PCA Tdtal opiaid D
Heinkeetd, 1999 Postep Total opicid —_—
Lebrunetd, 2006 Postop Total opioid —_—
Reeves etd, 2001 PCA Totd opioid —_—
Jensenetd, 2008 Preincision + PCA Total opioid
Hercock et d, 1999 Preincisicn + PCA Total opioid —_—
Heinkeetd, 1999 Preincision + Intracp Totdl opioid —_—
Deng etd, 2009 (3) Preincision, Intracp + Postep  Total apicid ——
VanBistragteetd, 2004  Preincision + Intracp Total opiaid —f
Gameetd, 2005 Preincision + Intracp Total opioid ——
McKayetd, 2007 Preincision, Intracp + Postep  Total apicid —h—
Dullenkopfetd, 2009(2)  Preincision Total opioid ——
Kinck et dl, 2004 Postop Total opioid —_
Bdraetd, 2007 Preincision + Intracp Total opicid e 2
Yamauchi etd, 2008(L2) Preincision, Intracp + Postep Tdtal apiaid —
Karaen et d, 2006 Preincision Total opicid ——
Yentur et dl, 2004 Postop Totdl opioid —_—
Dahl etal, 2000 Postop Total opioid —_—
Karamen etd, 2006 Intracp Total opioid e b
Dulerkepf et d, 2009(1)  Preincision Total opioid —
Dehl etal, 2000 Preincision Total opioid L
Kaiz etdl, 2004 Preincision + Intracp Total opioid —
Lehmem etdl, 2001 Preincision Total opioid —
Sz etd, 1999(1) Intracp Total opioid —t
Yamauchi etdl, 2008(C1) Preincision, Intracp + Postep  Tdtal apiaid —_—
Remerandetd, 2000 Preincision, Intracp + Postop  Total opiaid -+
Gillies etd, 2007 Postop Totdl opioid —_—t
Loftus et d, 2010 Preincision + Intracp Total opicid —t
Gilabertetd, 2002 Preincision Total opicid —
Lahtinen et d, 2004 Preincisicn, Intracp + Postcp  Tdtal apiaid —t
Gilzbertetd, 2002 Postop Totdl opioid —_
Yamauchi etd, 2008(L1) Preincision, Intracp + Postep  Tdtal apicid —_—
Sz etd, 1999(2) Intracp Total opioid —_
Guilloueta, 2003 Preincision, Intracp + Postep Total opicid —t
Sz etd, 1999(3) Intracp Total opioid e
Deng etd, 2009(2) Preincision, Inracp + Postop  Total opicid e e
Chazanetd, 2010 PCA Total opioid B
Rezaetd, 2010 Preincision Total opioid e
Kinok et d, 2004 Preincision Total opioid —
Snijdelaar etd, 2004 Preincision, Inracp + PCA  Total opicid —_—
Deng etd, 2009 (1) Preincision, Intracp + Postop  Total opicid —_—
Kapfer etdl, 2005 Postop Total opioid —_—
Menigauxet d, 2000 Preincision Total opioid ——
Menigauxet d, 2000 Postep Total opioid —t—
Jaeryetd, 1996 PCA Total opioid ——
Ogunetd, 2001 Preincisicn and intracp Total opioid A
Adrigenssensetd, 1999 Postep Total opioid -t
Senetd, 2009 Preincisicn + Intracp Total opioid +——
Hadi et al, 2010 Intracp Total opioid $
Leketd, 2010 Postep Total opioid —_—
Pirimetd, 2006 Postop Total opioid R
Unlugenc etd, 2002 Postop + PCA Total opicid —_—
Kafali, 2004 Preincision Total opicid R E—
Awineetd, 2009 Preincisicn, Intracp + Postcp  Tdtal apicid —_—

—

Roytblat et d, 1998

Preincision

requiring assumptions to each subgroup analysis resulted in
no significant differences from the core analysis.

