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Animal studies on ketamine and opioid tolerance have
shown promising results. Clinical trials have been con-
tradictory. We performed a systematic review of ran-
domized, double-blind clinical trials of ketamine added
to opioid analgesia. Thirty-seven trials with 51 treat-
ment arms and 2385 patients were included. Studies
were divided into 5 subgroups: IV ketamine as single
dose (n � 11), continuous infusion (n � 11), patient-
controlled analgesia (PCA) (n � 6), epidural ketamine
with opioids (n � 8), and studies in children (n � 4).
Outcome measures included pain scores, time to first
request for analgesia, supplemental analgesics, and ad-
verse events. Efficacy was estimated by statistical sig-
nificance (P � 0.05) of outcome measures as reported in

studies and also by calculation of weighted mean differ-
ence for pain scores during the first 24 h after surgery.
As compared to morphine alone, IV PCA with ket-
amine and morphine did not improve analgesia. Intra-
venous infusion of ketamine decreased IV and epidural
opioid requirements in 6 of 11 studies. A single bolus
dose of ketamine decreased opioid requirements in 7 of
11 studies. Five of 8 trials with epidural ketamine
showed beneficial effects. Adverse effects were not in-
creased with small dose ketamine. We conclude that
small dose ketamine is a safe and useful adjuvant to
standard practice opioid-analgesia.

(Anesth Analg 2004;99:482–95)

K etamine is an IV anesthetic with analgesic prop-
erties in subanesthetic doses (1–5). Interest in the
analgesic properties of small-dose ketamine has

prompted clinical trials comparing opioids and ket-
amine. The results of these trials have shown that
analgesia produced by ketamine alone was not equiv-
alent to that produced by opioid analgesics (6–9).
However, recognition of its actions on N-methyl-d-
aspartate (NMDA) receptors renewed clinical interest
in ketamine as a perioperative analgesic. Strong pain
stimuli activate NMDA receptors and produce hyper-
excitability of dorsal root neurons. This induces cen-
tral sensitization, wind-up phenomenon, and pain
memory. Ketamine, a noncompetitive antagonist of
NMDA receptors, can prevent the induction of central
sensitization caused by stimulation of peripheral no-
ciception as well as blocking the wind-up phenome-
non (10). It has also been reported that � receptor

activation by opioids leads to a sustained increase in
glutamate synaptic effectiveness at the level of NMDA
receptors. Opioids when used alone in large doses for
a prolonged period induce tolerance, which may lead
to increased postoperative pain (11). Ketamine, by
blocking these NMDA receptors, can prevent the de-
velopment of tolerance. This has been studied exten-
sively in animals and consistently produced positive
results (12–15). This concept was the basis for multiple
clinical trials involving ketamine as an adjuvant to
opioids and multimodal analgesia. Contrary to the
experimental evidence, clinical trials in humans have
shown mixed results. We performed a qualitative and
quantitative systematic review of randomized,
double-blind clinical trials of ketamine added to opi-
oid analgesia to provide a reasonable answer to this
controversy.

Methods
Reports of randomized double-blind clinical trials of
ketamine added to opioid analgesia for postoperative
pain relief were sought systematically using the Co-
chrane Library 2003 (www.cochrane.org) and MED-
LINE (1966–2003) (www.ncbi.nlm.nih.gov/pubmed)
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databases without language restriction. Abstracts, let-
ters of correspondence, and unpublished observations
were not considered for the review.

The following search terms were used: ketamine,
morphine, fentanyl, alfentanil, sufentanil, remifen-
tanil, ketamine with morphine, ketamine with opioid,
ketamine and morphine, postoperative analgesia,
postoperative pain relief, postoperative pain, opioid
tolerance, and multimodal analgesia. Lists of refer-
ences of individual articles and review articles were
also searched for additional relevant articles. Authors
were contacted for the missing information on meth-
ods such as randomization and blinding or for original
data such as pain scores if necessary.

Two authors read all selected articles independently
and consensus was subsequently achieved. Studies
were considered for this review if they compared two
groups, one group with opioid analgesia and another
group with ketamine added to opioid analgesia. Type
of opioid administered was noted but studies involv-
ing all opioids (meperidine, morphine, fentanyl, alfen-
tanil, sufentanil, and remifentanil) were considered.
Route (IV, IM, subcutaneous [SC], and epidural) and
dose of opioid should have been similar in both
groups. Route (IV, IM, SC, and epidural), method
(single bolus, infusion, and patient-controlled analge-
sia [PCA]), and timing of administration of opioid and
ketamine (postoperative, preoperative) were noted.

Studies comparing preincisional versus postinci-
sional administration of ketamine alone (16–18) or in
combination with opioids (19–22) were excluded.
Studies comparing “opioids” with “ketamine as a sole
analgesic” were not considered. Studies involving an-
other class of analgesics along with opioids and ket-
amine, if common to both groups (local anesthetics,
nonsteroidal antiinflammatory drugs [NSAIDs],
clonidine, and neostigmine) were noted but not
excluded.

Each report that met the inclusion criteria was
scored using a 3 item, 1–5 score quality scale (23). If
the study was described as randomized, one point was
given and an additional point was given if the method
of randomization was described and considered ade-
quate (e.g., computer-generated, table of random
numbers). For trials described as double-blind, one
point was given. An additional point was given if the
method of blinding was described and considered
adequate. Finally, reports that described the numbers
and reasons for withdrawal were given one point. By
definition, studies without randomization and blind-
ing were excluded. Thus, the minimum score of an
included trial was 2 and maximum score was 5. Trials
with sample size �10 were not considered (24).

The following data were obtained from all included
studies: number of patients, grouping of patients, ASA
physical status, power calculation for sample size,
type of surgery, intraoperative analgesics used, route

(IV, epidural, intrathecal, and oral), dose and method
(bolus, infusion, or PCA device) of administration of
opioid and ketamine, other analgesics used, and du-
ration of observation.

The postoperative analgesia outcome measures
(pain scores, time to first requirement for analgesia
(TFA) and total supplemental analgesic requirement
(TSD)) for the first 24 h were noted for analysis.

The following adverse effects were noted for anal-
ysis: postoperative nausea and vomiting (PONV), se-
dation, respiratory depression, pruritus, and central
nervous system (CNS) side effects (dizziness, disori-
entation, dysphoria, confusion, excessive sedation,
bad dreams, strange feelings, and hallucinations).

