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Abstract

Background The preemptive intravenous and intraperi-

toneal application of local anesthetics is known to improve

the postoperative outcome in abdominal surgery. The aim

of this study was to compare the analgesic effect of intra-

venous lidocaine injection to that of intraperitoneal lido-

caine instillation in patients who were undergoing

laparoscopic appendectomy (LA).

Method Sixty-eight patients who were undergoing LA for

unperforated appendicitis were randomly divided into three

groups. Group IP (the intraperitoneal instillation group)

received intraperitoneal instillation of lidocaine and intra-

venous normal saline injection. Group IV (the intravenous

injection group) received intravenous lidocaine injection

and intraperitoneal instillation of normal saline. In group C

(the placebo control group), normal saline was given both

intravenously and intraperitoneally. The visual analog scale

(VAS) of pain scores was measured after surgery. The

needs for additional intravenous fentanyl were evaluated

and the integrated fentanyl consumption (PCA deliv-

ered ? additional fentanyl) was assessed. The incidence of

shoulder tip pain and postoperative nausea and vomiting

(PONV) were noted.

Results Reduction of the VAS score and of fentanyl

consumption was noted in the IV and IP groups and

compared to that of group C (P \ 0.05). The shoulder tip

pain and PONV were reduced in groups IP and IV com-

pared to that in group C (P \ 0.05). However, no signifi-

cant differences were found between the IP and IV groups

for all the studied variables. There was no adverse effect

from intravenous lidocaine throughout the study.

Conclusion Intravenous lidocaine injection is as effective

as intraperitoneal instillation for reducing pain and fentanyl

consumption. The major benefit of intravenous injection is

that this is an easily and universally applicable procedure

compared to that of intraperitoneal instillation. Lidocaine

intravenous administration is a better alternative for reducing

the pain of patients who are undergoing laparoscopic surgery.

Keywords Anesthesia � Appendix � Pain �
Pneumoperitoneum

Laparoscopic surgery has had improved outcomes compared

to those of conventional open procedures in terms of quicker

recovery, less postoperative pain, better cosmesis, and, in

some cases, less morbidity [1–3]. Despite the brief recovery

time and the generally good result compared to the open

technique, the effect of peritoneal irritation by the desiccated
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gas used for pneumoperitoneum is underestimated and this

leads to aggravated peritoneal and referred postoperative

pain [2, 4–6]. Various methods of pain control have been

attempted because better pain control could enhance the

advantages of laparoscopic techniques and facilitate earlier

discharge and better patient satisfaction.

Preemptive analgesia (i.e., the administration of drugs

that modulate the development of the nociceptive process

before the pain stimuli appear) is used to control postop-

erative pain and minimize opioid consumption and the

development of subsequent complications. Tissue and

peripheral nerve injury leads to a local inflammatory

reaction accompanied by increased levels of proinflam-

matory cytokines, which induce peripheral and central

nervous system sensitization that leads to hyperalgesia [7].

Many clinical studies have demonstrated the inhibitory

effect of preemptive analgesia on the development of post-

traumatic hyperalgesia, and this results in the reduction of

postoperative pain and the total analgesic requirement [8,

9]. It is known that intraperitoneal instillation of local

anesthetics before laparoscopic procedures reduces post-

operative pain, analgesic requirement, and stress response,

and it lengthens the period to the first postoperative anal-

gesic requirement [9–11]. However, spraying lidocaine

during a laparoscopic procedure to reduce postoperative

pain can be an addition to the workload of a surgeon,

especially when the operation is a complicated one.

An alternative approach to reduce postoperative pain

and thus accelerate recovery after an operation is intrave-

nous lidocaine. Intravenous lidocaine has analgesic, anti-

inflammatory, and antihyperalgesic properties that have

been reported to reduce postoperative pain [12–15]. The

drug’s benefits are enhanced by its low cost and easy

accessibility and safety [16]. The aim of this study was to

compare the analgesic effect of intravenous lidocaine

infusion with that of intraperitoneal lidocaine instillation.

