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Both dextromethorphan (DM) and IV lidocaine im-
prove postoperative pain relief. In the present study,
we evaluated the interaction of DM and IV lidocaine on
pain management after laparoscopic cholecystectomy
(LC). One-hundred ASA physical status I or II patients
scheduled for LC were randomized into four equal
groups to receive either: (a) chlorpheniramine maleate
(CPM) intramuscular injection (IM) 20 mg and IV nor-
mal saline (N/S) (group C); (b) DM 40 mg IM and IV
N/S (group DM); (c) CPM 20 mg IM and IV lidocaine
3 mg · kg�1 · h�1 (group L); or (d) DM 40 mg IM and IV
lidocaine (group DM�L). All treatments were adminis-
tered 30 min before skin incision. Analgesic effects were

evaluated using visual analog scale pain scores at rest
and during coughing, time to meperidine request, total
meperidine consumption, and the time to first passage
of flatus after surgery. Patients of the DM�L group ex-
hibited the best pain relief and fastest recovery of bowel
function among groups. Patients in the DM and L
groups had significantly better pain relief than those in
the C group. The results showed an additional effect on
pain relief and a synergistic effect on recovery of bowel
function when DM was combined with IV lidocaine af-
ter LC.

(Anesth Analg 2005;100:448–53)

M any patients still suffer from moderate to severe
pain after laparoscopic cholecystectomy (LC) (1).
Different treatments have been used to relieve

pain, including nonsteroidal antiinflammatory drugs,
opioids, and local anesthetics, but none has been consis-
tently satisfactory. This may be because post-LC pain
results from a combination of inflammatory, incisional
somatic, and visceral components (2).

In previous studies, we had found that preincisional
IM treatment with 40 mg of dextromethorphan (DM)
provided good pain management in patients who un-
derwent upper abdominal surgery, LC, and modified

radical mastectomy by diminishing central sensitization
(3–5). Multimodal analgesia has become a current trend
in postoperative pain management (6). This implies that
a single antagonist may not be sufficient to prevent post-
operative pain if other pathways are not blocked.

Lidocaine may provide a multimodal approach to pain
management for the post-LC patient. Groudine et al. (7)
studied IV lidocaine administration (3 mg · kg�1 · h�1) in
patients undergoing radical retropubic prostatectomy
and concluded that lidocaine reduced the neural re-
sponse to pain by blockade or inhibition of nerve con-
duction. In addition to blocking nerve transmission, li-
docaine has significant antiinflammatory properties (8).
Moreover, Ness (9) found that IV lidocaine might be an
effective modality for treating visceral pain. Therefore,
lidocaine is also a potential drug for treating the complex
pain property after LC.

The aim of the present study was to evaluate the
interaction effect of combination preincisional DM
and IV lidocaine on pain management after LC.
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Methods
This study was approved by our IRB. Written in-
formed consent was obtained from all patients in the
study. One-hundred ASA physical status I or II pa-
tients scheduled for elective LC were included and
randomly divided into four groups. The study was
double-blind and randomized with a computer pro-
gram. The study drugs (chlorpheniramine maleate
[CPM], DM, lidocaine, and normal saline [N/S])were
prepared by the hospital pharmacy in identical con-
tainers marked with the name of the project, the in-
vestigator’s name, administer routes, and consecutive
numbers. Patients were excluded if they had clinically
diagnosed acute pancreatitis, were scheduled to un-
dergo any surgical procedure expected to produce
more trauma than LC alone, had acute preoperative
pain other than biliary colic, required chronic pain
treatment, or had current or recent cancer or any con-
dition that would contraindicate participation in a
surgical study of this nature. Patients with contrain-
dications for lidocaine or who had received opioids or
nonsteroidal antiinflammatory drugs within 1 wk
were excluded. Patients were assessed for eligibility
within 14 days before surgery, provided a full medical
history, and underwent complete physical examina-
tion and laboratory tests. Preoperatively, all patients
were instructed in the use of a visual analog scale
(VAS) to measure pain scores for pain assessment.