Trials were stratified according to the route (epi-
dural, IV) and method (infusion, bolus) of ketamine
administration. Studies on pediatric patients were
considered separately. Visual analog score (VAS,
0–100 mm, 0 � no pain and 100 � maximum pain), as
pain outcome measure, was quantitatively analyzed.
Verbal rating pain score (VRS, 0–100 mm), numeric
rating score, and similar scores were converted to VAS
pain scores (e.g., a 4-point VRS including no, mild,
moderate, and severe pain was converted to 0, 25, 50,
and 75 mm VAS respectively) for analysis. Mean VAS
for each treatment group was determined for each
trial from all available observations within 24 h after
surgery. Quantitative analysis of combined VAS data
from different studies over 24 h was performed using
Review Manger 4.2. (Review Manager, Version 4.2; the
Cochrane collaboration, The Nordic Cochrane center,
Copenhagen, Denmark). Weighted mean difference
(WMD) for VAS between the two treatment groups
was calculated for each study and combined data. The
weight given to each study was determined by the
sample size and standard deviation of VAS scores in
individual trials.

Qualitative evaluation of postoperative analgesic ef-
ficacy was done using significant differences (P � 0.05
as reported in the original articles) in pain scores, TFA,
and TSD between the two groups.

Adverse effects such as CNS side effects, PONV,
pruritus, and respiratory depression were quantita-
tively analyzed after summation of events from all
studies. Relative risk (RR) was considered statistically
significant when the 95% confidence interval (CI) did
not include 1.

Results
Thirty-seven trials with 51 treatment arms were in-
cluded for analysis (Tables 1–6). A total of 2385 pa-
tients were studied, of whom 1336 received ketamine.
Intravenous ketamine was administered as a bolus in
11, as an infusion in 11, and as IV PCA in 6 clinical
trials. Epidural ketamine was studied as an adjuvant
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to epidural opioids in 8 trials. Twenty trials reported
improvement in analgesia with the addition of ket-
amine to opioids whereas 17 trials did not find signif-
icant clinical benefit. Average quality score was 4.1 for

both negative and positive clinical trials. No signifi-
cant correlation was detected between the timing of
ketamine administration and its analgesic efficacy.
Ketamine was given before incision in 52% of the

Table 1. Intravenous Patient-Controlled Analgesia With Ketamine and Morphine

Clinical trial
Quality
Score

Number of
patients
(C/K)

Morphine:
Ketamine in

IV PCA
(mg/mL) Surgery Pain scores

PCA
Morphine

Used Side Effects

Reeves et al.
2001 (28)

5 35/36 1:1 Major Upper
abdominal

NS NS Relative risk for vivid
dreams 1.8 in ketamine
group

Hercock et al.
1999 (29)

4 25/24 1:1 Lower abdominal
Hysterectomy

NS NS Less sleepiness and fewer
antiemetics in ketamine
group (P � 0.05)

Murdoch et al.
2002 (30)

4 19/21 1:0.75 Lower abdominal
Hysterectomy

NS NS Pruritus less in ketamine
group (P � 0.05)

Burstal et al.
2001 (31)

5 33/37 1:2 Lower abdominal
Hysterectomy

NS NS More side effects in
ketamine group (P � 0.05)

Unlugenc et al.
2003 (32)

4 28/30 0.4:1 Major abdominal
surgery

P � 0.001 at 15
and 30 min

NS NS

Javery et al.
1996 (33)

3 20/22 1:1 Lumbar
Microdiscectomy

P � 0.001 P � 0.001 Less nausea, pruritus,
urinary retention in
ketamine group, P � 0.05

C � control (opioids only group); K � ketamine group; IV PCA � intravenous patient-controlled analgesia; NS � no significant difference between the groups;
P values indicate beneficial effects for ketamine group unless otherwise indicated.

Table 2. Intravenous Ketamine as Continuous Infusion with Intravenous Opioids

Clinical trial
Quality
Score

Number of
patients
(C/K)

Dose of
Ketamine

Timing of
ketamine

administration
Type of
Surgery

Pain
Scores TFA TSD Side Effects

Edwards et
al. 1993
(34)

3 10/30,
three
treatment
arms

5, 10, 20 mg/h Intraop &
24 h Postop

Upper
abdominal

NS – NS P � 0.05 for
dreams
more in
ketamine
groups

Stubhaug et
al. 1997
(35)

4 10/10 0.12 mg/kg/h Preop Intraop
& 48 h
Postop

Donor
Nephrectomy

P � 0.05
in First
hour
postop

P � 0.05 P � 0.05
first
4 h
postop

P � 0.05 for
PONV

Adriaenssens
et al. 1999
(36)

3 15/15 0.15 mg/kg/h Postop 48 h Major
abdominal

P � 0.05
in First
hour
postop

– P � 0.05 P � 0.05 for
nausea

Jaksch et al.
2002 (37)

5 15/15 0.12 mg/kg/h Preop &
Intraop &
2 h Postop

Knee
Arthroscopy

NS NS NS NS

Guignard et
al. 2002
(38)

5 25/25 0.12 mg/kg/h Preop &
Intraop

Open
colorectal

P � 0.05
in first
15 min

P � 0.01 P � 0.01 NS

Heinke and
Grimm
1999 (39)

2 13/13 0.6 mg/kg/h Preop &
Intraop

Gynecologic
laparotomy

P � 0.05
for day
2

P � 0.01 NS NS

Guillou et al.
2003 (40)

4 52/41 0.12 mg/kg/h Postop 48 h Major
abdominal
surgery

P � 0.05
at 16,
20, 40,
44 h

– P � 0.05 NS

C � control (opioids only group); K � ketamine group; PCA � patient-controlled analgesia; TFA � time to first request for analgesia; TSD � total
supplemental analgesic requirement; PONV � postoperative nausea and vomiting; Preop � before surgery; Intraop � during surgery; Postop � after surgery;
NS � no significant difference between the groups.

P values indicate beneficial effects for ketamine group unless otherwise indicated.
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positive studies and in 60% of negative studies. Three
studies were not suitable for analysis and were ex-
cluded: in one study, the number of patients was �10
(25), in another, patients in both groups received ket-
amine in the perioperative period (26), and in a third
study, the patients were not randomized (27).