Materials and methods

Patients

The study protocol was approved by the local ethics com-

mittee and the study was registered in the Australian New

Zealand Clinical Trial Records (ACTRN12610000649011).

This study was carried out according to the principle of the

Declaration of Helsinki 2000, and written informed consent

was obtained from all the participants before inclusion in

the trial.

A total of 83 consecutive patients (age range = 18–65)

who underwent laparoscopic appendectomy (LA) for

unperforated appendicitis at Chung-Ang University Hos-

pital, Seoul, Korea, between March 2009 and December

2009 were considered eligible for the study. The exclusion

criteria were a body weight below 45 kg or greater than

100 kg, a history of severe underlying cardiovascular,

pulmonary, renal, or hepatic disease, and an allergic reac-

tion to local anesthetics. The decision to enroll or exclude a

patient was made by the investigator, who did not other-

wise participate in conducting the study or collecting data.

Study design and randomization

This is a randomized, double-blinded, placebo-controlled

study. Randomization into one of the three groups was

based on Excel (Microsoft Corp., Redmond, WA) random-

number generation. The details of the series, which were

generated by a statistician who did not otherwise participate

in this study, were unknown to the investigators and the

patients, and the numbers were contained in a set of sealed

envelopes. After admitting the patient into the operating

room and just before the induction of anesthesia, the num-

bered envelope was opened and the card inside determined

into which group the patient would be placed. In order to

keep the surgeon and the anesthesiologist ‘‘blind’’ to the

patient’s group, the patients were given lidocaine or normal

saline as placebo, unlabeled, by an investigator who read

the card. The anesthesiologists were given 0.55 ml/kg of

1% lidocaine or normal saline of the same volume for

intravenous injection. The surgeons were given 1.75 ml/kg

of 0.2% lidocaine (3.5 mg/kg) or the same volume of nor-

mal saline for intraperitoneal instillation.

The patients were divided into three groups according to

the intravenous and intraperitoneal solutions given. The

patients assigned to group IP (the intraperitoneal instillation

group) received intraperitoneal instillation of 3.5 mg/kg

lidocaine at the initiation of the pneumoperitoneum and

intravenous normal saline injection. Those in group IV (the

intravenous injection group) were given an intravenous

bolus injection of 1.5 mg/kg lidocaine followed by a con-

tinuous infusion of 2 mg/kg/h and normal saline intraperi-

toneal instillation. For the patients who were assigned to

group C (the placebo control group), intravenous normal

saline was given and intraperitoneal instillation of normal

saline was applied.

Two investigators who were blinded to the details of the

study collected the postoperative data. Oral intake of solid

food was started as soon as the patients could tolerate it and

when bowel function became adequate. Patients were dis-

charged as soon as they were adequately ingesting food

orally and they were mobile.

General anesthesia

All the patients were transferred to the operating room with-

out premedication. Anesthesia was induced with intravenous
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thiopental (5 mg/kg) and rocuronium (0.6 mg/kg). The tra-

chea was intubated and ventilation was adjusted to keep the

end tidal CO2 between 35 and 40 mmHg. Anesthesia was

maintained using 2–3% sevoflurane and 50% nitrous oxide in

oxygen. Noninvasive arterial blood pressure, electrocardi-

ography, and pulse oximetry were monitored continuously.

Lactated Ringer’s solution (3–6 ml/kg/h) was infused

throughout surgery. No additional intravenous opioids were

injected.

Surgical technique

All the operations were carried out by the same surgical

team. The patient was placed in a slight Trendelenburg

position. The insufflation pressure was automatically regu-

lated and maintained at 12–15 mmHg. LA was performed

using a two-handed, three-trocar technique. A 10-mm sub-

umbilical port was introduced for the 5-mm-diameter tele-

scope. Subsequently, 5-mm ports were placed in the

suprapubic region and in the right upper quadrant. The

telescope was then shifted to the 5-mm port in the right upper

quadrant. The mesoappendix was dissected using a dissector

and it was ligated using a hemoclip. The appendix was

ligated twice with a 3-0 Vicryl loop at its base and then it was

divided. To avoid contamination, the appendix was removed

in a laparoscopic retrieval bag. The appendectomy site was

washed at the end of surgery with a small volume of saline

(100–200 ml) to evacuate any hematoma and other debris.