Based on retrospective data from our institution in
the same surgical population, a power analysis was
performed using reduction in meperidine consump-
tion as the primary outcome variable. It is clinically
meaningful because reduced opioid consumption im-
plied that patients exhibited lower pain scores and less
opioid-related side effects. We calculated a sample
size so that a between-group mean difference in me-
peridine consumption of 25 mg would permit a one-
tailed type I error rate of � � 0.05 with a power of 80%.
This analysis indicated that a sample size of at least 20
patients per group was required.

The doses of IV lidocaine (3 mg · kg�1 · h�1) and
DM were chosen on the basis of previous studies
(7,10,11). The dose of 40 mg of DM containing 20 mg
of CPM was used (3–5) because of the available for-
mulation of DM so that 1 ampoule of DM (10 mg)
contains 5 mg of CPM. DM was given IM because the
bioavailability of oral DM is only 10% (12), whereas
the bioavailability after an IM injection is similar to
that after an IV injection, with almost the same rapid
onset. Dextrorphan, the liver metabolite of DM, may
be responsible for most of the side effects attributed to
DM, although a large dose of IV DM leads to hypo-
tension and tachycardia. Therefore, IM administration
may provide a better alternative to an oral or IV ad-
ministration route, with rapid onset in acute pain

states, fewer side effects, and decreased risk of aspi-
ration in patients undergoing general anesthesia.

Patients in the group DM�L received DM IM and
IV lidocaine; patients in the group DM received DM
IM and an equal IV volume of N/S; patients of the
group L received 20 mg of CPM IM and IV lidocaine;
patients of the group C received 20 mg of CPM IM and
an equal IV volume of N/S. All treatments were ad-
ministered 30 min before skin incision, and lidocaine
or N/S was infused with a pump throughout the
surgery.

For all patients, general anesthesia was induced
with IV fentanyl (2 �g/kg), atracurium (5 mg), and
thiopental (3–5 mg/kg). Tracheal intubation was facil-
itated with succinylcholine (1.5 mg/kg). Anesthesia
was maintained with desflurane in oxygen (300 mL/
min) via a total closed-circuit system. Atracurium was
used for muscle relaxation. The end-tidal desflurane
concentration was controlled to maintain the systolic
blood pressure within the range of 20% of the basal
systolic blood pressure. End-tidal desflurane concen-
trations were monitored continuously and recorded at
30 min after the induction, 30 min after skin incision,
and at the end of the surgical procedure. Respiratory
frequency and tidal volume were adjusted to maintain
the end-tidal carbon dioxide level at 35–45 mm Hg.
Esophageal temperature was maintained at 35°C–
37°C. No additional opioids were given during the
operation. At the end of surgery, residual neuromus-
cular blockade was antagonized with edrophonium
(0.8 mg/kg) and atropine (0.01 mg/kg), and the en-
dotracheal tube was removed when the patient started
to breathe spontaneously and smoothly.

A meperidine (1 mg/kg) IM injection was used for
postoperative pain relief, if requested, because it has
been widely used for pain relief after LC in our coun-
try. In most LC patients, one or two doses of meperi-
dine can provide adequate pain relief, so this treat-
ment was preferable to patient-controlled analgesia. A
10-cm VAS (with end-points labeled “no pain” and
“worst possible pain”) was used to assess pain inten-
sity at rest and during coughing at 1, 2, 4, 12, 24, and
48 h after completion of surgery. We recorded the time
to first meperidine injection, total meperidine con-
sumption, the first time to the passage of flatus by
patients’ self-report, and side effects related to meper-
idine (drowsiness, dizziness, nausea, and vomiting),
CPM (vertigo, drowsiness, headache, nausea, blurred
vision, and weakness), DM (nausea, vomiting, dizzi-
ness, hot flashes, drowsiness, heartburn, and head-
ache), and lidocaine (cardiac arrhythmia, light headed,
drowsiness, perioral numbness, metal taste, dryness of
the mouth, nausea, muscular twitch, tinnitus, and vi-
sual disturbances) for 48 h after the operation. All
observations were made by a study nurse. Side effects
were treated as required.
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All data are expressed as the mean � SD. Differ-
ences in the demographic data and clinical character-
istics among the subjects in the four groups were
evaluated by one-way analysis of variance, and
Scheffé tests were used to compare differences among
groups. The �2 test was used to evaluate differences in
the incidence of requests for meperidine and the
meperidine-related side effects among groups. The
log-rank test and Cox proportional hazards model
were used to compare differences in the duration to
the first meperidine injection and first passage of fla-
tus. To evaluate the enhanced effect of the combina-
tion of the two treatments, an interaction term was
introduced into either the multiple regressions (anal-
ysis for total meperidine consumption) or Cox propor-
tional hazards model (analysis for time to first meper-
idine injection and first passage of flatus). All
statistical analyses were two-tailed. Statistical signifi-
cance was accepted at the 5% probability level.