Pain scores were reported using various scales in all 70
studies. These scales included VAS, verbal rating scale,
verbal pain scale, numerical rating scale, Children’s Hos-
pital of Eastern Ontario pain scale, Hanallah pain score,

Total opioid

-4.00 -2.00 0.00 2.00 4.00

Favours ketamine Favours placebo

objective pain scale, McGill pain questionnaire, and other
pain scores or measurements. Overall, 37.5% of studies
showed a significant decrease in early pain scores (30 min-
4 hr), and 25% showed a significant decrease in late pain
scores (24-72 hr). Despite using more opioid, 78% of the
placebo groups experienced significantly more pain than
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Fig. 3 Forest plot of core meta-analysis (time to first analgesic).

the ketamine treatment groups when ketamine was effica-
cious. This occurred in only 16% of the studies where
ketamine was not efficacious.

No serious side effects (death, loss of limb, or organ)
were reported. Although reporting was variable, most
studies reported neuropsychiatric effects (hallucinations,
psychiatric disturbances, unpleasant dreams, diplopia,
blurred vision, nystagmus, or dysphoria), nausea and/or
vomiting, and sedation. Most studies reported event counts
rather than severity, so we analysed only counts. Overall,
the treatment groups had increased neuropsychiatric effects
(P = 0.018), decreased PONV (P = 0.018), and no dif-
ference in sedation (P = 0.99) when compared with
placebo. However, when efficacious studies were analyzed
alone, the neuropsychiatric effects became significant
(P < 0.001), and PONV was significantly decreased in the
treatment groups (P < 0.001) (see Table 3). There was no
difference in the incidence of pruritis, urinary retention, or
other reported side effects.

Discussion
Heterogeneity among studies was significant and remains a

limitation of systemically reviewing this topic. This study
uses two approaches to search more deeply than previous

@ Springer

Study name Comparison Outcome Std diffin means and 95% Cl
Roytblat et al, 1993 Preincision Time to analgesic E—
Kafali, 2004 Preincison Time to analgesic —
Kwoket al, 2004 Preincision Time to analgesic ——
Gilabert et al, 2002 Postop Time to analgesic t
Dal et al, 2007 Preincision Time to analgesic ——
Menigaux et al, 2000 Postop Time to analgesic —t
Aveline et al, 2009 Preincision, Intraop + Postop Time to analgesic ——
Hadi et al, 2010 Intraop Time to analgesic ——
Menigaux et al, 2000 Preincison Time to analgesic ——
Dal et al, 2005 Intraop Time to analgesic ——
Heinke et al, 1999 Preincision + Intraop Time to analgesic —_—t
Kwoket al, 2004 Postop Time to analgesic ——
Heinke et al, 1999 Postop Time to analgesic —+—
Batra et al, 2007 Preincision + Intraop Time to analgesic —
Abu-Shahwan, 2008 Preincison Time to analgesic ——
Karaman et al, 2006 Intraop Time to analgesic —
Karaman et al, 2006 Preincision Time to analgesic e
Lahtinen et al, 2004 Preincision, Intraop + Postop Time to analgesic -+
Gilabert et al, 2002 Preincision Time to analgesic ——
Van Eldraete et al, 2004 Preincison + Intraop Time to analgesic ——
Jaksch et al, 2002 Preincision + Intraop Time to analgesic —
Sahin et al, 2004 Preincision Time to analgesic —+— ‘
4.00 2.00 0.00 2.00 4.00

Favours placebo Favours ketamine

reviews in dealing with the heterogeneity of RCTs. First,
we attempted to decrease heterogeneity by limiting the
review to RCTs using intravenous ketamine without
regional anesthesia. Since regional techniques are so suc-
cessful at decreasing postoperative pain, we presumed that
regional anesthesia would act as a confounder that would
increase heterogeneity and mask efficacy. In our view, the
main role of ketamine would be to treat patients where
regional anesthesia is not used. Second, we extracted the
most severe pain recorded in each study to determine
whether severity of pain is a factor in ketamine efficacy.

Several of the studies meeting inclusion criteria did not
report data as mean (SD), and they may not have tested for
normality. The meta-analysis program deals with these
issues by making the assumption of normal distribution of
data, which may not always be the case. We tested the
importance of this issue by analyzing a subset of 47 studies
which expressed their results as mean (SD) or 95%CI. In
general, including all 64 studies rather than limiting them
to those 47 did not change the conclusions but only
strengthened them.