Intraperitoneal and intravenous solutions

Intraperitoneal instillation of lidocaine solution (total

instillation dose: 3.5 mg/kg) or placebo solution was

administered as follows. Immediately after the creation of

the pneumoperitoneum and 10 min before beginning sur-

gery, the surgeon sprayed one quarter of the total solution on

the upper surface of the liver under the right subdiaphrag-

matic space and another one quarter of the total solution

under the left subdiaphragmatic space. In order to allow the

sprayed solution to diffuse under the diaphragmatic space,

the Trendelenburg position was maintained for about 2 min.

After the Trendelenburg position was withdrawn, an addi-

tional half of the total solution was sprayed around the

appendectomy site. This was performed using the catheters

inserted into the subumbilical area and the right upper

quadrant trocars under direct laparoscopic control.

The patients in group IV received an intravenous bolus

injection of lidocaine (1.5 mg/kg) 2 min before orotracheal

intubation, followed by continuous intravenous infusion at

2 mg/kg/h during the operation. The patients in groups C

and IP received the same amount of intravenous normal

saline as placebo.

Postoperative pain control

To control postoperative pain, intravenous fentanyl with a

computerized intravenous patient-controlled analgesia

(PCA) system (Automed 3300TM, ACE Medical Corp.

Ltd., Seoul, Republic of Korea) was used. The mode of

PCA was a bolus of 0.1 lg/kg, a lockout interval of 15 min,

and a continuous infusion of 0.1 lg/kg/h (total regimen:

10 lg/kg/100 ml). The patients were taught to push the

button of the PCA system to get a bolus of drug each time

pain occurred. In the case of persistent pain greater than a

visual analog scale (VAS) pain score of 30 mm, an addi-

tional 50 lg of fentanyl was injected intravenously by the

investigator until the pain was relieved to a level below a

VAS pain score of 30 mm. No other analgesics such as

NSAIDs or acetaminophens were included.

The studied variables

For each patient, the age, gender, the American Society of

Anesthesiologists (ASA) physical status, the duration of

anesthesia (from injection of thiopental to extubation), and

the duration of the operation (from skin incision to closure)

were recorded. The primary outcome measure of the study

was the VAS pain score (0–100 mm), which was measured

by an investigator who was blind to the study. The VAS was

measured at 2, 4, 8, 12, 24, and 48 h after surgery. Addi-

tional analyses were performed with regard to fentanyl

consumption, the incidence of shoulder tip pain, and the

frequency of postoperative nausea and vomiting (PONV).

The need for additional intravenous fentanyl was eval-

uated and the integrated fentanyl consumption (PCA

delivered ? additional fentanyl) was assessed at the same

time intervals for each patient. The total amount of injected

fentanyl for the postoperative period was compared

between the groups.

In addition, time values that represented the recovery

rate were collected from each patient; these included the

time of first flatus, the time of first ingesting a regular diet,

and the length of the hospital stay.

Statistical analysis

To estimate the group size, we conducted a pilot study to

measure the VAS pain score at 2 h after surgery in ten

patients who received normal saline intraperitoneally and

intravenously. The standard deviation of the VAS pain

score in this group was 21 mm. For our power calculation,

we assumed an equal standard deviation in group IP and

group IV. We wanted to be able to show a difference of

20 mm in the VAS pain score at 2 h after surgery among

the groups. With a = 0.05, two-tailed, and a power of

80%, we needed 22 patients per group. Considering a
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compliance rate of 80%, we asked 83 patients to participate

in this study.

For intergroup comparisons, the distribution of the data

was first evaluated for normality using the Shapiro–Wilk

test. The normally distributed data are presented here as the

mean ± standard deviation, and groups were compared

using analysis of variance and a post hoc Tukey test. The

non-normally distributed data are expressed as medians

(interquartile range) and it was analyzed using the Krus-

kal–Wallis test with Bonferroni’s correction. The lidocaine

consumption between group IV and group IP was com-

pared using Student’s t-test.