Quantitative analysis was performed on mean VAS
pain scores recorded within 24 h after surgery and for
adverse events (PONV, CNS side effects, pruritus, and
respiratory depression) for ketamine treatment and
controls. Data on analgesic consumption, TFA allowed
a qualitative analysis because of the variety of analge-
sics, doses, and outcome reporting were used. Statis-
tical difference between ketamine treatment and con-
trol regarding these measures was extracted from
original reports and documented (Tables 1–6).

Six trials (28–33) compared IV PCA using the com-
bination of morphine and ketamine with morphine
alone (Table 1). These involved 330 patients, of whom
170 received ketamine with morphine IV PCA. Five
trials noted no significant improvement in analgesia,
with no significant differences in pain scores or total
morphine consumption between the groups (28–32).
Only one trial (33) in lumbar microdiscectomy showed
a clear advantage for adding ketamine with reduction
of pain scores, analgesic supplements, and adverse
effects of opioids. The quality score of this positive
study was 3; whereas the average quality score for
negatively reported trials was 4.4.

Mean resting VAS for the first 24 h was analyzed
with available data from 5 studies. Test for heteroge-
neity was significant, giving a random effects model.
Overall WMD of �5.4 mm (95% CI, �1.26, 0.18) for
VAS at rest was statistically not significant between
the groups (Fig. 1). Three trials had VAS scores �2
(29,31,32). Two negative clinical trials mentioned
power calculation based on VAS scores. VAS during

movement was mentioned in 3 trials (28,29,31). A
WMD for VAS of �2.7 mm (95% CI, �0.98, 0.44) was
not significant.

Adverse effects (dreams, disorientation, dysphoria,
and psychomimetic effects) were increased in ketamine-
treated patients in two studies. Reeves et al. (28) re-
ported RR for vivid dreams and hallucinations of 1.8
and 1.3, respectively, in ketamine-treated patients.
Burstal et al. (31) noted discontinuing PCA in 4 of 37
patients who received ketamine because of dysphoria.
However, CNS side effects analyzed for pooled data
from all studies did not reveal any significant differ-
ences (27 of 146 (18%) in ketamine plus morphine
versus 20 of 135 (15%) in morphine PCA groups (P �
0.31; RR, 1.27; 95% CI, 0.80, 2.01) (Table 7). PONV was
reduced with ketamine in two studies (29,33). Pruritus
was significantly less in patients treated with ket-
amine in two studies (30,33). Respiratory depression
was noted in 2 patients of Reeves et al. (28). One of
them received ketamine. In one study, ketamine-
treated patients were less sleepy (29) whereas other
studies did not show any significant effect of ketamine
on sedation.

Overall, adding ketamine to morphine in IV PCA is
not beneficial in improving the quality of postopera-
tive analgesia, although side effects were not in-
creased by the addition of ketamine.

Seven trials with nine treatment arms were identi-
fied using ketamine as a continuous infusion, in addi-
tion to IV opioids, in the perioperative period (34–40)
(Table 2). Two-hundred-eighty-nine patients were stud-
ied; 149 patients received ketamine infusion. Four
studies (35,36,38,40) reported significantly improved
analgesia with an average quality score of 4. Three
studies (34,37,39) reported no difference with an aver-
age quality score of 3.3.

Table 3. Intravenous Ketamine as Continuous Infusion with Epidural Opioids

Clinical trial
Quality
Score

Number of
patients
(C/K)

Dose/timing of
Ketamine

Opioids
Used Surgery

Pain
scores TSD Side Effects

De Kock et
al. 2001
(41)

5 20/40, two
treatment

arms

0.125 Gp1 &
0.25 Gp2 mg/
kg/h Preop &
intraop

Sufentanil Rectal surgery NS NS NS

Aida et al.
2000 (42)

4 30/31 0.5 mg/kg/h
Preop &
intraop

Morphine Gastrectomy P � 0.05 P � 0.05 –

Ilkjaer et al.
1998 (43)

4 28/24 10 mg/h Preop,
Intraop &
postop

Morphine Nephrectomy NS NS Increased
Sedation with
ketamine

Kararmaz et
al. 2003
(44)

4 20/20 0.5 mg/kg/h
Preop &
Intraop

Morphine Renal surgery P � 0.01 P � 0.01 P � 0.05 for
nausea and
pruritus

C � control (opioids only group); K � ketamine group; TSD � total supplemental analgesic requirement; NS � no significant difference between the groups;
Preop � before surgery; Intraop � during surgery; Postop � after surgery; Gp 1 � Group 1; Gp 2 � Group 2.

P values indicate beneficial effects for ketamine group unless otherwise indicated.
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In a dose response study, Edwards et al. (34) did not
find a significant decrease in pain scores or analgesic
consumption with 5, 10, or 20 mg/h ketamine infu-
sions although adverse events such as dreaming in-
creased with increasing infusion rate.

Stubhaug et al. (35) reported short lasting benefit of
ketamine in the early postoperative period (decreased
VAS for 1 h, longer TFA, and decreased morphine
consumption for 4 h). The main conclusion of their
study was that areas of punctuate hyperalgesia and
numbers of patients with wind-up pain were signifi-
cantly reduced by ketamine infusion. There was no
correlation with the degree of pain or morphine
consumption.

Quantitative analysis of mean VAS at rest for 24 h
was performed with available data from 6 studies and

8 treatment arms. One study did not report actual VAS
scores (38). In another trial (34), 5-point VRS (no pain,
mild, moderate, severe, very severe) was converted to
VAS of 0, 25, 50, 75, and 100 mm respectively. A
random effects model was used because the test for
heterogeneity was significant. WMD for VAS was
�8.2 mm (95% CI, �1.51, �0.14) with beneficial effect
for the ketamine infusion groups (Fig. 2). Two studies
had VAS less than 3 in both groups (37,40). VAS with
movement was reported in two trials, with no signif-
icant differences between the groups (39,40). Power
analysis for reduction of morphine consumption was
performed in 5 of 7 trials.

