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A perioperative intravenous lidocaine infusion has been reported to decrease postoper-
ative pain. The goal of this study was to evaluate the effectiveness of intravenous lidocaine
in reducing postoperative pain for laparoscopic colectomy patients. Fifty-five patients
scheduled for an elective laparoscopic colectomy were randomly assigned to 2 groups.
Group L received an intravenous bolus injection of lidocaine 1.5 mg/kg before intubation,
followed by 2 mg/kg/h continuous infusion during the operation. Group C received the
same dosage of saline at the same time. Postoperative pain was assessed at 2, 4, 8, 12, 24,
and 48 hours after surgery by using the visual analog scale (VAS). Fentanyl consumption
by patient-controlled plus investigator-controlled rescue administration and the total
number of button pushes were measured at 2, 4, 8, 12, 24, and 48 hours after surgery. In
addition, C-reactive protein (CRP) levels were checked on the operation day and
postoperative days 1, 2, 3, and 5. VAS scores were significantly lower in group L than
group C until 24 hours after surgery. Fentanyl consumption was lower in group L than
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group C until 12 hours after surgery. Moreover, additional fentanyl injections and the total
number of button pushes appeared to be lower in group L than group C (P < 0.05). The
CRP level tended to be lower in group L than group C, especially on postoperative dayl
and 2 and appeared to be statistically significant. The satisfaction score was higher in
group L than group C (P = 0.024). Intravenous lidocaine infusion during an operation

reduces pain after a laparoscopic colectomy.
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B ecause of a substantial increase in the incidence
of benign and malignant tumors of the colon,
the number of laparoscopic colorectal surgeries has
increased.! Laparoscopic colectomy appears to be
less painful, involves less bleeding, and has a faster
recovery than an open colectomy.” Further, laparo-
scopic colorectal surgery has been proven to be
beneficial in comparison with robot-assisted laparo-
scopic colorectal surgery in many aspects.” Howev-
er, postoperative pain because of surgical incision is
still an issue that requires resolution. Therefore,
various clinical applications such as intrathecal
morphine, epidural analgesia, patient-controlled
analgesia (PCA), and nonsteroidal anti-inflammato-
ry drugs (NSAIDs) are used to control pain after a
laparoscopic colectomy.*”> However, optimal man-
agement has not yet been established. A regional
block can have technical difficulties and complica-
tions. The epidural failure rate has been reported up
to 40%, and other drugs, such as opioids or NSAIDs,
have side effects or drug allergies.”®

Intravenous lidocaine is inexpensive, easy to inject,
and a relatively safe drug.” A number of studies
showed that intravenous lidocaine has analgesic, anti-
hyperalgesic, and anti-inflammatory properties, as
well as a fast recovery, reducing the hospital stay and
the time for bowel function recovery.®'? In addition,
lidocaine in a nontoxic concentration has been
reported to decrease the variant volatile anesthesia
requirement in an animal s‘cudy.lo Therefore, the
authors aimed to determine whether a continuous
infusion of intravenous lidocaine would have an
adequate postoperative analgesic effect for a laparo-
scopic colectomy. The hypothesis of this study was
that an intravenous lidocaine infusion during an
operation could decrease postoperative pain.

Methods

Patients

The study protocol was approved by the Institu-
tional Review Board from the College of Medicine,
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Chung-Ang University. This study was carried out
according to the principles of the Declaration of
Helsinki 2000, and written informed consent was
obtained from all participants before their inclusion
in the trial.

This study included 55 patients (age range, 20-65
years) who were scheduled to undergo a laparo-
scopic colectomy. Exclusion criteria included pa-
tients who had severe underlying cardiovascular,
renal, or hepatic disease and were allergic to local
anesthesia. Patients were excluded if they weighed
<45 kg or >100 kg and had received opioid or
nonsteroidal anti-inflammatory drugs during the
prior week or were taking these drugs chronically as
a pain treatment. Patients who had a history of
previous abdominal surgery were also excluded.
The decision to enroll patients was made by an
investigator who did not otherwise participate in
the study.