Results
The groups were similar in age, body weight, height,
men-to-women ratio, and duration of surgery (Table
1). Average end-tidal desflurane concentration was
significantly smaller in both lidocaine-treated groups
(Table 1) because of the analgesic and vasodilatation
effects of the lidocaine. The mean time to the first
meperidine injection (h) showed a significant differ-
ence between groups DM�L and L or C (P � 0.001)
and groups DM and C (P � 0.05; Table 2). Meperidine
consumption was significantly less over the 2-day ob-
servation period for groups DM�L, DM, and L com-
pared with group C (P � 0.001) and group DM�L
compared with group L (P � 0.05; Table 2). There was
a significant decrease in the incidence of patients re-
quiring meperidine injection among the groups
DM�L and DM, L, or C (P � 0.001), DM and C (P �
0.05), and L and C (P � 0.05) (Table 2). There were also
small but significant differences in VAS among the
groups at rest and during coughing. Figure 1 shows
that VAS scores at rest were significantly lower in the

DM�L group compared to group C for the first 12 h.
VAS scores during coughing were significantly lower
for the same comparison for the first 24 h. For the
single therapy groups DM and L, VAS scores were
significantly lower at rest for 2 h, whereas coughing
VAS scores were significantly lower for 24 h and 12 h
compared with control. The combined therapy group
DM�L showed significantly lower VAS scores at rest
compared with either single-treatment group (DM or
L) for 4 h, whereas coughing VAS scores were signif-
icantly lower for 24 h compared to the single-therapy
groups. Patients in the group DM�L exhibited the
fastest return of bowel function among groups (P �
0.001 compared to group C; P � 0.05 compared to
groups DM and L) (Table 2). There were significant
differences in meperidine-associated nausea, vomit-
ing, dizziness, or headache between DM�L and C (P
� 0.001) or L (P � 0.05) and between DM and C (P �
0.001) (Table 2). Six and three patients were treated
with IV prochlorperazine 5 mg for vomiting in the
control and lidocaine groups, respectively. No DM- or
CPM-related side effects were observed during the
48-h observation period. All patients who started on
the IV lidocaine infusion finished their full course of
the drug. No patient experienced an identifiable ad-
verse event related to the lidocaine infusion, except
that an occasional arrhythmia with stable vital signs
was noted in one patient in both groups L and DM�L.

Both DM and lidocaine had a significant effect on
the time to first trigger of meperidine (DM: � � �1.30;
P � 0.001; and L: � � �1.03; P � 0.004), total meper-
idine consumption (DM: � � �0.57; P � 0.001; and L:
� � �0.38; P � 0.002), and the reduction in meperi-
dine requirement (DM: � � �1.90; P � 0.005; and L: �
� �1.58; P � 0.02); however, no significant synergistic
or antagonistic interaction between DM and lidocaine
was found (DM � L; � � �0.12; P � 0.858; � � 14.7;
P � 0.372; � � 1.7; P � 0.866, respectively) (Table 3).
Therefore, an additional interaction was observed on
the coadministration of DM and lidocaine on the time
to first trigger of meperidine, total meperidine con-
sumption, and percentage of patients requiring
meperidine.

Table 1. Demographic Data and Operation Duration

Group C
(n � 25)

Group DM
(n � 25)

Group L
(n � 25)

Group DM � L
(n � 25)

Age (yr) 51.4 � 8.4 52.4 � 10.2 51.8 � 7.2 50.9 � 9.6
Sex (M/F) 11/14 10/15 10/15 11/14
Weight (kg) 60.8 � 7.3 59.2 � 6.0 61.8 � 7.1 60.1 � 7.5
Height (cm) 162.9 � 6.2 161.4 � 5.8 162.9 � 4.4 162.3 � 4.4
Operation duration (min) 81.0 � 8.4 81.8 � 8.6 81.4 � 9.1 81.2 � 8.5
End-tidal of desflurane 6.8% � 0.3% 6.7% � 0.4% 5.1% � 0.3%* 5.1% � 0.3%*