CNS side effects (diplopia, dreams, dizziness, dys-
phoria) were not significantly increased (P � 0.09)
with IV ketamine infusion (15 of 149 (10%) in

Table 4. Intravenous Ketamine Given as Single Bolus with Intravenous Opioids

Clinical trial
Quality
Score

Number of
patients
(C/K)

Ketamine
Dose/timing

Opioids
Used Type of surgery Pain scores TFA TSD Side Effects

Suzuki et al.
1999 (45)

5 35/105 three
treatment
arms

0.05, 0.075 &
0.1 mg/kg
Postop

Morphine Ambulatory
surgery

P � 0.0001
for 0.075
& 0.1 mg/
kg

– P � 0.05 NS

Menigaux et
al. 2001
(46)

5 25/25 0.15 mg/kg
Preop

Alfentanil Arthroscopic
Menisectomy

P � 0.05 – P � 0.05 NS

Menigaux et
al. 2000
(47)

5 15/30 two
treatment
arms

0.15 mg/kg
Preop-Gp1,
Postop-Gp2

Sufentanil Anterior cruciate
ligament repair

NS P � 0.05 P � 0.05 NS

Roytblat et
al. 1993
(48)

3 11/11 0.15 mg/kg
Preop

Fentanyl Open
Cholecystectomy

P � 0.05 in
First 5 h

P � 0.05 P � 0.05 NS

Dahl et al.
2000 (49)

4 29/33 (pre) &
27 (post)
two
treatment
arms

0.4 mg/kg
Preop-Gp1,
Postop-Gp2

Alfentanil Abdominal
Hysterectomy

P � 0.05 in
First 6 h
(Gp2)

– – NS

Weinbroum
2003 (50)

4 114/131 0.25–0.75 mg/
kg postop

Fentanyl
intraop/
Morphine
Postop

Abdominal,
Transthoracic
lung biopsy,
Orthopedic

P � 0.001 NA P � 0.001 Less PONV &
more
central side
effects in
ketamine

Kudoh et al.
2002 (51)

3 35/35 1 mg/kg preop Fentanyl Orthopedic P � 0.05 at
8 and 16 h

– – NS

Mathisen et
al. 1999
(52)

4 20/40 two
treatment
arms

1 mg/kg Preop-
Gp1, Postop-
Gp2

Alfentanil,
Fentanyl

Laparoscopic
Cholecystectomy

P � 0.05 at
30 min
Gp2

– NS NS

Heinke and
Grimm
1999 (39)

2 13/13 0.5 mg/kg in
Postop

Alfentanil Gynecological
laparotomy

P � 0.05 on
day 2

P � 0.05 NS NS

Lehmann
and
Klaschik
2001 (53)

4 40/40 0.15 mg/kg
Preop

Fentanyl Laparoscopic or
proctological
surgery

NS NS NS NS

Xie et al.
2003 (54)

5 14/14 0.5 mg/kg
Preop

Fentanyl Selective
Gastrectomy

P � 0.05 P � 0.05 P � 0.05 NS

C � control (opioids only group); K � ketamine group; TFA � time to first request for analgesia; TSD � total supplemental analgesic requirement; NS � no
significant difference between the groups, Preop � before surgery; Intraop � during surgery; Postop � after surgery; Gp1 � Group 1; Gp2 � Group 2; PONV �
postoperative nausea and vomiting.

P values indicate beneficial effects for ketamine group unless otherwise indicated.
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Table 5. Epidural Ketamine with Epidural Opioids

Clinical trial
Quality

score
Numbers

(C/K)

Dose &
timing of
Ketamine

Opioids
Used

Type of
surgery

Pain
scores TFA TSD Side effects

Tan et al.
1999 (55)

3 30/30 PCEA basal
rate 1 mL/
h (0.5 mg/
mL)

Morphine Lower
abdominal
hysterectomy/
colectomy)

P � 0.05
First
3 h

– P � 0.05 NS

Chia et al.
1998 (56)

4 46/45 PCEA basal
rate
2.5 mL/h
(0.4 mg/
mL)

Morphine Upper
abdominal

P � 0.05 – P � 0.05 NS

De Kock et
al. 2001
(41)

5 20/40 two
treatment
arms

Intraop
infusion
0.125 &
0.25 mg/
kg/h

Sufentanil Rectal surgery NS – NS NS

Subramaniam
et al. 2001
(57)

4 24/26 Preop bolus
1 mg/kg

Morphine Upper
abdominal

– P � 0.05 NS NS

Subramaniam
et al. 2001
(58)

4 20/20 Postop bolus
1 mg/kg

Morphine Upper
abdominal

– P � 0.05 P � 0.05 Increased
Sedation in
ketamine

Taura et al.
2003 (59)

5 50/54 Postop bolus
20/30 mg

Morphine Hepatectomy P � 0.05 P � 0.05 P � 0.05 NS

Santawat et
al. 2002
(60)

4 40/40, two
treatment
arms

30 mg Preop
& postop
bolus
groups

Morphine Gynecology NS NS NS NS

Xie et al. 2003
(54)

5 14/14 0.5 mg/kg
Preop
bolus

Fentanyl,
PCEA
morphine

Selective
Gastrectomy

P � 0.05 P � 0.05 P � 0.05 NS

C � control (opioids only group); K � ketamine group; PCEA � patient-controlled epidural analgesia; TFA � time to first request for analgesia; TSD � total
supplemental analgesic requirement; NS � no significant difference between the groups; Preop � before surgery; Intraop � during surgery; Postop � after
surgery.

P values indicate beneficial effects for ketamine group unless otherwise indicated.

Table 6. Ketamine as Adjuvant to Opioids in Children

Clinical trial
Quality

score
Number

(C/K)
Dose & timing

of Ketamine
Opioids

Used
Type of
surgery

Pain
scores TFA TSD Side effects

Ozbek et al.
2002 (61)

4 35/36 0.5 mg/kg
Preop bolus
caudal

Alfentanil Hypospadias
Repair

NS P � 0.001 P � 0.001 NS

Elhakim et
al. 2003
(62)

5 25/25 0.1 mg/kg
Preop IM

Fentanyl Tonsillectomy P � 0.05 P � 0.01 P � 0.05 NS

O’Flaherty
and Lim
2003 (63)

4 20/18 0.15 mg/kg at
Preop IV

Fentanyl Tonsillectomy NS – NS NS

Dix et al.
2003 (64)

5 23/50, two
treatment
arms

Gp 1 � 0.5 mg/
kg IV Preop
Gp 2 �
0.5 mg/kg IV
Preop & 4
�g/kg/min
IV Postop

Fentanyl Appendicectomy NS – NS More in
Gp 2 (P
� 0.05)

C � control (opioids only group); K � ketamine group; PCEA � patient-controlled epidural analgesia; TFA � time to first request for analgesia; TSD � total
supplemental analgesic requirement; NS � no significant difference between the groups; Preop � before surgery; Postop � after surgery; IV � intravenous; IM �
intramuscular; Gp 1 � Group 1; Gp 2 � group 2.

