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Abstract

Introduction Reducing postoperative opioid consumption is

a priority given its impact upon recovery, and the efficacy of

ketamine as an opioid-sparing agent in children is debated.

The goal of this studywas to update a previousmeta-analysis

on the postoperative opioid-sparing effect of ketamine,

adding trial sequential analysis (TSA) and four new studies.

Materials and Methods A comprehensive literature search

was conducted to identify clinical trials that examined

ketamine as a perioperative opioid-sparing agent in chil-

dren and infants. Outcomes measured were postoperative

opioid consumption to 48 h (primary outcome: postopera-

tive opioid consumption to 24 h), postoperative pain

intensity, postoperative nausea and vomiting and psy-

chotomimetic symptoms. The data were combined to cal-

culate the pooled mean difference, odds ratios or standard

mean differences. In addition to this classical meta-analysis

approach, a TSA was performed.

Results Eleven articles were identified, with four added to

seven from the previous meta-analysis. Ketamine did not

exhibit a global postoperative opioid-sparing effect to 48

postoperative hours, nor did it decrease postoperative pain

intensity. This result was confirmed using TSA, which

found a lack of power to draw any conclusion regarding the

primary outcome of this meta-analysis (postoperative opi-

oid consumption to 24 h). Ketamine did not increase the

prevalence of either postoperative nausea and vomiting or

psychotomimetic complications.

Conclusions This meta-analysis did not find a postoperative

opioid-sparing effect of ketamine. According to the TSA, this

negative result might involve a lack of power of this meta-

analysis. Further studies are needed in order to assess the

postoperative opioid-sparing effects of ketamine in children.

Key Points

Ketamine has been found ineffective as a

postoperative opioid-sparing effect.

Using two statistical methodologies, this updated

systemic review found the number of studies

insufficient to draw any conclusion about the opioid-

sparing effect of ketamine or its side effects.

Further studies are needed in order to assess the

postoperative opioid-sparing effects of ketamine in

children.

1 Introduction

Postoperative pain management in children has evolved in

the context of increased use of regional analgesia and of

non-opioid analgesics, particularly nonsteroidal anti-in-

flammatory drugs (NSAIDs) [1].

& Souhayl Dahmani

souhayl.dahmani@rdb.aphp.fr

1 Department of Anesthesia and Intensive Care, Robert Debre

University Hospital, Paris, France

2 Department of Anaesthesia and Pain Management, Royal

Children’s Hospital, Melbourne, Australia

3 Paris Diderot University, Paris, France

4 DHU PROTECT, INSERM U1141, Robert Debre University

Hospital, Paris, France

5 Department of Anesthesiology, Intensive Care and Pain

Management, Robert Debre Hospital, 48 Bd Sérurier,

75019 Paris, France

Pediatr Drugs (2016) 18:421–433

DOI 10.1007/s40272-016-0196-y

http://crossmark.crossref.org/dialog/?doi=10.1007/s40272-016-0196-y&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s40272-016-0196-y&amp;domain=pdf


Both pain and opioid consumption are of major concern

for long-term outcomes in children. Many studies have

found pain to cause functional and structural central ner-

vous system sensitization resulting in higher pain percep-

tion during future painful stimulation [2, 3]. Moreover, the

opioids commonly used for pain relief have themselves

been shown to cause postoperative pain sensitization [4].

These findings led to the development of the concept of

opioid-free anesthesia (OFA), aiming both to prevent opi-

oid-induced hyperalgesia and to improve postoperative

pain management.

Ketamine has been found to produce analgesic, anti-

hyperalgesia, and opioid-sparing effects in adult patients

[5]. Interestingly, these postoperative effects, especially the

opioid-sparing effect, have been observed for up to 24

postoperative hours even when ketamine is administered as

a single intraoperative bolus. These effects have been

hypothesized to involve an intraoperative opioid-sparing

effect with a reduction of opioid-related hyperalgesia and

inhibition of the major mechanism of this phenomenon,

namely NMDA-receptor stimulation [6–8]. However, these

effects in children are still debated. One meta-analysis

performed in 2010 found ketamine to be ineffective in

reducing postoperative opioid administration in children

[9]. Recently, a new statistical technique called trial

sequential analysis (TSA) has been strongly recommended

as a complement to meta-analysis [10, 11]. It allows for

correction of type I risk and heterogeneity, and furthermore

determines the number of patients required in future trials

for adequately powered meta-analyses.