Descriptive variables were subjected to v2 analysis or

Fischer’s exact test, as appropriate, and P \ 0.05 was

considered statistically significant. Pearson’s correlation

coefficient was used to measure the correlation between the

VAS pain score and fentanyl consumption. The data in the

figures is mean ± standard error. Statistical analysis was

performed using SPSS 15.0 (SPSS Inc., Chicago, IL).

Results

There were no differences among the groups in terms of

age, BMI, ASA class, duration of anesthesia, and the

operation time (Table 1). There were no differences

between groups IP and IV with respect to the amount of

used lidocaine.

Of the 83 patients who were eligible for the study from

March 2009 to December 2009, 6 patients refused to par-

ticipate and 9 patients were excluded because they suffered

from morbid obesity, cardiac, pulmonary, and/or hepatic

disease, or were allergic to anesthetics. Of the 68 patients

remaining, 21 were randomized to group C, 25 to group IP,

and 22 to group IV (Fig. 1).

The results of the VAS pain scores are shown in Fig. 2.

Despite the administration of rescue analgesic, the VAS

pain score in group C was above 30 mm until 8 h. There was

a significant reduction of pain scores between 2 and 12 h in

group IP compared with that of group C (P \ 0.05). The

VAS was lower in group IV than that in group C until 8 h

(P \ 0.05). No significant differences were seen between

groups IP and IV at all the time intervals. In all the groups,

the pain gradually diminished during the time sequence.

In all the time periods, the fentanyl consumption was

significantly higher in group C than that in groups IP and

IV (Fig. 3). Fentanyl consumption was slightly lower in

group IP than in group IV; however, there were no sig-

nificant differences between the two groups. The amount of

fentanyl consumption was significantly less in groups IP

and IV than in group C, and significantly less in group IP

than that in group IV (Fig. 4).

Shoulder tip pain was reduced a great degree in groups

IP and IV compared to that of group C (P \ 0.05). No

significant difference of shoulder pain was found between

groups IP and IV (Table 2). In general, the VAS pain score

correlated well with fentanyl consumption (q = 0.323,

P \ 0.001).

Nausea was less frequent in groups IP and IV than that

in group C, but this was not statistically significant

(Table 2). The length of hospital stay, time to first flatus,

and time to resuming a regular diet were slightly decreased

in groups IV and IP, but there was no significant difference

among all the groups.

Discussion

This study demonstrated that preemptive intraperitoneal

lidocaine instillation and intravenous lidocaine injection

significantly reduced postoperative pain and opioid con-

sumption compared to control in LA patients. The VAS

pain scores were lower in groups IP and IV than in group C

during the overall estimated time. None of the patients was

Table 1 Demographic data

Group C (n = 21) Group IP (n = 25) Group IV (n = 22) P value

ASA 1/2/3 (n) 15/3/3 17/5/3 18/3/1 0.775

Age (years) 32.0 (22.0–46.5) 32.0 (23.5–46.5) 38.5 (30.5–49.3) 0.420a

Gender M/F (n) 10/11 14/11 9/13 0.584

BMI (kg/m2) 23.9 ± 2.7 24.1 ± 2.4 22.9 ± 2.5 0.231

Anesthesia time (min) 64.0 (57.0–76.5) 63.0 (57.0–72.5) 70.0 (64.5–74.3) 0.224a

Operation time (min) 50.0 (45.0–58.0) 50.0 (46.5–56.5) 55.0 (50.0–61.3) 0.113a

Lidocaine (mg) – 232.8 ± 28.4 240.3 ± 35.2 0.424

ASA American Society of Anaesthesiologist physical status; BMI body mass index

Values are expressed as mean ± SD, except for gender and ASA grade which are number of patients
a Kruskal–Wallis test was used and expressed as median (interquartile range) because of abnormal distribution. No significant differences

between groups
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excluded from the study because of undesirable surgical

outcomes or patient intolerance. To the best of our

knowledge, this is the first study that has compared the

postoperative pain outcomes of intraperitoneal instillation

of lidocaine and intravenous injection of lidocaine in

patients who underwent laparoscopic surgery.

