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In a randomized, double-blinded study with three par-
allel groups, we assessed the analgesic effect of intraop-
erative ketamine administration in 45 ASA physical sta-
tus I or II patients undergoing elective arthroscopic
anterior ligament repair under general anesthesia. The
patients received either IV ketamine 0.15 mg/kg after
the induction of anesthesia and before surgical incision
and normal saline at the end of surgery (PRE group);
normal saline after the induction of anesthesia and be-
fore surgical incision and IV ketamine at the end of sur-
gery (POST group); or normal saline at the beginning
and the end of surgery (CONT group). Anesthesia was
performed with propofol (2 mg/kg for induction, 60–
200 mg z kg21 z min21 for maintenance), sufentanil
(0.2 mg/kg 10 min after surgical incision, followed by an
infusion of 0.25 mg z kg21 z h21 stopped 30 min before
skin closure), vecuronium (0.1 mg/kg), and 60% N2O in
O2 via a laryngeal mask airway. Postoperative analge-
sia was initially provided with IV morphine in the post-
anesthesia care unit, then with IV patient-controlled
analgesia started before discharge from the postanes-
thesia care unit. Pain scores, morphine consumption,
side effects, and degree of knee flexion were recorded

over 48 h and during the first and second physiother-
apy periods, performed on Days 1 and 2. Patients in the
ketamine groups required significantly less morphine
than those in the CONT group over 48 h postopera-
tively (CONT group 67.7 6 38.3 mg versus PRE group
34.3 6 23.2 mg and POST group 29.5 6 21.5 mg; P ,
0.01). Better first knee flexion (CONT group 35 6 10°
versus PRE group 46 6 12° and POST group 47 6 13°;
P , 0.05) and lower morphine consumption (CONT
group 3.8 6 1.7 mg versus PRE group 1.2 6 0.4 mg and
POST group 1.4 6 0.4 mg; P , 0.05) were noted at first
knee mobilization. No differences were seen between
the PRE and POST groups, except for an increase in
morphine demand in the PRE versus the POST group
(P , 0.05) in the second hour postoperatively. Implica-
tions: We found that intraoperative small-dose ket-
amine reduced postoperative morphine requirements
and improved mobilization 24 h after arthroscopic an-
terior ligament repair. No differences were observed in
the timing of administration. Intraoperative small-dose
ketamine may therefore be a useful adjuvant to periop-
erative analgesic management.

(Anesth Analg 2000;90:129–35)

T he N-methyl-d-aspartate (NMDA) receptors are
activated by C-fiber inputs triggered by surgical
tissue trauma via nociceptive transmitter release

in the dorsal horn of the spinal cord (1). The activation
of these receptors enhances central nervous system
sensitization and, therefore, the intensity of perceived
postoperative pain (1). It has been proposed that an-
algesic drugs might more adequately prevent this cen-
tral sensitization when administered before the tissue
trauma. This is the theory behind the concept of pre-
emptive analgesia. The clinical evidence for this con-

cept has been debated (1). Initially, the importance of
timing the analgesic administration and the need to
compare the same treatment before and after the sur-
gical injury were emphasized (2). Later, many studies
were performed with this correct methodology and
failed to find any preemptive effect for most analge-
sics. According to its mechanism of action, explained
mainly by a NMDA channel blockade (3), ketamine
may be more appropriate for this indication. How-
ever, available clinical studies (4–6) did not precisely
investigate, according to McQuay’s (2) methodology,
the importance of timing IV ketamine administration
on the quality of postoperative analgesia.