Thus, the goal of the present work was to update the

2010 meta-analysis on the opioid-sparing effect of keta-

mine, perform meta-analysis with recent additional trials,

and perform TSA—the latter to confirm results and deter-

mine number of patients to include in future adequately

powered trials, if indicated.

2 Materials and Methods

2.1 Bibliographic Search and Analysis

We conducted this meta-analysis according to the

Cochrane Handbook for Systematic Reviews guidelines

[12] and the PRISMA statements [13].

Literature database searches included PubMed, Embase,

the Cochrane Central Register of Controlled Trials, clinical

trial registers and open access journals not indexed in

major databases (Directory of Open Access Journals, Open

Journal of Anesthesiology, Anesthesiology Research and

Practice, Journal of Anesthesia & Clinical Research,

Journal of Anesthesiology & Clinical Science, Journal of

Anesthesiology and Critical Care Medicine). The following

queries were used: ‘ketamine or ketalar’ and ‘children or

infant’. In addition, a manual search of the references from

the selected articles (including reviews and meta-analyses)

was also performed. Congress abstracts were not included.

The date of the most recent search was June 2016. Given

that seven articles were identified in our previous 2010

ketamine meta-analysis on the opioid-sparing effect of

ketamine, we extended our searches from January 2010 to

June 2016 for PubMed and Embase databases and included

all dates for others sources [5].

Articles meeting the following criteria were included in

our analysis: randomized controlled studies, double blin-

ded, absence of neurological and/or psychiatric diseases,

standardized anesthesia protocols, postoperative opioid

administration, standardized analgesic protocols (including

rescue analgesics), presence of a control group with no

active treatment (placebo), and administration of ketamine

via the systemic route (oral, intravenous, sublingual or

rectal). These criteria led to the selection of articles with

lowest methodological bias. Readers assessed article

quality and the presence of potential bias using the fol-

lowing criteria: randomization and allocation concealment

(clear, sufficiently detailed description of methodology

demonstrating whether intervention allocations could have

been foreseen before or during enrollment), double blind-

ing, incomplete data report statements (concerning exclu-

ded patients and data), and selective reporting (presence of

studied outcomes report verified). Extracted data consisted

of patient ages, performed surgery, ketamine administra-

tion (route, doses, and timing), hypnotic agents used,

intraoperative analgesia, postoperative analgesia, and

meta-analysis outcomes. The primary outcome of this

study was opioid consumption during the first 24 postop-

erative hours; secondary outcomes were postoperative

opioid requirements in the post-anesthesia care unit

(PACU) and during the first 48 postoperative hours, post-

operative pain in PACU and during the first 24 and 48

postoperative hours, the occurrence of postoperative nau-

sea and vomiting (PONV) during the first 24 postoperative

hours, and the occurrence of psychotomimetic symptoms

such as nightmares or hallucinations (percentage of

patients) during the postoperative period to 24 h.

The articles were independently analyzed (double-check

analysis) by four anesthesiologists (Julie Hilly, Alia Skhiri,

Rachida Abdat, Thierno Diallo) and when conflicting

results were found, the article was checked again by two

anesthesiologists.

2.2 Statistical Analysis

Classical meta-analysis procedures were performed using

the Review Manager 5 software (RevMan 5.3, The

Cochrane Collaboration, Oxford, UK). Further analyses
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were also performed using TSA software (Copenhagen

Trial Unit’s Trial Sequential Analysis Software, hereafter:

TSA Software, Copenhagen, Sweden). When original data

were expressed as continuous variables, meta-analysis was

performed using the standardized mean difference (SMD).