The number of laparoscopic procedures performed has

been rapidly increasing because of their reduced inva-

siveness and the reduced peritoneal injury and tissue

trauma [2]. Notwithstanding the merit of minimal inva-

siveness, laparoscopic surgery is certainly not pain free. In

a recent randomized controlled trial, laparoscopic

procedures were reported to cause more intense pain during

the immediate postoperative period [17]. Pain remains a

major morbidity, which leads to increased consumption of

analgesics, delayed bowel function, and subsequent com-

plications. Furthermore, the requirement for rescue anal-

gesics increases the need for costly medical attention and

the length of the hospital stay, especially in patients who

undergo LA, which is performed on a day-case basis or

fast-track basis for which early postoperative pain relief is

imperative. There have been few studies on LA, which may

be explained by the fact that the pain after LA is less severe

than that after other laparoscopic procedures and so this

Fig. 1 Consort diagram of study

Fig. 2 VAS pain score. Values are expressed as mean ± SE.

*P \ 0.05, comparison between group C and group IP; �P \ 0.05,

comparison between group C and group IV

Fig. 3 Fentanyl consumption. Values are expressed as mean ± SE.

*P \ 0.05, comparison between group C and group IP; �P \ 0.05,

comparison between group C and group IV
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attracts less attention by investigators. However, it has

been reported that procedures commonly considered rou-

tine, such as LA, were rated to be especially painful by the

patients [18]. This study showed an elevated VAS score in

group C above 30 mm until 8 h, which means there was

significant postoperative pain even for LA.

Various attempts have been made to reduce the post-

operative pain of laparoscopic surgery, including intra-

peritoneal instillation [19], preincisional infiltration [20],

intraperitoneal nebulization [21], epidural administration,

and continuous intravenous infusion of local anesthetics

[16]. Many clinicians have demonstrated that intraperito-

neal instillation of local anesthetic reduces postoperative

pain and the need for analgesic medications [22–24]. A

recent meta-analysis reported that preemptive intraperito-

neal instillation of local anesthetic can be recommended,

which is in line with the concept that the operative period is

of particular importance for the pain sensitization process

[25, 26]. However, it is always a burden to perform extra

procedures and to maintain constant instillation under cir-

cumstances of panperitonitis, loculated peritoneal fluid

collections, and whenever analogous environments are

present in the operation field.

Intravenous administration of lidocaine is easy, safe, and

inexpensive. The analgesic effect of systemic lidocaine is

biphasic. It has a peripheral suppression effect on acute

chemically induced pain [27, 28], and also a central anti-

hyperalgesic effect [29, 30]. Its modes of action have been

studied and it is assumed that systemic lidocaine mediates

various actions, including sodium channel blockade [14],

muscarinic receptor blockade [31], N-methyl-D-aspartate

(NMDA) receptor blockade [32] and inhibition of poly-

morphonuclear leukocyte priming and activation [33].

The local macrophages control the increased levels of

cytokines in injured tissue, and these cytokines magnify the

pain and cause hyperalgesia. For treating this phenomenon,

the administration of systemic lidocaine can simply reduce

pain by its cytokine-modulating properties. Moreover,

previous studies have shown that the conduction velocities

in mechanosensitive and insensitive nociceptors, which are

mediated by and involved in hyperalgesia, and the axon

flare reaction are profoundly decreased under a lidocaine

environment by way of the drug’s sodium channel sup-

pression-supporting analgesic effect [34, 35]. Lidocaine

also reduces NMDA and neurokinin receptor-mediated

postsynaptic depolarization, which plays a major role in

central analgesics [32, 36].