Study design and randomization

This was a randomized, double-blind, placebo-
controlled study. The patients were randomly
divided into two groups: group L received intrave-
nous lidocaine and group C received normal saline
as a placebo. Randomization into 1 of the 2 groups
was based on a random table generated using PASS
11 (NCSS, Kaysville, Utah, USA). The randomiza-
tion sequence was generated by a statistician who
was not otherwise involved with the study. The
details of the series were unknown to the investiga-
tors, and the group assignments were kept in sealed
envelopes, each bearing only the case number on the
outside. After recruitment, the patients were given a
case number; 1 hour before admitting the patient
into the operating room, the numbered envelope
was opened, and the card inside determined the
group into which the patient would be placed. In
order to keep the anesthesiologist “blind” to the
patients” assigned group, lidocaine or normal saline
(placebo) was prepared in a syringe and a bottle that
was only labeled with a case number. The prepara-
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tions for the bolus and continuous infusion were
arranged by an additional investigator who read the
card. Two minutes before orotracheal intubation,
patients in group L received an intravenous bolus of
lidocaine, 1.5 mg/kg. After induction of anesthesia,
lidocaine (2 mg/kg/h) was continuous infused
during the operation. Patients in group C received
an intravenous normal saline bolus and then
received the same amount of a continuous infusion
of normal saline as that of group L.

General anesthesia

All patients received the same anesthetic protocol.
The patients did not receive premedication, and
anesthesia was induced with intravenous propofol,
2 mg/kg, and rocuronium, 0.8 mg/kg. Patients were
intubated, and ventilation was adjusted in order to
maintain the end-tidal CO, between 35 and 40
mmHg. Anesthesia was maintained using 5-8%
desflurane with 1 L/min of nitrous oxide (N,O) and
1 L/min of O,. The noninvasive arterial blood
pressure, electrocardiography, and pulse oximetry
were monitored continuously. During surgery, the
patients received an intravenous infusion of lactated
Ringer’s solution at a rate of 6-12 mL/kg/h. No
additional analgesics were injected during the
surgery.

Surgical technique

All operations were performed by a single surgical
team. The patients were placed in a reverse
Trendelenburg position with left-sided tilting. A
laparoscopic colectomy was performed with an
automated insufflation pressure of 12-15 mmHg.
A 10-mm subumbilical incision was created for a
pentoneoscope. Subsequently, a 10-mm port was
placed in the right lower quadrant, and a 5-mm port
was inserted 6 cm above the previously mentioned
port. Then, another 5-mm port was inserted 6 cm to
the left of the subumbilical port. The colon, inferior
mesenteric artery, and vein were dissected using a
dissector. The sigmoid colon was held up and
slightly retracted. The rectum was mobilized from
the sacral promontory to the tip of the coccyx with a
harmonic scalpel, with division of the lateral
ligament of the rectum. A 60-mm echelon was
inserted in order to resect below the tumor. An
incision was made for retraction of the colon. Then,
the tumor was removed through the incision, and
further anastomosis was performed laparoscopical-
ly using a double-stapling technique. Patency was
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examined by opposition of a thumb to an index
finger and a middle finger. After a massive saline
irrigation, a branched Hemo-Vac was inserted into
the perirectal space that was drained through the
incision. Surgical dressing was performed.

Postoperative pain control

Patients’ postoperative pain intensity was measured
using a 100-mm visual analog scale (VAS; 0 mm, no
pain; 100 mm, worst possible pain), and patients in
both groups were taught how to use a computerized
intravenous patient-controlled analgesia (PCA) sys-
tem (Automed 3300; AceMedical Co, Seoul, Korea).
The PCA mode was set at a 0.3 pg/kg bolus with a
15-min lockout interval, without a continuous
infusion (a 100-mL total regimen with saline). Each
time pain occurred, the patients were taught to push
the button of the PCA, which delivered a drug
bolus. However, we did not inform the patients of
the existence of a lockout interval for measurement
of their analgesic requirement. If they requested
more analgesics at any time or they had persistent
pain over that of a VAS measurement of 30 mm at
any time, an additional 50 pg of fentanyl was
intravenously injected until the pain was relieved to
a level that was under a 30-mm VAS measurement.