This method allowed aggregation of outcomes measured

using different tools, particularly pertinent to pediatric pain

which is assessed using multiple different pain scales such

as OPS (Objective Pain Scale), FLACC (Face, Legs,

Activity, Cry, Consolability scale) or EDIN (Echelle

Douleur Inconfort Nouveau-Né) [14, 15]. Opioid con-

sumption outcomes were computed using mean difference

(MD) and converted to morphine equivalents as follows:

1 mg of intravenous morphine = 1 mg of nal-

buphine = 10 lg of fentanyl = 7.5 mg of pethidi-

ne = 0.5 mg of oxycodone. In all other cases, outcome

incidence analysis was performed using the risk ratio (RR).

In order to include a maximum number of appropriate

studies, incomplete data were managed by contacting the

corresponding author or estimation of the mean and the

standard deviation (SD) on the basis of the sample size,

median, and range according to the method described by

Hozo and colleagues [16]. The absence of a validated

method to convert medians and interquartile ranges to

means and SDs led to all involved data being discarded.

Where outcomes were expressed as continuous and

dichotomous values, a partial standardized mean ratio

(SMR) was initially computed for each study, than trans-

formed to partial odds ratios (ORs) using Chinn’s formulae

[17]: LnOR = 1.814 9 SMR (Ln: logarithm). Data were

entered as Ln(OR) and SD(LnOR) in the software. Overall

MD, SMD, or RR (and its 95 % confidence interval [CI])

was then calculated using the inverse variance method.1

Heterogeneity was assessed for the primary outcome of

this meta-analysis (opioid consumption during the first 24

postoperative hours) using I2 statistics. This describes the

percentage of the variability in effect estimates (MD) that

is due to heterogeneity rather than sampling error.

According to the Cochrane review guidelines,2 an

I2[ 40 % and a p\ 0.1 were considered as the threshold

for heterogeneity and indicated the use of a random effects

model. In addition, subgroup analyses were performed

(when at least two studies included the considered out-

come) according to the type of surgery, time of adminis-

tration (intraoperative vs concomitant intraoperative and

postoperative), and the use of postoperative non-opioid

analgesics in addition to the opioid agent. Postoperative

non-opioid agents considered in the analysis were

paracetamol, NSAIDs, nefopam, and dexamethasone.

Comparison between subgroups (called the interaction test)

consisted of subgroup heterogeneity determination. In

studies with more than one intervention arm, each arm was

considered as a study and compared with the control group

so as to take all data into account. In this particular case,

the number of participants in the control group was dis-

tributed equally (with a tolerance of one participant dif-

ference in case of an odd number of participants) between

analyses in order to avoid unit of analysis error (the number

of total participants must always be included in individual

trials). Finally, to avoid calculation failure related to zero

values, a 1 or 0.001 was added to all groups when the

number of events was equal to 0 in any group (for RevMan

and TSA, respectively).

Statistical methods are available to assess the effects of

unpublished studies on the results of meta-analysis (pub-

lication bias). This type of bias is assessed by plotting the

OR, or the logarithm of the OR, against a measurement of

the precision of the OR such as the standard error of the

OR. This plot is named the funnel plot and its asymmetry

may indicate studies left unpublished because of negative

results3 [18]. Such asymmetry may also indicate data

heterogeneity or poor methodology in included studies

[18, 19]. Some studies, due to design, may also produce

strongly positive results that lead to funnel plot asymmetry

interpreted as ‘publication bias’. Methodological bias may

also lead to strongly positive results creating funnel plot

asymmetry [18, 20]. According to the Cochrane collabo-

rative guideline,4 publication bias can be assessed when

aggregating at least 10 studies for analysis.

Results of intervention effects were expressed as OR,

MD, or SMD (95 % CI) I2, and p value for I2 statistics.

Interaction tests between paired subgroups were expressed

as X2 value, df, I2, and p value for I2. Difference between

subgroups was considered significant when p\ 0.05.

In order to confirm or infirm primary outcome results, a

second set of analyses were performed using the trial

sequential method [10, 11]. This method has been found to

be more reliable when analyzing cumulative heterogeneous

results (the computation of overall results takes into

account the heterogeneity of results using Biggerstaff and

Tweedie’s method [21]) and decreases type I error. TSA

provides three important supplementary data points when

compared with traditional meta-analysis. Firstly, it com-

bines results and provides a cumulated sample size of

included trials using an approximate semi-Bayes procedure

with an adjusted threshold for statistical significance and

1 http://www.cochrane-handbook.org/ (Section 9.4.6). Last accessed

June 2016.
2 http://www.cochrane-handbook.org/ (Section 9.5.2). Last accessed

June 2016.