Except for sex, all data are presented as the mean � sd.
* P � 0.05 as compared with group C and dextromethorphan (DM). Group C � chlorpheniramine maleate (CPM) 20 mg IV � equal IV volume of normal saline

(N/S); Group DM � DM 40 mg IV and equal IV volume of N/A; Group lidocaine (L) � CPM 20 mg IV and IV lidocaine (3 mg � kg�1 � h�1); Group DM �
L � DM 40 mg IV and IV lidocaine.
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Discussion
The present study showed that coadministration of
preincisional DM IM 40 mg plus IV lidocaine
(3 mg · kg�1 · h�1) provided superior postoperative
pain relief compared with either treatment alone. Our
study also suggested that the effect between the drugs
was additive because the combined therapy group
had the longest time period before the first request for

meperidine, the fewest patients requiring meperidine,
the lowest VAS pain scores, and the least meperidine
consumption. The most interesting finding is that
there was a significant synergistic interaction between
DM and lidocaine (DM � L; � � �7.92; P � 0.001) on
recovery of bowel function; however, both DM and
lidocaine had no significant effect by themselves (DM:
� � �0.09; P � 0.152; and L: � � �0.09; P � 0.112)
(Table 3).

New non-opioid strategies of pain control during the
perioperative period have emerged recently. DM is a
noncompetitive N-methyl-d-aspartic acid (NMDA) re-
ceptor antagonist. It is rapidly metabolized in the liver,
where it is transformed to dextrorphan, an active and
more potent NMDA receptor antagonist (13). The side
effects of DM documented in clinical studies might be
mediated by this metabolite acting at the phencyclidine
receptor site rather than by DM itself (14). DM has a long
history of clinical use with an established safety record
(15). The results of previous studies that used DM to
block or attenuate the central sensitization induced by
noxious stimulation are controversial (3–5,16–19). The
present results are compatible with those of Helmy and
Bali (17), Weinbroum et al. (16), and our previous studies
(3–5), which showed that preoperative DM treatment
provided a better analgesic effect and might have pre-
vented the sensitization of nociceptive neurons in the
spinal cord. DM was shown to have a role in alleviating
both acute somatic and visceral pain and has been gain-
ing greater clinical acceptance as a multimodal analgesic
adjutant to achieve better pain relief by preventing cen-
tral nervous system sensitization (20). The failure of
some studies to demonstrate a better analgesic effect of
DM may be explained by insufficient afferent blockade
required to prevent central sensitization because of the
use of small doses, oral administration, improper timing
of administration in acute pain, and its use in neuro-
pathic pain syndromes after the establishment of central
sensitization (18,19).

IV lidocaine suppresses neuronal excitability in dorsal
horn neurons, depresses spike activity, amplitude, and

Table 2. Postoperative Analgesia, Recovery, and Incidence of Side Effects

Group C
(n � 25)

Group DM
(n � 25)

Group L
(n � 25)

Group DM � L
(n � 25)

Time to first meperidine injection (h)a 8.2 � 17.7 27.4 � 23.8* 21.7 � 23.8 41.8 � 14.4*†
Total meperidine consumption (mg) 87.3 � 47.7 31.6 � 38.3* 50.4 � 49.7* 9.4 � 22.0*†
Meperidine requirement (%) 84.0 44.0* 52.0* 16.0*†‡
Times of first passage of flatus (h) 22.9 � 1.8 22.2 � 1.5 22.1 � 1.6 13.4 � 2.1*†‡
Meperidine-related side effects 10 3* 7 1*†

Values are mean � sd or number of patients or percentage.
a If patients did not receive a meperidine injection during the 2-day observation, the time to first meperidine injection was recorded as 48 h. DM �

dextromethorphan; N/S � normal saline; CPM � chlorpheniramine maleate; L � lidocaine.
Group C � CPM 20 mg IV � equal IV volume of N/S; Group DM � DM 40 mg IV and equal IV volume of N/S; Group L � CPM 20 mg IV and IV lidocaine

(3 mg � kg�1 � h�1); Group DM � L � DM 40 mg IV and IV lidocaine.
* P � 0.001 compared with the group C; † P � 0.05 compared with the group L; ‡ P � 0.05 compared with the group DM.