The purpose of our study was to assess the preemp-
tive analgesic effect of IV ketamine. We also compared
intraoperative ketamine with a placebo to determine
whether the addition of a small dose of ketamine to
general anesthesia could provide analgesic benefits
after anterior cruciate ligament repair (ACLR).
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Methods
After informed consent and with institutional ap-
proval, 45 inpatients, ASA physical status I or II, aged
18–65 yr, and scheduled to undergo elective arthro-
scopic ACLR under general anesthesia, were enrolled
in the study. Exclusion criteria included ASA physical
status .II, any type of surgery other than ACLR,
surgery performed under regional anesthesia, history
of chronic pain, regular medication with analgesics,
drug or alcohol abuse, psychiatric disorder, and con-
traindications to the self-administration of opioids
(i.e., unable to understand the patient-controlled anal-
gesia [PCA] device). On the evening before surgery,
patients were instructed about the use of a 10-cm
visual analog scale (VAS) (0 5 no pain to 10 5 worst
possible pain), a 5-point verbal rating scale (VRS) (0 5
no pain; 1 5 light pain; 2 5 moderate pain; 3 5 intense
pain; 4 5 severe pain), and the PCA system (Graseby
3300 PCAS, Watford, UK). Patients were randomly
allocated in a double-blinded fashion to three groups—a
control group (CONT), a preoperative ketamine group
(PRE), and a postoperative ketamine group (POST)—by
using a random number table.

Patients were premedicated with hydroxyzine 100 mg
orally, 1–2 h before surgery. Anesthesia was induced
with propofol at an initial target concentration of
5 mg/mL (e.g., 2 mg/kg) and vecuronium 0.1 mg/kg to
facilitate placement of a laryngeal mask airway. Anes-
thesia was maintained with a continuous administration
of propofol (target concentration 2–6 mg/mL; e.g., 60–
200 mg z kg21 z min21) and 60% N2O in O2 during con-
trolled ventilation. The objective was to maintain arterial
pressure and heart rate within 30% of the preoperative
value. A bolus of 0.2 mg/kg sufentanil was administered
10 min after surgical incision, followed by a continuous
infusion of 0.25 mg z kg21 z h21 that was stopped 30 min
before skin closure.

Before starting the study, a nurse not involved in the
evaluation of the patient prepared two identical sy-
ringes of 10 mL containing either isotonic sodium
chloride solution or ketamine 0.15 mg/kg diluted in
isotonic sodium chloride solution. These syringes
were labeled for preincisional and postincisional injec-
tions. All patients and personnel involved in patient
management and data collection were unaware of the
group to which the patient had been assigned. In case
of emergency, the anesthesiologist in charge of the
patient had ready access to the information about the
drugs administered. In the PRE group, the patients
received IV ketamine 10 min after the induction of
anesthesia but before tourniquet inflation and 10 mL
of isotonic sodium chloride solution at the end of
surgery after skin closure. In the POST group, the
patients received 10 mL of isotonic sodium chloride
solution 10 min after the induction of anesthesia but
before tourniquet inflation and IV ketamine at the end

of surgery. In the CONT group, both injections were of
isotonic sodium chloride solution.

After emerging from anesthesia, patients were
transferred to the postanesthesia care unit (PACU),
where they stayed for at least 3 h, then were dis-
charged to the ward. The time until the first request
for analgesic medication by the patient was recorded.
In the PACU, the pain was controlled by a titration of
IV morphine administered by a nurse. This titration
consisted of repeated boluses of 3 mg of morphine
every 5 min until the VRS was ,2. The titration was
stopped in case of a sedation score .3 or a respiratory
rate ,12 breaths/min. Subsequently, the patients
were given access to a PCA device. The PCA device
was set to deliver morphine 1 mg as an IV bolus with
an interval of 5 min and no background infusion or
limits. This regimen of PCA was continued for 48 h on
the surgical ward. Acetaminophen, , 1 g every 6 h, was
added during the second postoperative day. During
physical therapy sessions 24 and 48 h after surgery,
patients used IV morphine PCA to provide analgesia.

The pain intensity was assessed by the patients
using a VAS and a VRS. Pain was recorded hourly in
the PACU for 3 h, then every 4 h in the surgical ward
for 48 h by nurses. The physical therapist mobilized
the operated knee 24 and 48 h after surgery at levels of
motion tolerated by the patient up to 90° maximal
knee flexion. First mobilizations were passive, and
each session lasted 20 min. At the end of each session,
patients performed active knee flexion. Pain intensity
(VRS), anxiety (scale 0–3: 0 5 no anxiety; 1 5 light
anxiety; 2 5 moderate anxiety; 3 5 intense anxiety),
degree of first knee flexion, maximal degree of knee
flexion tolerated by each patient, and morphine PCA
consumption during these mobilizations were re-
corded by the physical therapist.