3 http://www.cochrane-handbook.org/ (Section 10.4.3.1). Last access

June 2016.
4 http://www.cochrane-handbook.org/ (Section 10.4.3.1). Last access

June 2016.
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adjusted alpha risk in order to decrease type I error. The

result is considered as significant when the boundary of

significance is crossed.

Secondly, TSA considers the effect of previous meta-

analyses on overall results. Considering that the alpha risk

must be adjusted to the number of comparisons, classical

meta-analysis does not take into account this correction,

leading to 20–30 % false-positive results [10], while TSA

can perform corrections according to studies previously

included in meta-analyses.

Thirdly, TSA allows the description of further trial

requirements, through a procedure known as trial sequen-

tial monitoring boundaries. When the cumulative z score

for the studied outcome crosses the trial sequential moni-

toring boundary, the level of evidence for the intervention

is considered reached and no further trials are needed. TSA

also determines the futility area, indicating that no signif-

icant result would be found with additional trials. Finally

the O’Brien-Fleming approach in TSA (the number of

patients to be included in the meta-analysis in order to

reach the desired level of significance) predicts the sample

size to be included in future trials in order to achieve proof

of the desired effect according to current results. In our

study, information size was computed for the primary study

outcome (opioid consumption in the first postoperative

24 h) assuming an alpha risk of 5 %, a beta risk of 20 %,

and an MD equal to the one computed on overall available

results of the classical meta-analysis method.

3 Results

Using the above criteria, 323 additional articles were iden-

tified, of which four were assessed as relevant. They were

added to the seven studies examining postoperative opioid

consumption in our previously published meta-analysis, and

analyses were performed on 11 studies [22–32]. No study

included in this meta-analysis used the S isomer of ketamine

(S-ketamine). The details of the selection process are sum-

marized in Fig. 1. The description of included studies is

displayed in Table 1. Two hundred and sixty-nine patients

received ketamine and 239 received placebo. All studies

employed intravenous ketamine. All studies employed

ketamine boluses (range 0.15–0.7 mg/kg). Five of eleven

studies employed intraoperative ketamine infusions (range

0.08–0.25 mg/kg/h). Four studies employed postoperative

ketamine infusions (range 0.08–1 mg/kg/h), of which three

also employed intraoperative infusions.

3.1 Overall Results

Overall, ketamine was found to be ineffective in decreasing

opioid consumption in PACU (Fig. 2a), during the first 24

postoperative hours (Fig. 2b), or during the first 48 h

(Fig. 2c) (MD = 0.2 mg/kg morphine [-0.59 to 1.00],

I2 = 77 %, p = 0.0005; MD = 0.00 [-0.06 to 0.05],

I2 = 40 %, p = 0.13; MD = 0.11 [-0.06 to 0.28],

I2 = 0 %, p = 0.89, respectively). Postoperative pain

scores were also unaffected by ketamine administration in

PACU (Fig. 3a), during the first 24 postoperative hours

(Fig. 3b), or during the first 48 h (Fig. 3c) (SMD = 0.22

[-0.89 to 1.33], I2 = 93 %, p\ 0.00001; SMD = -0.75

[-2.32 to 0.82], I2 = 96 %, p\ 0.00001; SMD = -0.30

[-0.63 to 0.03], I2 = 0 %, p = 0.91, respectively).

Ketamine did not affect PONV incidence during PACU

stay (N = 5, RR = 1.71 [0.82–3.53], I2 = 0 %, p = 0.61)

or during the first 24 postoperative hours (N = 7,

RR = 1.48 [0.97–2.26], I2 = 15 %, p = 0.13). The inci-

dence of psychotomimetic symptoms was also found to be

equivalent (N = 6, RR = 1.86 [0.83–4.14], I2 = 0 %,

p = 0.94). Detailed results of PONV and psychotomimetic

manifestations are displayed in Table 2.

3.2 Subgroup Analyses

Subgroup analyses for the primary outcome are displayed

in Table 3. These subgroups did not influence results.