Postoperative nausea and vomiting were treated
with 4 mg of intravenous ondansetron (Glaxo-
SmithKline, Uxbridge, UK) as required.

Oral intake of solid food was started as soon as
the patients could tolerate it and as soon as their
bowel function became adequate. The patients were
discharged as soon as they were able to eat an
adequate oral diet and were mobile.

Studied variables

The primary outcome variables were pain levels
measured using VAS on postoperative days at 2, 4,
8, 12, 24, and 48 hours after surgery and at
discharge. VAS scores were collected by 1 blinded
investigator who had more than 2 years of experi-
ence interviewing patients regarding postoperative
pain.

Secondary outcome variables included frequency
of pushing the button of the PCA device (FPB),
fentanyl consumption (the sum of additional intra-
venous fentanyl bolus infusions and fentanyl deliv-
ered by the PCA system), satisfaction score, and
incidence of postoperative nausea and vomiting
(PONV). FPB and fentanyl consumption were
evaluated up to 2 hours, 2-4 hours, 4-8 hours, 8-
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Table 1  Demographics and preoperative variables

Group C (n =25) Group L (n =25) P value

Age (yr) 66.20 + 8.88 64.48 = 11.68  0.561*
Gender M/F (n) 8/17 11/14 0.382
ASA / / (n) 8/12/5 9/13/3 0.741

157.56 = 11.10
61.13 = 11.47
204.20 *= 75.69

160.86 = 7.50 0.224
58.87 = 8.40 0.429
216.60 * 56.29 0.514

Height (cm)
Weight (kg)
Duration of OP

ASA, American Society of Anesthesiologists physical status; n,
number of patients; Op, operation.

Values are expressed as mean * SD, median (P25-P75), or
absolute number.

* The Mann-Whitney U test was used and expressed as median
(P25-P75) because of an abnormal distribution.

12 hours, 12-24 hours, and 24-48 hours postopera-
tively.

During a preoperative visit, 2 investigators
instructed patients on the use of a 100-mm VAS (0
= “no pain” and 100 = “worst pain”) for pain
assessment, as well as the use of the PCA using a
standardized protocol.

Satisfaction scores regarding pain control and the
overall recovery process were obtained at 48 hours
(11-point numerical rating scale with 0 = “very
dissatisfied” and 10 = “very satisfied”).

Incidence of PONV was recorded for each
patient. Further, time values that represented the
recovery rate were collected for each patient; these
included the period of when a regular diet was
started (RD) and the length of hospital stay (LOS).
All parties involved, including the patients, sur-
geon, anesthesiologists, and investigator collecting
the data, were unaware of the study drugs or the
patients” group assignment.

Sample size calculation

To estimate group size, a pilot study was conducted
measuring the VAS 2 hours after surgery for 8
patients who did not receive any medications. The
standard deviation of the VAS pain score for this
group was 12.1 mm. For our power calculation, we
assumed an equal standard deviation in group L.
We wanted to demonstrate a 10-mm difference in
the VAS pain score 2 hours after surgery between
the groups. With a 2-tailed o = 0.05 and a power of
80%, we needed 23 patients in each group. Consid-
ering a compliance rate of 90%, we asked 52 patients
to participate in this study.

We used an intention-to-treat strategy—that is, all
participants were included in the analysis regardless
of whether they had completed the study. Missing
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data were completed using a last-observed carried-
forward (LOCF) analysis.