Side effects (nausea, vomiting, pruritus, dysphoria
[including hallucinations and dreams], and diplopia),
if present, were noted. Difficulty urinating or urinary
retention was recorded every 3 h. Sedation was mon-
itored using the following 4-point rating scale: 0 5
patient fully awake; 1 5 patient somnolent and re-
sponsive to verbal commands; 2 5 patient somnolent
and responsive to tactile stimulation; 3 5 patient
asleep and responsive to painful stimulation. In the
PACU, respiratory depression was defined as persis-
tent sedation, respiratory rate ,10 breaths/min, and
hypoxemia with capillary oxygen saturation ,90%; in
the surgical ward, it was defined as a sedation score
.1 and a respiratory rate ,10 breaths/min.

Before the study, the sample size was determined.
According to a previous study (7) and our experience,
we anticipated the mean PCA morphine use over 48 h
to be 80 mg. The estimated sample size was 15 patients
per group to detect a difference of at least 30% in
morphine consumption with mean (6 sd) difference
between groups of 1, a power of 80%, and a 5 0.05. All
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statistical analyses were performed using SPSS 6.1 for
Windows statistical package. Age, weight, length of
surgery, total amount of intraoperative propofol and
sufentanil, time from laryngeal mask removal to first
analgesic request, and cumulative and hourly doses of
morphine over 48 h and during physical therapy were
compared using one-tailed Student’s t-tests. The VAS
scores at rest and on movement during knee manip-
ulations were analyzed by using two-way repeated-
measures analysis of variance and post hoc compari-
sons at various points in time using Bonferroni’s type
I error rate correction for multiple tests of significance
(i.e., a per number of tests). Anxiety and VRS scores at
knee mobilization sessions were analyzed by using the
Mann-Whitney U-test. The x2 test was used to com-
pare frequency of side effects and sex distribution. P ,
0.05 was considered statistically significant. Data are
expressed as mean 6 sd.

Results
Forty-five patients, 15 per group, were enrolled in the
study. There was no exclusion. The three groups were
comparable with respect to demographic data, dura-
tion of surgery, and intraoperative doses of propofol
and sufentanil (Table 1). All patients underwent
ACLR performed by the same surgeon.

The VAS pain scores at rest were not significantly
different among the groups (Fig. 1). The time from
laryngeal mask airway removal and the first request
for analgesics in the PACU was longer in both
ketamine-treated groups compared with the control
group (27 6 23, 29 6 22, and 10 6 7 min for the PRE,
POST, and CONT groups, respectively; P , 0.05)
(Table 2).

Cumulative morphine consumption at 24 and 48 h
was greater in the CONT group than in the PRE and
POST groups (P , 0.01); there were no differences
between the PRE and POST groups (Table 2). Incre-
mental morphine consumption by patients on Postop-
erative Days 1 and 2 was less in the POST group than
in the CONT group for all studied periods (Fig. 2),
with a significant difference in the first 3 h and at
19–24 h (P , 0.01). Morphine consumption was less in
the first hour (P , 0.05) and similar in the second hour
in the PRE group compared with the CONT group.

The PRE group then followed the same time course in
morphine use as the POST group, with a significant
decrease at 19–24 h (P , 0.05).

The degree of first and maximal knee flexion, pain
perception, anxiety, and morphine consumption dur-
ing the physiotherapy sessions at 24 and 48 h are
presented in Table 3. Compared with the CONT
group, significantly better first knee flexion and lower
morphine consumption were noted in the two ket-
amine groups during the first session at 24 h. Anxiety,
pain scores, and the degree of maximal knee flexion
were comparable in the three groups during this ses-
sion. During the second physical therapy session, no
intergroup differences were observed. Knee flexion
was better and VRS scores were lower at 48 h than at
24 h.

Three cases of urinary retention were observed (one
in each group). Nausea and vomiting requiring treat-
ment occurred with no significant differences among
groups (two, one, and three patients in the PRE, POST,
and CONT groups, respectively). No patient in any
group reported sedation, dysphoria, hallucinations,
pruritus, or diplopia. No case of respiratory depres-
sion occurred during the study.