Fig. 1 Meta-analysis flowchart. RTC randomized controlled trials
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3.3 Trial Sequential Analysis

TSA analysis demonstrated a statistically significant effect

of ketamine on opioid consumption during the first 24

postoperative hours and introducing correction for the

previously published meta-analysis found this result to be

still significant (Fig. 4a).

Given that heterogeneity was taken into account in

computing the MD (Biggerstaff and Tweedie’s method

[21]), results were different from the ones obtained using

the classical approach (MD = -0.04 mg/kg of morphine

consumption during the first 24 postoperative hours [-0.06

to -0.01]). Trial sequential monitoring boundaries indi-

cated the possible benefit of including more trials to con-

firm this result (Fig. 4b). The current meta-analysis was

found to be underpowered to confirm the effect of ketamine

on opioid consumption when analyzed for informative size

using the O’Brien-Fleming approach (number of patients to

be included in the meta-analysis in order to reach the

desired level of significance, Fig. 4b). In order to reach

80 % power with an adjusted alpha risk of 5 % and with an

MD of morphine consumption of 0.03 mg/kg (determined

according to actual data) during the first 24 postoperative

hours, 445 patients would be required, whereas only 257

patients were analyzed in this meta-analysis for the primary

outcome (Fig. 2b).

3.4 Study Bias Analyses

Analyses for bias found a low or undetermined probability

of bias across all studies included in this meta-analysis [1].

As a result, no subgroup analyses for bias effect were

performed.

3.5 Publication Bias

Given that all outcomes included fewer than 10 studies,

publication bias could not be assessed.

4 Discussion

The main finding of this meta-analysis can be summarized

as follows: using either the classical or the TSA approach,

ketamine did not exhibit an opioid-sparing effect during the

first 24 postoperative hours. Even when performing sub-

group analyses according to the timing of administration,

the surgery performed, or the co-administration of non-

opioid analgesics, results remained negative. Ketamine did

not increase the incidence of PONV (or in PACU either

during the first 24 postoperative hours) or the incidence of

psychotomimetic manifestations.

Using the classical approach, and despite the addition of

four studies to reach a total of eleven, overall results

resemble those previously published in 2010 [9]. Ketamine

was shown to be ineffective in decreasing postoperative

opioid consumption. From a theoretical point of view, the

absence of a morphine-sparing effect may be explained by

the pharmacokinetics and pharmacodynamics of this

compound in children. Previous studies have found altered

ketamine pharmacokinetics in children in comparison with

adults. For comparable ketamine infusion rates, the con-

text-sensitive half-time in children (10 kg) was 30 min at

1 h and 55 min at 5 h, whilst in adults the context-sensitive

half-time was 23 min at 1 h and 83 min at5 h [33]).

Children also appear to be less sensitive to ketamine than

adults; published wakening ketamine concentrations in

children are 0.9–3.8 mg L-1 and in adults 0.5 mg L-1

[34, 35]). It is also of note that a wide variety of ketamine

doses were employed with ranges of 4.79 for boluses

(0.15–0.7 mg/kg), 3.19 for intraoperative infusions

(0.08–0.25 mg/kg/h), and 12.59 for postoperative keta-

mine infusions (0.08–1 mg/kg/h). As such, insufficient

dosage may also be a factor in negative and clinically

irrelevant results.

Another hypothesis was that the opioid-sparing effects

of other analgesics such as paracetamol, NSAIDs or dex-

amethasone could blunt the opioid-sparing effect of keta-

mine. However, subgroup analyses did not demonstrate any

opioid-sparing effect of ketamine either when selecting for

major surgery (scoliosis correction) or studies in which no

non-opioid analgesics were administered. Finally, the

negative overall result for reduction in opioid consumption

may purely be due to the lack of power of this meta-

analysis [10]. This hypothesis was bolstered by TSA results

indicating that the information size has not been reached

and an additional 241 patients are required from future

trials in order to reach adequate size (445 patients) for

80 % power and an expected MD of 0.04 mg/kg of

bFig. 2 Forest plot of meta-analysis of the effects of intravenous (IV)