Statistics

For intergroup comparisons, the distribution of the
data was first evaluated for normality using the
Shapiro-Wilk test. Normally distributed data were
presented as the mean * standard deviation, and
the groups were compared via the Student’s ¢ test.
The non-normally distributed data were expressed
in medians (P25-P75), and the data were analyzed
via the Mann-Whitney U test.

Descriptive variables were subjected to the y*
analysis or Fisher’s exact test, as appropriate. A P of
<0.05 was considered statistically significant. The
data in the figures were reported as the mean *
standard error. A statistical analysis was conducted
using SPSS v. 18.0 (IBM Corp, Armonk, NY, USA).

Results

There were no significant differences between the
groups in terms of age, gender, American Society of
Anesthesiology (ASA) class, height, weight, or
duration of operation (Table 1). Fig. 1 shows a
diagram of the trial according to the Consolidated
Standards of Reporting Trials (CONSORT) state-
ment.

Among 52 patients who were asked to participate
in the study, no patient refused to participate, and 2
patients were excluded because of a history of an
abdominal surgery. Of the 50 remaining patients, 25
were randomized to group L, and 25 were random-
ized to group C. Four patients had incomplete data
because 1 patient in group L and 1 patient in group
C were treated with other drugs to control shivering
and because 2 patients in group C discontinued the
study after stopping the patient-controlled analge-
sics because of nausea induced by the fentanyl
infusion.

The results of the VAS pain scoring are shown in
Fig. 2. The highest pain scores were experienced at 2
hours, and the pain gradually decreased with time
in group C. In group L, the pain score was reduced
at 4 hours and increased at 8 hours. However, over
the 24-hour postoperative period, group L had a
significantly lower VAS score compared to that of
group C. In both groups, the pain was gradually
relieved, and at discharge, there was no difference
with respect to pain between the groups.

The amount of fentanyl consumption from the
PCA and rescue analgesia was significantly lower in
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Assessed for eligibility (n= 52)

Excluded (n=2)

+ Not meeting inclusion criteria (n=2)
History of abdominal surgery

+ Declined to participate (n=0)

+ Other reasons (n=0)

v

Randomized (n=50)

(TT————— J.

Allocated to group L (n=25)

+ Received allocated to group L (n=25)
+ Did not receive allocated group L (n=0)

\ Allocated to group C (n=25)
+ Received allocated to group C (n=25)
+ Did not receive allocated to group C(n=0)

o) l

Lost to follow-up (n=1)

Discontinued (n=0)

Received other drug for control shivering (n=1)

|8 J
Lost to follow-up (n=1)

Received other drug for control shivering (n=1)
Discontinued (n=2)

Stopped PCA because of nausea (n=2)

Analysed (n=25)

+ Excluded from analysis (n=0)

L J
Analysed (n=25)
+ Excluded from analysis(n=0)

Fig. 1 Consort flow diagram.

group L than group C until 12 hours after surgery
(Fig. 3). It tended to gradually decrease in both
groups during the 48-hour postoperative period.

Compared to group C, the FPB was lower in
group L 2 hours, 4 hours, 8 hours, and 12 hours after
surgery (Fig. 4).

In terms of the total amount of injected fentanyl,
group L required significantly less analgesia than
that of group C (P = 0.039; Table 2). The total FPB

50
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VAS
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15 T T T T T T
2hr 4hr 8hr 12hr 24hr 48hr

Time

Fig. 2 Comparison of visual analogue scale (VAS) score in the
lidocaine and control groups after surgery.
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was lower in group L than in group C (P < 0.001;
Table 2).

Compared to group C, nausea was less frequent
in group L (P = 0.023). However, no significant
differences were noted between the groups for
vomiting, LOS, or RD (Table 2).

Postoperative C-reactive protein (CRP) was sta-
tistically higher in group C than group L 2 days after
surgery (Fig. 5).
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Fig. 3 Comparison of the total fentanyl consumption in the
lidocaine and control groups after surgery.
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Fig. 4 Comparison of the frequency of pushing the button of a
PCA device (FPB) in the lidocaine and control groups after
surgery.