Figure 1. Visual analog scale (VAS) pain scores at rest (A) and during
coughing (B). Values are mean � SD. *P � 0.05 as compared to the
group C; �P � 0.05 as compared to the group dextromethorphan
(DM); #P � 0.05 as compared to the group lidocaine (L). Group C:
chlorpheniramine maleate (CPM) 20 mg IM � equal IV volume of
normal saline (N/S); Group DM: DM 40 mg IM and equal IV volume
of N/S; Group L: CPM 20 mg IM and IV lidocaine (3 mg · kg�1 · h�1);
Group DM�L: DM 40 mg IM and IV lidocaine.
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conduction time in both myelinated A-� and unmyeli-
nated C fibers (21), decreases the neural response to
postoperative pain by blockade or inhibition of nerve
conduction (7), suppresses central sensitization (10,11),
inhibits spinal visceromotor neurons (9), possesses an
antiinflammatory effect (8), and reduces postoperative
pain in the clinical setting (7,10,21). However, other clin-
ical studies suggested that lidocaine has no beneficial
effect (22,23). The discrepancy between these results
might be due to the differences in the dosage of lidocaine
and the timing of its administration. In addition, the
modes and patterns of peripheral and central sensitiza-
tion might be different between types and regions of
surgery. Our study showed that lidocaine is an effective
drug for treating pain after LC. Nagy and Woolf (24)
observed that local anesthetics could selectively reduce
C fiber-evoked neuronal activity in rats and subse-
quently reduce the nociceptive transmission in the spinal
cord by decreasing NMDA receptor activity. Imamachi
et al. (25) demonstrated that NMDA receptor antagonists
could interact with lidocaine synergistically at the spinal
level in rats. In previous studies, the preemptive epi-
dural analgesic regimen combining morphine, ketamine,
and local anesthetics provided superior analgesia com-
pared with morphine with local anesthetics after upper
abdominal surgery (26). Our results were consistent with
many clinical studies showing an additive analgesic
effect of DM and lidocaine (16,17), resulting in dimin-
ished pain and opioid consumption. However, the
meperidine-sparing effect of DM plus lidocaine was
manifested in the first 12 hours after surgery. Thus,
further study is required to assess whether postoperative
infusions should be continued for longer periods of time
or just immediately after surgery.

Rimback et al. (21) and Groudine et al. (7) showed
that continuous IV lidocaine provided a faster return
of bowel function after surgery. In the present study,
we could not demonstrate that lidocaine improved
bowel function. These conflicting results may be due
to differences in the total dosage of lidocaine or the
smaller extent and severity of our surgical procedure.

DM antagonizes the contractility of guinea pig ileum
(27), which might cause delayed recovery of bowel
function. We cannot demonstrate a negative role of
DM on bowel function. DM’s lack of effect on bowel
function might have been caused by attenuation of
nociceptive afferent nerve input resulting in reduced
opioid consumption. However, we showed an unex-
pected improvement in bowel function by the combi-
nation of DM and lidocaine over the DM or lidocaine
groups. Because both pain and opioid administration
can diminish bowel function and cause postoperative
ileus, improved analgesia and reduced opioid admin-
istration by themselves contribute to minimize post-
operative ileus. We postulated that diminished pain
and opioid consumption might further contribute a
synergistic effect to the recovery of bowel function.

The limitation of our study was that patients in the
control group received CPM 20 mg, which might have
provided a sedative effect and delayed the first trigger
time. However, all patients in the study groups re-
ceived CPM 20 mg, and the first trigger times were
longer than the control group. Therefore, the effect of
CPM could not account for our results. We did not
compare multiple dosages of DM and lidocaine be-
cause the dosages of DM 40 mg (3–5) and lidocaine
(7,10,11) were well established in previous studies.
Finally, we also did not measure the serum levels of
lidocaine because it was well studied (7).

Taken together, we demonstrated that the combina-
tion of perioperative IM DM 40 mg with IV lidocaine
(3 mg · kg�1 · h�1) provides an addition effect on post-
operative pain relief and a synergistic effect to accel-
erate recovery of bowel function after LC.
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