ketamine on postoperative morphine consumption in the postopera-

tive acute care unit (2 h) (a), in the 24 postoperative hours (b), and in

the 48 postoperative hours (c). The square in front of each study (first

author and year of publication) is the mean difference (MD) for

individual trials, and the corresponding horizontal line is the 95 %

confidence interval (CI). The diamond at the bottom of the figure is

the pooled MD with the 95 % CI. *, **Studies with more than one

intervention group were named ‘Author, year of publication_1’ and

‘Author, year of publication_2’. Assessment of bias: green circle low

risk of bias, uncolored circle undetermined bias, red circle high risk

of bias. SD standard deviation

Opioid-Sparing Effect of Ketamine in Children 427



Fig. 3 Forest plot of meta-analysis of the effects of intravenous (IV)

ketamine on postoperative pain intensity (postoperative pain scores)

in the postoperative acute care unit (2 h) (a), in the 24 postoperative

hours (b), and in the 48 postoperative hours (c). The square in front of
each study (first author and year of publication) is the standard mean

difference (SMD) for individual trials, and the corresponding

horizontal line is the 95 % confidence interval (CI). The diamond at

the bottom of the figure is the pooled SMD with the 95 % CI.

*, **Studies with more than one intervention group were named

‘Author, year of publication_1’ and ‘Author, year of publication_2’.

Assessment of bias: green circle low risk of bias, uncolored circle

undetermined bias, red circle high risk of bias. SD standard deviation
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cumulative morphine reduction over 24 h. As a reminder,

the primary outcome of this meta-analysis was computed

on 257 patients (Fig. 2b). Consequently, any future trial

should consider including at least 188 patients with an

expected reduction of morphine consumption of 0.04 mg/

kg over the first 24 postoperative hours.

Concerning the PONV outcome, results found that

ketamine was not associated with an increased occurrence

of this complication. However, this outcome was neither

the primary outcome of the current meta-analysis nor the

primary outcome of individual trials; consequently, this

result must be interpreted cautiously because of the prob-

able lack of power to detect it. In addition, the occurrence

of PONV is known to depend upon many other factors

such as anesthetics and opioids administered (opioids,

N2O), patient characteristics (female) or surgery factors

(surgery performed, duration of surgery). Consequently,

further studies are also needed to confirm this result and

explore potential confounding factors.

From a practical point of view, data are still lacking to

form a definitive conclusion about the anti-hyperalgesic

and opioid-sparing effect of ketamine in children. In

addition, according to the TSA, performing more studies

would provide a statistical result consisting of a reduction

of morphine consumption by 0.04 mg/kg over 24 h. By

comparison in adults, previous meta-analyses have shown

ketamine to decrease 24-h postoperative opioid consump-

tion by a mean of 16 mg, or 0.23 mg/kg for a presumed

mean weight of 70 kg [36, 37]. Consequently, planning

more studies must take into account this expected opioid-

sparing effect (0.04 mg/kg decrease in morphine con-

sumption over the first 24 postoperative hours) and the

possible increase of ketamine adverse effects (especially

PONV).

This meta-analysis suffers some limitations. Only 11

trials were included and only four new trials since the

previous meta-analysis was performed in 2010. Con-

sequently, analysis of the primary outcome still exhi-

bits insufficient power to form a conclusion about the

primary outcome. In addition, publication bias could

not be explored because all outcomes included fewer

than 10 studies. Second, results were heterogeneous

concerning dose and duration of ketamine administra-

tion (postoperative infusion or not). This latter limi-

tation is strongly supported by subgroup analysis

results demonstrating more homogenous results when

including trials involving intraoperative ketamine

administration or postoperative non-opioid agent

administration.

In conclusion, this meta-analysis found the absence of a

clinically relevant ketamine opioid-sparing effect during

the perioperative period. However, the heterogeneous

results concerning this endpoint and the evident lack ofT
a
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power of statistics did not allow any conclusion about the

primary outcome of this meta-analysis. This study also

illustrated the benefit of using TSA as a complement to the

classical approach when performing meta-analysis: further

studies including at least 188 patients would be informative

for a future meta-analysis and might allow a conclusion to

be made about the opioid-sparing effect of ketamine in

pediatrics.
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