The satisfaction score regarding pain control and
the overall recovery process was higher in group L,
as compared to group C (P =0.024; Table 2). Not one
patient had a postoperative complication related to
lidocaine infusion.

Discussion

This prospective, randomized, double-blind, place-
bo-controlled study demonstrated that patients who
received an intraoperative infusion of intravenous
lidocaine appeared to have less pain than that of the
control group. Moreover, FPB and total fentanyl
consumption were significantly lower compared to

Table 2 Postoperative variables

Group C (n =25) Group L (n =25) P value

Total FPB 45.00 (36.00-52.50) 35.00 (31.50-38.50) <0.001*t
Total fentanyl 1020.62 *+ 231.76 890.74 + 200.03 0.039+
Nausea 15 7 0.023
Vomiting 5 4 0.713
LOS 13.0 (9.5-17.5) 12.0 (10.0-18.5) 0.961*
RD 4.0 (4.0-5.0) 4.0 (3.5-5.0) 0.295*
Satisfaction

score 6.0 (5.0-7.0) 7.0 (6.0-8.0) 0.024*+

FPB, frequency of pushing the button of a patient-controlled
analgesia system; LOS, length of hospital day; RD, start of a
regular diet.

Values are expressed as mean * SD, median (P25-P75), or
absolute number.

* The Mann-Whitney U test was used and expressed as median
(P25-P75) because of an abnormal distribution.

1 <0.05 compared with group C.
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Fig.5 Comparison of the C-reactive protein (CRP) concentration
in the lidocaine and control groups after surgery.

that of the control group with a laparoscopic
colectomy. From this result, an infusion of intraop-
erative intravenous lidocaine appeared to be clini-
cally useful to obtain an analgesic effect.

A laparoscopic colectomy has been reported to
have a shorter hospital day, to be less painful, to
have less pulmonary complications, and to shorten
postoperative ileus compared to an open colecto-
my.> A number of studies have been conducted in
order to shorten the hospital stay for patients who
received a laparoscopic colectomy.'! However, the
operative time for a laparoscopic colectomy is much
longer (approximately 200 minutes) than that of any
other laparoscopic surgery such as an appendecto-
my or a cholecystectomy. Scheer reported that
operative time could affect the postoperative com-
plication rate.'? Further, the Trendelenburg position
with a pneumoperitoneum pushes the diaphragm
toward the head and causes a decrease in lung
volume."® These factors result in more frequent
compression atelectasis in laparoscopic surgery than
open surgery.'* As postoperative abdominal pain
exaggerates these problems, postoperative pain
control might help resolve these complications.
Systemic lidocaine has been proven to improve the
postoperative quality of recovery for patients
undergoing an outpatient laparoscopic surgery.”
As we consider the effect of systemic lidocaine, an
intravenous lidocaine infusion can help contribute
to a shorter hospital stay while improving the
quality of recovery for patients undergoing a
laparoscopic colectomy.

Pertaining to neuropathic pain, fibromyalgia,
postamputation pain, pain from burns, and pain
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resistant to opiates, lidocaine has been suggested to
have an analgesic action that results from multiple
mechanisms including sodium channel blockade,
inhibition of G protein-coupled receptors, and n-
methyl-p-aspartate (NMDA) receptors.® A low dose
of intravenous lidocaine intraoperatively can reduce
the pronounced central hyperalgesia induced by
central sensitization of the mechano-insensitive
nociceptors that can lead to an analgesic effect
postoperatively.” A high dose of intravenous lido-
caine intraoperatively has a direct analgesic effect,
along with morphine-sparing effects; causes signif-
icant relief of postoperative pain; and leads to a
decrease in opioid consumption.” However, high
concentrations of lidocaine may cause side effects
such as restlessness, vertigo, tinnitus, accommoda-
tion disorder, slurred speech, skeletal muscle,
twitching, and drowsiness followed by seizures.'®
The side effects are dose-dependent as they are
more frequent with higher infusion rates (more than
3 mg/min)."” In this study, given a concern for a
toxic effect, lidocaine 1.5 mg/kg was injected as
bolus before intubation, followed by 2 mg/kg/h
continuous infusion during the operation. However,
there were no adverse reactions.