P values indicate beneficial effects for ketamine group unless otherwise indicated.
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ketamine-treated patients versus 9 of 140 (6.4%) in
patients treated with only opioids (RR, 1.31; 95% CI,
0.57, 3.00) (Table 7). Five of the 15 patients who expe-
rienced dreams received the most rapid infusion rate
(20 mg/h) of ketamine in Edwards et al. ’s study (34).

PONV data were available in 5 trials (Table 8).
Combining the data from these studies, no significant
differences were found between the groups, though
there was a trend towards less PONV in ketamine-
treated patients (15 of 106 [14%] versus 27 of 117 [23%]

in patients who received opioids only; RR, 0.58; 95%
CI, 0.33, 1.02; P � 0.06).

One patient in the ketamine group and two patients
in the control group developed pruritus (37,40). Hy-
poventilation and respiratory depression were re-
ported in 3 patients each in ketamine and control
groups from 2 studies (34,40). Guignard et al. (38),
found increased sedation for 15 min in the immediate
postoperative period and Heinke and Grimm (39) re-
ported longer time to orientation in ketamine group

Table 7. Incidence of Central Nervous System Side Effects

Study
Ketamine � opioid

group
Opioid only

group
RR (95% CI),

fixed effects model

IV PCA ketamine with morphine
Reeves et al. (28) 22/36 13/35 1.65 (0.99–2.72)
Murdoch et al. (30) 0/21 4/19 1.29 (0.80–2.01)
Burstal et al. (31) 4/37 0/33 8.05 (0.45–144.15)
Unlugenc et al. (32) 0/30 0/28
Javery et al. (33) 1/22 3/20 0.30 (0.03–2.68)

Overall 27/146 20/135 1.27 (0.80–2.01)
IV ketamine continuous infusion

Edwards et al. (34) 7/30 0/10 5.32 (0.33–85.70)
Stubhaug et al. (35) 1/10 2/10 0.50 (0.05–4.67)
Adriaenssens et al. (36) 3/15 3/15 1.00 (0.24–4.18)
Jaksch et al. (37) 1/15 1/15 1.00 (0.07–14.55)
Guignard et al. (38) 0/25 0/25
Heinke and Grimm (39) 0/13 0/13
Guillou et al. (40) 3/41 3/52 1.27 (0.27–5.96)

Overall 15/149 9/140 1.31 (0.57–3.00)
IV ketamine, Single bolus

Suzuki et al. (45) 17/105 3/35 1.89 (0.59–6.06)
Menigaux et al. (46) 2/25 1/25 2.00 (0.19–20.67)
Menigaux et al. (47) 0/30 0/15
Roytblat et al. (48) 0/11 0/11
Weinbroum (50) 10/131 0/114 18.30 (1.08–308.79)
Kudoh et al. (51) 5/35 8/35 0.63 (0.23–1.72)
Mathisen et al. (52) 0/40 0/20
Heinke and Grimm (39) 1/13 0/13 3.00 (0.13–67.51)
Lehmann et al. (53) 3/40 4/40 0.75 (0.18–3.14)
Xie et al. (54) 0/14 0/14

Overall 38/444 16/322 1.61 (0.91–2.83)
Epidural ketamine (8 studies) 2/269 0/244 2.13 (0.22–21.15)

Values are number of patients with side effects/number of patients in the study.
RR � relative risk; CI � confidence interval; IV PCA � intravenous patient-controlled analgesia.

Figure 1. Intravenous patient-controlled
analgesia with morphine in patient-
controlled analgesia (visual analog scale
at rest). WMD � weighted mean differ-
ence; CI � confidence interval).
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patients whereas others did not find any significant
increase in sedation with ketamine.

Intravenous ketamine infusion was given in combi-
nation with epidural opioids in 4 studies (41–44) with
5 treatment arms (Table 3). A total of 213 patients were
studied; 115 received ketamine. Two studies noted
significant reductions in VAS and postoperative opi-
oid consumption (42,44). Wound hyperalgesia was
studied in two studies (41,43); one reported decreased

areas of hyperalgesia (41). The same study also re-
ported decreased residual pain and decreased need
for chronic medications at 2 wk, 1 and 6 mo, and 1 yr.
Side effects were reported in three studies (41,43,44).
CNS side effects (psychomimetic effects such as hal-
lucinations, diplopia, dreams) were noted in 10.7% (9
of 84) of patients in the ketamine group and 4.4% (3 of
68) in control patients (P � 0.25). Kararmaz et al. (44)
noted significant reduction in the incidence of nausea

Figure 2. Intravenous ketamine infusion
with intravenous opioids (visual analog
scale at rest). WMD � weighted mean
difference; CI � confidence interval).

Table 8. Incidence of Postoperative Nausea and Vomiting

Study
Ketamine � opioid

group
Opioid only

group RR (95% CI)

IV ketamine continuous infusion
Stubhaug et al. (35) 0/10 6/10 0.08 (0.00–1.21)
Adriaenssens et al. (36) 2/15 8/15 0.25 (0.06–0.99)
Jaksch et al. (37) 7/15 4/15 1.75 (0.64–4.75)
Guignard et al. (38) 4/25 5/25 0.80 (0.24–2.64)
Guillou et al. (40) 2/41 4/52 0.63 (0.12–3.29)

Overall 15/106 27/117 0.58 (0.33–1.02)
IV ketamine, Single bolus

Suzuki et al. (45) 28/105 9/35 1.04 (0.54–1.98)
Menigaux et al. (47) 3/30 3/15 0.50 (0.11–2.19)
Roytblat et al. (48) 3/11 4/11 0.75 (0.22–2.60)
Weinbroum (50) 16/131 42/114 0.33 (0.20–0.56)
Lehmann et al. (53) 15/40 13/40 1.15 (0.63–2.10)
Xie et al. (54) 2/14 3/14 0.67 (0.13–3.40)

Overall 74/391 75/258 0.76 (0.44–1.32)
Epidural ketamine

Tan et al. (55) 12/30 19/30 0.63 (0.38–1.06)
Chia et al. (56) 1/45 3/46 0.34 (0.04–3.15)
Subramaniam et al. (57) 11/26 11/24 0.92 (0.49–1.72)
Subramaniam et al. (58) 3/20 3/20 1.00 (0.23–4.37)
Taura et al. (59) 9/54 6/50 1.39 (0.53–3.62)
Santawat et al. pre* (60) 17/20 16/20 1.06 (0.80–1.41)
Santawat et al. post* (60) 17/20 15/20 1.13 (0.83–1.55)
Xie et al. (54) 0/14