The results of this analysis suggest that intravenous
ketamine has an opioid sparing effect. This effect is seen as
a reduction in the quantity of opioid administered and
prolonged time to first analgesic across all studies. The
choice of subgroup categories is necessarily somewhat
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Table 2 Subgroup comparisons

Subgroup Member Study treatment arms Effect size (SDM) Lower 95%CI Upper 95%CI
Age Adult 58 —0.685 —0.862 —0.508
Pediatric 4 +0.173 —0.147 +0.492
Ketamine dose <0.5 mg/kg 32 —0.589 —0.813 —0.366
0.501-1 mg/kg 6 —0.038 —0.252 +0.175
>1 mg/kg 20 —0.808 —1.121 —0.496
Mode of Delivery Bolus +/— PCA 29 —0.497 —0.729 —0.265
Infusion +/— PCA 29 —0.782 —1.055 —0.509
PCA alone 4 —0.496 —1.106 +0.114
Bolus alone 27 —0.55 —-0.79 —0.31
Timing Pre-incision 39 —0.562 —0.773 —0.35
Post-incision 23 —0.751 —1.05 —0.452
Intraop opioid Fentanyl 24 —0.611 —0.857 —0.364
Sufentanil 5 —0.738 —1.051 —0.426
Remifentanil 17 —0.709 —1.145 —0.274
Other 16 —0.511 —0.85 —0.172
Surgical Site Head and Neck 5 +0.065 —0.201 +0.331
Orthopedic 17 —0.811 —1.158 —0.464
Lower and mid abdomen 26 —-0.471 —-0.719 —-0.222
Upper abdomen and thoracic 6 —1.741 —2.625 —0.857
Other 8 —0.536 —0.778 —0.293
Pain Severity <4/10 6 —0.437 —1.209 +0.335
4 to 4.9/10 17 —0.475 —0.767 —0.183
5/10 to 6.9/10 24 —0.518 —0.749 —0.287
>7/10 13 —1.063 —1.521 —0.605
N,O use Yes 39 —0.731 —0.944 —0.518
No 17 —0.433 —0.84 —0.026
Not specified or optional 6 —0.555 —0.841 —0.269

Fig. 4 Metaregression of
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particular benefit, as defined by decreased opioid use, was  painscale). By surgical site, ketamine was not efficacious for
observed in painful procedures (VAS-equivalent > 70%  tonsillectomy, dental or head and neck surgery, but it had
of the maximum score on any pain scale). Ketamine  significant analgesic benefit for those procedures involving
was not beneficial for surgery associated with mild pain  the upper abdomen and thorax. Timing of administration
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Table 3 Side effects

Side effect Ketamine Placebo P (corrected)
Neuropsychiatric Overall 166 (7.35) 87 (4.95) 0.018
When efficacious 60 (7.69) 20 (3.05) <0.001
When not 97 (8.24) 64 (7.3) 0.99
PONV Overall 472 (25.64) 460 (30.4) 0.018
When efficacious 124 (16.94) 155 (25.88) <0.001
When not 308 (34.34) 245 (33.61) 0.99
Sedation Overall 17 (2.53) 25 (4.42) 0.99
When efficacious 3 (1.23) 9 (4.15) 0.981
Values reported as counts When not 14 (5.12) 12 (5.8) 0.9

(percentage)

(pre- or post-incision) and size of dose had no influence, and
there was no pre-emptive effect identified.

Within subgroup comparisons, the pediatric subgroup
appears to be poorly represented (only four studies). How-
ever, there were a large number of pediatric studies present
in the additional 17 studies. When these data are included
(total 11 treatment arms), the lack of benefit persists in the
pediatric populations studied. This is explained, at least
partially, by the relatively high representation of pediatric
tonsillectomy studies. The lack of efficacy in children may
be a product of surgical site rather than age.