Discussion
Our results demonstrate that a single small dose of
ketamine administered intraoperatively delays the

Table 1. Patient Characteristics and Intraoperative Data

PRE POST CONT

Age (yr) 26 6 6 26 6 6 28 6 7
Weight (kg) 72 6 17 74 6 10 71 6 11
Gender (M/F) 10/5 9/6 11/4
Length of surgery (min) 125 6 44 113 6 36 121 6 33
Total amount of propofol administered (mg/kg) 12.0 6 2.8 11.5 6 3.1 12.6 6 2.9
Total amount of sufentanil administered (mg/kg) 0.6 6 0.1 0.5 6 0.1 0.6 6 0.1

Figure 1. Visual analog scale (VAS) pain scores (0–10 cm) in the
three groups during 48 h postoperatively. Values are mean 6 sd.
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first request for analgesic, produces a significant 50%
morphine-sparing effect during the first 48 hours after
knee surgery performed under arthroscopy, and facil-
itates knee mobilization at 24 hours. However, this
delayed beneficial effect was not related to the timing
of intraoperative ketamine administration.

We chose ACLR as a clinical model in which to
investigate the analgesic effect of intraoperative ket-
amine because, despite arthroscopic technique, this
surgery is painful postoperatively, especially on
movement (7–9), and may require opioids to provide
adequate postoperative analgesia (7,8). We chose a
small dose of ketamine (0.15 mg/kg) that had been
proven effective after subcostal incision for open cho-
lecystectomy (4). The small dose had the clear advan-
tage of avoiding side effects. We used balanced anes-
thesia, combining an opioid and propofol, during
surgery. To limit possible confusion related to the
preemptive analgesic effect of the opioid, we delayed
the first administration of intraoperative sufentanil,
although the preemptive analgesic effect of an intra-
operative opioid is controversial (1,2).

We observed that the analgesic effect of ketamine is
not dependent on the timing of administration. By
contrast, immediate morphine consumption was
lower when ketamine was injected at the end of sur-
gery. This result is likely related to a pharmacological
action of the drug. Our study is the first that precisely

compared the effect of the same dose of peroperative
IV ketamine administered either before or after sur-
gery. Fu et al. (6) compared preemptive administra-
tion of systemic ketamine with post-wound closure
administration of ketamine in patients undergoing ab-
dominal procedures and concluded that there was a
preemptive analgesic effect. However, in that study,
patients in the preemptive group received more ket-
amine, because they received 0.5 mg/kg at the time of
anesthetic induction, followed by an infusion of
10 mg z kg21 z min21 during surgery, compared with
only a 0.5-mg/kg bolus dose in patients in the post-
wound closure group, which suggests that the benefit
of preadministration could be due only to the differ-
ence in dosage. Moreover, because of additional dif-
ferences in the administration of ketamine in the pre-
emptive group compared with the post-wound group,
the study by Fu et al. (6) cannot precisely evaluate the
role of timing of administration. In addition, the fact
that these authors did not use any opioid during sur-
gery may have sensitized their study. Roytblat et al.
(4) and Tverskoy et al. (5) have demonstrated the
benefit of an intraoperative ketamine administration
in reducing postoperative pain or wound hyperalgesia
and postoperative morphine requirements, but they
did not investigate the influence of presurgical versus
postsurgical ketamine administration. Results con-
cerning the preemptive analgesic effect of epidural
ketamine are conflicting. They were positive in one
study combining morphine and ketamine (10) and nega-
tive in another using ketamine alone (11). In volunteers,
ketamine reduced capsaicin-evoked pain, allodynia,
and hyperalgesia by approximately the same degree
whether given before or after the capsaicin (12). Fi-
nally, in an animal study (13), an NMDA antagonist
was effective in reducing central sensitization when
administered either before or after the nociceptive
inputs. According to these data, it is conceivable that
the timing of administration for the expression of
NMDA receptor antagonist-induced analgesia is not
decisive. These findings support the belief that pro-
longed postoperative pain stimuli resulting from the
inflammatory reaction to damaged tissue are more
determinant than short-lasting intraoperative stimuli
in producing hypersensitivity in the spinal cord (1).
This is likely the main explanation of the insufficient

Figure 2. Incremental postoperative morphine consumption in the
three groups during 48 h postoperatively. Values are mean 6 sd.
*P , 0.05 PRE versus CONT. #P , 0.01 POST versus CONT. &P ,
PRE versus POST.