Overall 70/229 76/224 0.90 (0.73–1.12)

Values are number of patients with postoperative nausea and vomiting/number of patients in the study.
RR � relative risk; CI � confidence interval.
* Santawat et al. (60) had 2 treatment arms: preincisional and postincisional.
In calculating relative risk and 95% CI, the fixed effects model was used for the IV ketamine continuous infusion and epidural ketamine studies; the random

effects model was used for the IV ketamine, single bolus studies.
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and itching with the addition of ketamine whereas
others did not find any significant difference. Sedation
was increased in two studies with ketamine infusion
(43,44). In conclusion, of the 4 studies, 2 studies re-
ported beneficial effects of ketamine in acute postop-
erative pain (42,44) whereas another reported de-
creased wound hyperalgesia and chronic residual
pain (41). Ilkjaer et al. (43) administered epidural mor-
phine in combination with IV ketamine only during
the second 24 h after surgery when the intensity of
pain had decreased, thus reducing the significance of
their negative findings.

Overall, continuous IV ketamine infusion produced
promising results in 6 of 11 clinical trials in improving
perioperative opioid analgesia. The incidence of ad-
verse effects was not increased by the addition of
ketamine.

Ketamine was administered as a single IV bolus
with IV opioids in 11 clinical trials (45–54) (Table 4).
Sixteen treatment arms with 855 patients were found;
504 patients received ketamine. Seven trials with an
average quality score of 4.3 reported a positive influ-
ence of adding ketamine on postoperative analgesia
(45–48,50,51,54). Four clinical trials with an average
quality score of 3.5 reported no significant effect of
adding ketamine (39,49,52,53). Two positive trials
(46,47) and one negative trial (52) mentioned power
calculations. Three positive reports (46,48,54) and 2
negative reports (52,53) had mean VAS �3.

Of the 11 trials, 8 (45,46,48–52, 54) reported im-
proved VAS scores at some time. Quantitative analysis
of VAS at rest over 24 h was performed using a
random effect model (test of heterogeneity was signif-
icant). The data from all clinical trials (n � 11) with 16
treatment arms were considered for analysis. WMD of
�8.5 mm (CI 95%, �1.25, �0.44) was obtained in favor

of ketamine coadministration (Fig. 3). VAS with move-
ment was mentioned in 4 treatment arms in 3 trials.
Fixed effects model was used as P value for heteroge-
neity � 0.32. WMD of �6.2 mm (95% CI, �0.83, �0.41)
was obtained in favor of ketamine groups.

Suzuki et al. (45) in a dose response study, used
3 doses of ketamine (50, 75, and 100 �g/kg), in addi-
tion to morphine, for outpatient surgery. Patients were
followed through phase 2 recovery. They concluded
that ketamine doses of 75 and 100 �g/kg significantly
decreased VAS and supplemental analgesic adminis-
tration in the postanesthesia care unit.

TFA was reported in 5 clinical trials and was
significantly prolonged with ketamine in 4 trials.
TSD were reported in 9 trials and were significantly
decreased in 6.

Nine percent (38 of 444) of ketamine patients expe-
rienced CNS side effects (strange sensation, light-
headedness, dreams, sleep difficulties, and confusion)
compared with 5% (16 of 322) of control group pa-
tients; this difference was not statistically significant,
(P � 0.10; RR, 1.61; 95% CI, 0.91, 2.83) (Table 7).

Analysis of combined data on the incidence of
PONV revealed that there was a trend towards less
PONV in ketamine-treated patients compared with
patients who received opioids alone (74 of 416 [18%]
versus 75 of 283 [27%] control patients, P � 0.33; RR,
0.76; 95% CI, 0.44, 1.32). Test for heterogeneity was
significant (P � 0.02) giving a random effects model
(Table 8).

None of the patients in either group developed re-
spiratory depression or pruritus. Two studies (39,52)
found increased time to eye opening and orientation
and one study (50) found increased wakefulness with
ketamine. Other trials did not find any significant
difference in sedation between the groups.

Figure 3. Intravenous ketamine single
bolus with intravenous opioids (visual
analog scale at rest). WMD � weighted
mean difference; CI � confidence interval).
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Overall, a single dose of IV ketamine improved
postoperative analgesia with opioids. Side effects
were not increased by a single bolus IV ketamine.

There were 8 clinical trials (41,54–60) with 10 treat-
ment arms involving epidural ketamine (Table 5). Ma-
jor intrathoracic and abdominal surgeries were chosen
in all 8 trials. A total of 513 patients were studied; 269
patients received ketamine. Five studies reported a
positive outcome with ketamine (54–56,58,59). The
average quality score of positive trials was 4.2. One
study reported a statistically significant prolongation
in TFA but concluded that this was of no clinical
relevance (57). Two studies reported no improvement
of analgesia with the addition of ketamine (41,60). The
average quality score of the negative trials was 4.3.
Preincisional and postincisional epidural ketamine
were administered in 2 studies, each as a single bolus,
as an adjuvant to epidural morphine (54,57–59). San-
tawat et al. (60) studied the analgesic efficacy of add-
ing epidural ketamine with both preincisional and
postincisional morphine (2 treatment arms). Patient-
controlled epidural analgesia (PCEA) with morphine
and ketamine was studied in two clinical trials (55,56).
De Kock et al. (41), studied ketamine as part of a
balanced multimodal analgesic regimen (epidural
sufentanil, bupivacaine, epinephrine, and clonidine
with IV alfentanil as a rescue analgesic). Ketamine was
administered epidurally as a bolus followed by con-
tinuous infusion in two different doses (2 treatment
arms) in their study.

Sample size justification was stated in only 2 trials.
Six trials reported VAS scores; 4 noted significant de-
creases in VAS with the addition of ketamine (54–
56,59). Four studies noted significant increases in TFA
with the addition of ketamine. Supplemental analgesic
requirements were reported in all 8 clinical trials; 5
found significant reductions in analgesic requirements.

Quantitative analysis of VAS at rest and with
coughing was performed with available data from 7
treatment arms. Because the test for heterogeneity was
significant, a random effect model was used. WMD of

�7.1 mm (95% CI, �1.01, �0.40) for mean VAS at rest
in favor of ketamine group was obtained (Fig. 4). Five
treatment arms had VAS less than 3 (42,54,55,59).
WMD for VAS with movement was not significant
between the groups (Fig. 5).