Despite the clear opioid-reducing effect of ketamine in
certain clinical scenarios, what is the actual clinical bene-
fit? In essence, what is wrong with using higher doses of
opioid? This question can be answered, at least partially, by
looking more closely at the pain scores in these studies.
Despite using more opioid, 78% of the placebo groups
experienced significantly more pain than the ketamine
treatment groups when ketamine was efficacious. This
implies an improved quality of pain control in addition to
the decrease in opioid consumption. One weakness of all
analgesic studies is the lack of an objective measure of
pain; however, the pain scores used are validated measures.
Another potential clinical benefit is the reduction of opioid-
induced side effects. Overall, for example, ketamine
demonstrated a significant reduction in the percentage of
PONV (P = 0.018). This becomes much more significant
when ketamine is efficacious (P < 0.001) and becomes
insignificant when it is not.

The perioperative use of ketamine as an adjuvant to pain
management was shown to be relatively safe with no
serious side effects. However, ketamine is known for its
neuropsychiatric side effects, and this is a drawback for the
routine use of this drug. Overall, there was an increase
in such side effects with the treatment of ketamine
(P = 0.018), which becomes more prevalent with treat-
ment efficacy (P < 0.001). This is despite most individual
articles finding these effects to be not statistically signifi-
cant. Many papers commented that the psychological side
effects were well tolerated.

@ Springer

These results suggest that perioperative low-dose keta-
mine may be useful in a variety of clinical settings. First, it
may be used when the anticipated postoperative VAS score
is greater than 7/10, and it may be given at any point
(preemptively, intraoperatively, postoperatively) and in
any method (bolus, infusion, patient-controlled analgesia
co-administration). Second, the site of surgery (and possi-
bly the extent of the incision) has an impact on the efficacy
of ketamine as a perioperative adjuvant drug. However, we
postulate that pain severity is more important than surgical
site. So, for example, it would be wrong to deny all lower
abdominal surgery patients ketamine on the basis of this
review, since there is a large difference in postoperative
pain between minor and major operations. There may be
factors other than the severity of surgical pain that con-
tribute to success or failure of intravenous ketamine, but
that remains unexplored. The reduction in opioid dose may
particularly benefit those patients for whom opioid sparing
is important, such as patients who are intolerant to opioid
side effects and those with a history of PONV. Since
neuropsychiatric disturbances remain an issue with the use
of ketamine, one must weigh the risks and benefits of this
intervention. Also, these disturbances may be potentially
decreased by the use of a benzodiazepine (although most
studies included did this) and by limiting the dose. The
optimal dose of ketamine remains unclear as there
appeared to be no correlation between dose and efficacy.

There is little to be gained from more RCTs evaluating
ketamine’s role in surgery known to produce mild pain.
Further study should be directed towards unanswered
questions; the focus should be on studying patients at risk
for severe postoperative pain and respiratory depression
and on investigating the rescue of patients who continue to
suffer severe postoperative pain despite routine treatment.
The orthopedic studies included mildly painful arthro-
scopic surgery which showed no benefit from ketamine.
More painful surgery should be studied, such as total joint
replacement or fracture fixation under general anesthesia.
Finally, the prevention and treatment of chronic pain is
relatively unexplored.
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In conclusion, intravenous ketamine is effective in
reducing total opioid requirements and delaying the time to
first analgesic dose for many patients with postoperative
pain. Subgroup analyses show the greatest opioid sparing
effect occurring when high maximum postoperative pain
scores are encountered. When the drug spares opioid
requirements, it decreases PONV at the expense of an
increase in neuropsychiatric disturbances. Thus, ketamine
has a clinical benefit when used perioperatively in certain
clinical circumstances while potentially causing harm in
others.
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Appendix: Search strategy (EMBASE, Medline)

1. KETAMINE
2. ketamine OR ketalar
3. (lor2)
4. PAIN POSTOPERATIVE
5. (postoperat* near pain*)
6. (pain* next following next surg*)
7. (pain* next following next treat*)
8. (pain* next following next operat™*)
9. postoperat* 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. (12 and 13)
15. (post-operat* near analgesi*)
16. (postoperat* near analgesi*)
17. (post-surg* near analgesi*)
18. (postsurgi* near analgesi*)
19. (analgesi* next following next surg*)
20. (analgesi* next following next operat*)
21. (@or5or6or7or8or9orld4orl5orl6orl7orl8
or 19 or 20)
22. (3 and 21)
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