Table 2. Cumulative Morphine Consumption and Time from Laryngeal Mask Airway Removal and First Morphine
Request

PRE POST CONT

Morphine consumption (mg)
24 h 28.2 6 18.4* 24.2 6 17.8* 49.7 6 24.1
48 h 34.3 6 23.2* 29.5 6 21.5* 67.7 6 38.3

First morphine demand (min) 27 6 23† 30 6 22† 10 6 7

* P , 0.01 PRE and POST groups versus the CONT group.
† P , 0.05 PRE and POST groups versus the CONT group.
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preemptive analgesic effect of a single dose of an
analgesic administered before surgery.

Compared with a placebo, the intraoperative ad-
ministration of a small dose of ketamine offered sig-
nificant analgesia during the 48 hours of follow-up.
Although the pain scores at rest were not modified,
the 50% morphine-sparing effect observed at 48 hours
reflected the analgesic effect of ketamine. This level of
morphine sparing is comparable to that observed in
other studies using small ketamine doses either per-
operatively (4–6) or postoperatively (14,15). Ilkjaer et
al. (16) failed to demonstrate the analgesic effect of a
ketamine infusion after renal surgery, but IV ketamine
was combined with epidural bupivacaine on Day 1
and with epidural morphine on Day 2—analgesic reg-
imens that were already very effective alone. We did
not observe any change in the incidence of morphine-
related side effects, but this is probably due to the
small number of patients in each group. However, this
reduction in morphine consumption is certainly clini-
cally relevant.

No benefit of ketamine administration on pain scores
at rest was observed, probably because all patients used
the PCA correctly to obtain an adequate and comparable
analgesia. However, significant pain relief on movement
was obtained in both ketamine-treated groups during
the first physical therapy session. This is reflected by the
increased amplitude of the first passive knee flexion and
lower PCA morphine requirements during this session.
No previous study has evaluated the analgesic effect of
ketamine during movement after orthopedic surgery.
All studies demonstrating the analgesic effect of the co-
administration of small-dose ketamine during pain-
provoking movement were performed in patients un-
dergoing visceral or thoracic surgery (5,10,15).

We observed this action of ketamine on morphine
requirement and movement amplitude during the
first physical therapy session, which was beyond the
pharmacological actions of ketamine. This benefit did
not persist at 48 hours, and this is probably explained
by the limitation in possible maximal knee flexion
allowed at that time by the surgeon (i.e., 90°). The
lower pain levels observed during the second physical

therapy session are in line with this hypothesis. We
did not evaluate the mobility of the operated knee
after 48 hours and thus may have missed the delayed
beneficial effect. Royblatt et al. (4) found pain relief
after the administration of ketamine 0.15 mg/kg
mainly during six hours; however, a more prolonged
action of ketamine was reported in other studies.
Tverskoy et al. (5) found a decrease in wound hyper-
algesia 48 hours after anesthesia using ketamine. An
infusion of ketamine for three days after nephrectomy
reduced the area of punctuate mechanical hyperalge-
sia surrounding the surgical incision during the seven
days of the study (15). Fu et al. (6) observed a decrease
in morphine requirement induced by preemptive ket-
amine during the two days of their study. A reduction
in morphine consumption was still present 24 hours
after an induction of anesthesia with ketamine for
elective cesarean section (17). Together, these results
may specifically reflect the persistent effect of ket-
amine on central nervous system (CNS) sensitization
to pain caused by increased nociceptive input during
and after surgery, regardless of the regimen of admin-
istration, either as a single injection or a continuous
infusion. The long-lasting effect of ketamine on central
sensitization allows its administration in only a single
dose, as in the present study, or in a short-term
infusion.