Psychomimetic effects were seen in 2 of 269 patients
treated with ketamine compared with none of 244 pa-
tients who did not receive epidural ketamine (Table 7).

The incidence of PONV was similar in both groups
(70 of 229 [31%] with ketamine versus 76 of 224 [34%]
in the control group, P � 0.36; RR, 0.90; 95% CI, 0.73,
1.12) (Table 8).

Four studies with five treatment arms reported pru-
ritus. The incidence of pruritus from pooled data was
40.5% (47 of 116) in patients who received ketamine
with opioid and 45.6% (52 of 114) of the opioid only
group patients (P � 0.51). One patient in Santawat et
al. ’s study (60) developed respiratory depression in
the morphine plus ketamine preincisional group. One
clinical trial (58) noticed increased sedation in ket-
amine group patients whereas others did not find any
significant difference in sedation between the groups

In conclusion, epidural ketamine added to various
opioid-based perioperative epidural analgesic regi-
mens improved analgesia in 5 of 8 clinical trials with
no increase in PONV or ketamine-related psychomi-
metic side effects.

Four clinical trials (61–64) with 5 treatment arms eval-
uated ketamine as adjuvant analgesic to opioids in chil-
dren (Table 6). Two-hundred-thirty-two children were
studied; 129 received ketamine. The route of ketamine
administration varied, with IV ketamine given in 2 stud-
ies (63,64) and caudal (61) and IM ketamine (62) in one
each. Two studies reported positive outcomes on post-
operative analgesia (61,62) and 2 other studies reported
no improvement in analgesia (63,64). The average qual-
ity scores of both positive and negative trials were 4.5.
One positive trial and one negative trial mentioned
power calculations. Different pain scales were used in
each study, precluding quantitative analysis. Side effects
were not increased by ketamine given as single bolus.

Figure 4. Epidural ketamine with epi-
dural opioids (visual analog scale at
rest). WMD � weighted mean differ-
ence; CI � confidence interval).
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Intravenous ketamine continuous infusion was associ-
ated with increased CNS side effects in one study (63).
No conclusions can be drawn regarding the use of ket-
amine as adjuvant analgesic in children.

Discussion
In this systematic review, we sought to analyze clini-
cal trials on the efficacy and safety of adding small
dose ketamine to perioperative opioid-based analge-
sia. To demonstrate analgesic efficacy, we used a com-
bined qualitative and quantitative approach for data
from randomized, double-blind clinical trials. Quantita-
tive analysis was possible for VAS scores during the first
24 hours of the postoperative period. This was done to
produce a single estimate of the effect of the intervention
and to help resolve disparities between conflicting stud-
ies. The initial 24 hours was chosen because of the avail-
ability of data for most clinical trials, as well as the fact
that the intensity of pain is maximal during the early
postoperative period. WMD of 8.5, 8.2, and 7.1 mm were
found in favor of ketamine co-analgesia for a single IV
bolus, continuous IV infusion, and epidural ketamine,
respectively. Although these differences are statistically
significant, clinical relevance is minimal for this outcome
measure taken alone.

The limitations of using WMD of VAS as an out-
come measure are as follows: first, some trials did not
report the actual VAS data and others did not report
the dispersion measures needed for analysis. Second,
not all clinical trials reported VAS on movement or
during coughing/deep inspiration to calculate WMD.
Third, VAS alone may not reflect the efficacy of the
intervention because some studies aimed to maintain
VAS less than 3–4 by analgesic supplementation at all
times. In this case, VAS analysis may not show any
difference between groups, but the total dose of sup-
plemental analgesia will reflect the effect of the inter-
vention. Only qualitative analysis was possible for
other analgesic outcome measures such as TFA and
TSD because of the variety of analgesia and doses
used. For this reason, qualitative analysis of VAS and
other outcome measures were combined with quanti-
tative VAS analysis to provide a reasonable answer.

Finally, control patients involved in this review were
already receiving standard practice analgesia and
were not deprived of pain medications, unlike meta-
analysis of pain interventions compared with placebo.
Thus, WMD of VAS was not able to detect a major
difference between groups in this review.

Studies were divided into 5 subgroups based on the
route and method of ketamine administration (IV ket-
amine as a single bolus dose, IV ketamine as a contin-
uous infusion with IV and epidural opioids, IV ket-
amine with opioid in PCA, epidural ketamine with
epidural opioids, and studies in pediatric population).

A significant number of clinical trials (17 of 38, 45%)
demonstrated no benefit of adding ketamine to the
existing standard practice opioid analgesia. This can
be explained by the nature of surgical procedure, the
degree of postoperative pain and the method of ket-
amine administration. In surgical procedures such as
appendicectomy (64), tonsillectomy (63), laparoscopic
surgery (52,53), and knee arthroscopy (36), standard
practices with opioids, NSAIDs, and local anesthetic
infiltration can provide adequate pain relief, so adding
ketamine may not provide any additional benefit. Ket-
amine should be considered when postoperative pain
requires large doses of opioids, such as major abdom-
inal and thoracic surgery. Weinbroum (50) evaluated
the role of ketamine in morphine-resistant pain. Pa-
tients were selected in the recovery room after mor-
phine was given in adequate doses, but pain was still
not controlled. The beneficial opioid-sparing effect
was shown in these patients with acute opioid toler-
ance. Selection of these “difficult to manage” patients
and a trial of ketamine may be a useful strategy in
postoperative pain management. Another reason for
the negative findings could be the method and dose of
ketamine administration. Among the various methods
of IV ketamine administration, continuous IV infusion
of ketamine seems to be most helpful in major abdom-
inal surgical procedures. In contrast to IV infusion,
adding ketamine to IV PCA opioids was not helpful in
5 of 6 studies. Patients receiving infusions received
relatively larger total doses of ketamine. Maintenance
of steady blood levels with the continuous infusions

Figure 5. Epidural ketamine with epi-
dural opioids (visual analog scale during
movement). WMD � weighted mean
difference; CI � confidence interval).
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(5–10 mg/h) rather than repeated ultra small dose
boluses (1–2 mg) as inpatient-dependent PCA admin-
istration may be important when using ketamine as an
adjuvant with opioid-based analgesic regimens for
postoperative analgesia in abdominal surgery.