Systemic lidocaine has been proven to have a
postoperative analgesic effect after breast surgery,
spinal surgery, and an inguinal herniorrhaphy.®'*"”
Further, there are several studies that have reported
the effects of systemic lidocaine in patients who had
a laparoscopic colectomy. However, in a study by
TikuiSis et al, intravenous lidocaine was infused
both intraoperatively and postoperatively in pa-
tients undergoing a laparoscopic colectomy and
appeared to be effective for postoperative pain and
opioid consumption.'”” However, Koppert et al
indicated that a postoperative intravenous lidocaine
infusion had no analgesic effect and that only
intraoperative lidocaine has a postoperative analge-
sic effect. In addition, although reported in animal
studies, the threshold for a seizure effect with
lidocaine is increased with a volatile agent.'®"
Therefore, our study was designed to infuse
intravenous lidocaine intraoperatively to minimize
the duration of the lidocaine infusion.”

Our study noted the concentration of CRP as a
landmark for the severity of inflammation.** Addi-
tionally, group L showed a significantly lower CRP
level compared to that of group C until postoper-
ative day 2. Lidocaine has anti-inflammatory prop-
erties, blocks neutrophil accumulation at the injury
site, and reduces the release of inflammatory
mediators.® Moreover, a lidocaine infusion effective-
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ly inhibits the movement of neutrophils out of the
intravascular compartment into inflamed tissue
compared to that of glucocorticoids.?!

PONYV and pain are major components of patient
dissatisfaction while undergoing an elective sur-
gery”> PONV can contribute to delays in the
hospital discharge time and prolong the return to
daily life. Furthermore, 25-30% of patients under-
going elective surgery experienced PONV after an
elective surgery, and the rates can approach 60-80%
with preexisting risk factors.??> In other studies,
intravenous lidocaine had no effect on PONV.">*
Unlike previous studies, our result showed that
patients who had a lidocaine infusion had a lower
incidence of nausea compared to that of the control
group. This result might be because the total amount
of fentanyl, which can induce nausea, had been
significantly lower in group L. Moreover, the
satisfaction score in group L appeared higher than
that of group C that could be affected by both
nausea and pain. In terms of this result, systemic
lidocaine can be reviewed as an indirect factor in
controlling PONV.

In the study by Kaba et al, times to first flatus,
defecation and hospital discharge were significantly
shorter in patients who received lidocaine.'® Also, in
a study by TikuiSis et al, time to the first drink, time
to the first full diet and time to the first bowel
movement appeared significantly shorter in patients
who received lidocaine.'®> However, there were no
significant difference for LOS and RD between the
groups in our study. This different result between
our study and previous study might have been
induced by the different period of lidocaine infusion
(In the study by Kaba et al and TikuiSis et al,
lidocaine was infused both intraoperatively and
postoperatively). Although the result could not
prove the beneficial effect of lidocaine on LOS and
RD, we can surmise the safety of lidocaine infusion.

There were some limitations in our study. First,
no data were collected on pain score in preoperative
state, which can affect the VAS in the postoperative
state. The second limitation was the lack of a plasma
lidocaine concentration measurement. However, to
avoid lidocaine toxicity, we used a low-dose
lidocaine infusion. Moreover, no patient appeared
to have a toxic effect from the lidocaine. However,
there are some advantages of our study. To reduce
technical difference, all surgeries were performed by
a single surgical team. Further, the pain score was
assessed by one investigator to minimize inter-
individual error.
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In conclusion, a lidocaine infusion can be infused
safely and effectively to patients who are undergo-
ing a laparoscopic colectomy:.
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