Ketamine has analgesic properties that are mediated
by a number of mechanisms (3). NMDA receptor non-
competitive antagonism accounts for most of its analge-
sic effects through a use-dependent channel blockade (3).
In experimental pain research, NMDA receptor antago-
nists reduced wind-up and central sensitization (18), and
the receptors for NMDA are thought to play a pivotal
role in CNS nociceptive sensitization, whereas morphine
abolished wind-up only at very large doses (18). In ex-
perimental studies, NMDA antagonists reduced re-
sponses to compression of inflamed joints (19), which
suggests that NMDA receptors are involved in this in-
flammatory model. This long-term effect on cellular sen-
sitization may explain the extended analgesic action that
we observed and the preventive effect on the develop-
ment of hyperexcitability, even if ketamine treatment

Table 3. Knee Flexion, Pain Scores, Anxiety, and Morphine Consumption During Physiotherapy

Day 1 Day 2

PRE POST CONT PRE POST CONT

First flexion (°) 46 6 12*† 45 6 14*† 37 6 11† 65 6 12 60 6 15 63 6 18
Maximal flexion (°) 66 6 7† 67 6 15† 62 6 11† 83 6 7 83 6 10 81 6 11
VRS 2.4 6 0.6† 2.3 6 0.4† 2.9 6 0.4† 1.8 6 0.7 1.9 6 0.9 1.8 6 0.5
Anxiety 2.4 6 0.8 1.6 6 0.7 2.5 6 1.0 1.6 6 0.7 1.6 6 0.7 2.3 6 1.4
Morphine use (mg) 1.2 6 0.4*† 1.4 6 0.7*† 3.8 6 1.7† 0.4 6 0.5 0.4 6 0.5 0.6 6 0.7

Values are mean 6 sd.
VRS 5 Verbal rating scale.
* P , 0.05 PRE and POST groups versus the CONT group.
† P , 0.05 Day 1 versus Day 2 in each group.
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takes place after surgery. Another hypothesis to explain
the analgesic effect of small doses of ketamine may be
the synergistic or additive interaction among opioids,
which elicits activation of the NMDA receptors (20) and
NMDA antagonists. A potentiation between the effects
of intrathecal morphine and an NMDA antagonist on
wind-up of C fiber-evoked responses of spinal dorsal
horn neurons has been reported (18). In a clinical study,
Wong et al. (21) demonstrated that ketamine coadmin-
istered with epidural morphine potentiates morphine’s
analgesic effect but has no analgesic effect on its own in
patients undergoing major joint replacement. In another
study, an additive interaction for the analgesic effects of
systemic ketamine and alfentanil was reported after the
administration of intradermal capsaicin (22). Further-
more, NMDA antagonists seem to have the additional
advantage of attenuating analgesic tolerance to opioids
(20). These results suggest the possibility of adding
small-dose ketamine to morphine administered either IV
or epidurally.

Early and intensive physiotherapy avoids the detri-
mental effects of immobilization and accelerates func-
tional recovery after knee surgery. An active, super-
vised rehabilitation program based on kinesiologic
and biomechanical factors allows rapid restoration of
sporting activity in athletes after ACLR (23). The same
results, highlighting the importance of instituting an
early intensive rehabilitation, were reported after ar-
throscopic meniscectomy in workers returning to a
physically demanding job (24). However, few studies
have assessed the influence of postoperative pain on
knee rehabilitation after ACLR. In a study examining
analgesic consumption and the intensity of pain and
its effect on patients’ activity after arthroscopic ACLR
over five postoperative days, Brown et al. (8) found
that VAS scores for attempting straight leg raises were
significantly higher for patients unable to successfully
perform that activity than for patients who were able
to perform it. Furthermore, effective pain control dur-
ing movement is a factor in better and faster postop-
erative knee rehabilitation, earlier ambulation, and
shorter duration of hospital stay (25), although these
benefits do not affect outcome at three months. Tech-
niques using regional analgesia (peripheral nerve
block or epidural analgesia) are especially effective in
blocking provoked pain, but they require technical
expertise, may have significant side effects, and may
be indicated in invasive surgery, e.g., total knee ar-
throplasty (25). Systemic analgesics in a multimodal
approach are more appropriate to arthroscopic ACLR
(9). In this analgesic regimen, our results suggest that
ketamine may be a useful component.

In conclusion, our study shows that a small dose of
intraoperative ketamine can significantly enhance
postoperative analgesia after ACLR under arthros-
copy without any side effects. This is probably due to

the action of ketamine on CNS sensitization. This ef-
fect is not dependent on the timing of ketamine ad-
ministration during surgery.
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