Epidural ketamine produced impressive results
whether administered as a single dose or as continu-
ous infusion with PCEA. Ketamine is not approved by
the Food and Drug Administration for epidural use
because of its questionable neurotoxic effects. These
have been attributed to the preservative (chlorbuta-
nol); preservative-free ketamine is not available in the
United States. De Lima et al. (65), in reviewing the
neural toxicity of ketamine, encouraged the continued
study of small doses (in small concentrations) of
preservative-free ketamine through the epidural
route. De Kock et al. (41) and Xie et al. (54) evaluated
the appropriate route for the beneficial effect of ket-
amine as an additive. De Kock et al. used multimodal
continuous epidural analgesia with ketamine, sufen-
tanil, bupivacaine, epinephrine, and clonidine. The
most valuable outcome of this study was the improve-
ment in the area of wound hyperalgesia and chronic
pain with IV ketamine. No difference was detectable
in acute postoperative analgesic outcome measures
between IV and epidural ketamine. They concluded
that the IV route was the choice for ketamine as part of
multimodal epidural analgesia. Aida et al. (42) con-
cluded that using epidural morphine and IV ketamine
as a continuous infusion throughout surgery blocks
the noxious input at segmental and suprasegmental
levels, respectively, and provides effective analgesia
and prevents CNS sensitization in patients undergo-
ing gastrectomy. However, this trial did not include
epidural morphine with epidural ketamine as another
group, as they believed that suprasegmental noxious
inputs could only be blocked by IV ketamine. A study
by Xie et al. (54) compared single doses of IV and
epidural ketamine together with intraoperative IV fen-
tanyl and postoperative PCEA morphine. They found
a prolonged half-life, sustained large plasma concen-
trations, and superior analgesic effects with epidural
ketamine. It remains to be seen whether a single dose
of epidural ketamine can provide superior or compa-
rable analgesia compared with continuous IV ket-
amine infusion with less side effects.

Beneficial effects of preemptive ketamine analgesia
were based on presumed prevention of central sensi-
tization by NMDA receptors (10). However, others
feel that ketamine will be more effective after suffi-
cient nociceptive stimulation has occurred to open the
ligand gated ionic channels of NMDA receptors (66).
In this review, both preincisional and postincisional
administration of ketamine were found to be useful as
adjuvant to opioids in comparable number of trials.

The effect of adding ketamine to opioids or multi-
modal analgesic regimens on wound hyperalgesia

was tested in four clinical trials (31,35,41,43). Wound
hyperalgesia was evaluated by punctuate mapping
with Von Frey hair filaments and pressure pain detec-
tion thresholds. The area of hyperalgesia tested by
Von Frey hair filament was significantly less in ket-
amine groups in 3 trials (31,35,41). The clinical impli-
cation of the area of hyperalgesia is poorly understood
and not well studied. It is an indicator of central
sensitization, and a reduction in the area of hyperal-
gesia could be a measure of the prevention of central
sensitization by ketamine. Interestingly, the reduction
in the area of hyperalgesia was not associated with
improvement in acute postoperative pain outcome
measures in any of the three studies. However,
wind-up pain at 7 days was evaluated by Stubhaug et
al. (35) and was reduced by ketamine. De Kock et al.
(41) evaluated chronic persistent pain by a standard-
ized telephone questionnaire regarding the nature and
duration of pain and the analgesic requirements at 2
wk, 1 mo, 6 mo, and 1 yr after surgery. Patients who
received IV ketamine had significantly reduced long-
term pain. All patients studied by De Kock et al. (46)
had undergone surgery for rectal adenocarcinoma.
Thus, small dose ketamine may have a role in reduc-
ing pathological pain, which is chronic and neuro-
pathic, even without any effect on acute nociceptive
pain. Surgical procedures such as thoracotomy and
amputation are associated with chronic postoperative
neuropathic pain (67–69). These may be the ideal pa-
tient groups for studying the long-term effects of add-
ing ketamine to opioid analgesia.

Cancer patients with chronic opioid intake develop
tolerance and adverse effects. Ketamine has proved to
be a useful adjuvant for the management of pain in
these patients (70–72). However, the usefulness of
ketamine in the management of acute postoperative
pain in chronic opioid-tolerant patients has never been
studied. Patients with chronic opioid intake for pain
commonly undergo back surgery and amputation of
extremities. This is an area of future research where
ketamine may be useful for its opioid-sparing effect.

The incidences of various central nervous system
side effects (dizziness, diplopia, dysphoria, dreams,
hallucinations disorientation, strange sensations, light
headedness, sleep difficulties, and confusion) in
ketamine-treated patients were 18%, 10%, 9%, and
0.7% with IV PCA, IV infusion, IV single dose, and
epidural groups. No significant increase was seen
compared to patients who did not receive ketamine. A
trend toward less PONV was seen in IV ketamine
bolus and infusion group patients. These reductions in
PONV parallel the decreased opioid consumption and
improved analgesia in these groups. Respiratory de-
pression was reported in 9 patients; 5 of them received
ketamine plus opioids. As the incidence of narcotic-
induced respiratory depression is very small, it is dif-
ficult to demonstrate any effect of ketamine. In this
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review, pruritus was reported as a major side effect
(45.6%) of epidural opioids and ketamine did not re-
duce the incidence of pruritus significantly in these
patients.

In conclusion, small dose ketamine has been shown
to be a useful and safe additive to standard practice
opioid analgesia in 54% of studies. Both systemic and
epidural ketamine have shown their beneficial opioid-
sparing effects. Ketamine should be considered as an
additive in the surgical population with large opioid
requirements, such as major abdominal surgery. Intra-
venous ketamine is best used as continuous infusion
in these patients. Adding ketamine to PCA morphine
has not been found to be useful. In minor surgical
procedures, a single dose of ketamine ranging from
0.15–1 mg/kg in addition to opioids may be useful.
Despite ketamine’s opioid-sparing effects, no reduc-
tion in opioid-related side effects such as PONV, pru-
ritus, and respiratory depression could be shown in
this review. Small dose ketamine was not associated
with increased psychomimetic effects such as halluci-
nations or excessive sedation. Future clinical trials
should focus on high-risk groups for opioid-resistant
acute postoperative pain (chronic therapeutic opioid
intake, substance abusers, amputations, and back sur-
geries) and on the influence of small dose ketamine
used for acute postoperative pain on long-term pain
syndromes (postmastectomy, thoracotomy, and phan-
tom pain).
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