Perioperative continuous low-dose intravenous infusion

of lidocaine (2–3 mg/min) has been studied by Groudine

and Koppert [12, 13]. These previous studies emphasized

its benefits such as an early return of bowel function and

reduction of pain and opioid consumption. In those studies,

the plasma lidocaine concentration was monitored and low-

dose intravenous lidocaine injection did not approach the

toxic level throughout the study, and there were no side

effects. The safety of low-dose intravenous lidocaine was

also shown in a meta-analysis that reported no toxicity in

any trials [15]. Although there is no standard protocol in

these earlier studies, the dosage and the duration of lido-

caine injection differed mainly in the postoperative period.

Its preoperative and intraoperative doses were similar in

Fig. 4 Total amount of fentanyl consumption. Values are expressed

as mean ± SE. *P \ 0.05, comparison between group C and group

IP; �P \ 0.05, comparison between group C and group IV; �P \ 0.05

comparison between group IV and group IP

Table 2 Adverse events

Group C (n = 21) Group IP (n = 25) Group IV (n = 22) P value

PONV 5 (23.8) 2 (8.0) 2 (9.1) 0.226

Shoulder tip pain 11 (52.4) 4 (16.0)* 3 (13.6)* 0.005

Time to BM 1.0 (1.0–1.0) 1.0 (0.5–1.0) 1.0 (0.0–1.0) 0.323

HD 2.0 (2.0–2.0) 2.0 (2.0–2.0) 2.0 (1.8–2.0) 0.954

RD 1.0 (1.0–1.0) 1.0 (1.0–1.0) 1.0 (1.0–1.0) 0.256

PONV postoperative nausea and vomiting; BM bowel movement; HD hospital days; RD regular diet start

All values are expressed as median (interquartile range), except for PONV and shoulder tip pain which are number of patients (proportion)

* P \ 0.05 compared with group C
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the previous studies because of the consensus that lido-

caine, as an intervening analgesia in the preoperative and

intraoperative periods, is significant. We also investigated

the preoperative and intraoperative effects of lidocaine in

this study.

Our results indicated that both intraperitoneal instillation

of lidocaine and intravenous lidocaine injection provided

clinical benefits in terms of the postoperative factors. Still,

there are some points to be considered when using intra-

peritoneal instillation of lidocaine in a patient with an intra-

abdominal infection like acute appendicitis. Although the

primary cause of the intra-abdominal infection is removed

and controlled, pelvic instillation entails the risk of

changing a localized infection to generalized peritonitis.

When considering the clinical conditions, intravenously

injecting analgesics would probably be better than intra-

peritoneal instillation in the setting of serious intra-

abdominal inflammatory conditions.

The weakness of this investigation is the lack of com-

parison of the plasma lidocaine concentrations between

groups IP and IV. Therefore, although apparent observa-

tional comparisons were possible, the absorption rate of

intraperitoneally instilled lidocaine and its systemic effect

added to the local effect in group IP, compared to the

systemically injected lidocaine in group IV, could not be

investigated. A large-scale investigation will be required to

assess the pharmacodynamic properties, which could be

useful in determining which delivery method is superior

and may well lead to discovering a better protocol.

The proper and superior method for intravenous delivery

is not yet established. In previous studies, when lidocaine

was injected in large toxic bolus infusions, a direct anal-

gesic and morphine-sparing effect was observed, and

continuous low-dose lidocaine infusions were shown to be

beneficial only in postoperative properties failing in pain

reduction [12, 16]. Therefore, in our study, in order to

achieve a lasting analgesic effect and favorable postoper-

ative outcomes, both bolus and continuous injection of

lidocaine were used.

Another limitation of this study is that we excluded the

patients with comorbidities. Therefore, the results cannot

be extrapolated to all patients, nor can rare complications

be completely ruled out.

An interesting point of this study is that intravenous

lidocaine reduced the incidence of shoulder tip pain as well

as did intraperitoneal lidocaine. Because the proposed

cause of shoulder tip pain in laparoscopic procedures is

diaphragmatic stretching with phrenic nerve neuropraxia

[23, 37], it is not strange that intraperitoneal instillation of

local anesthetic has been shown to effectively reduce

shoulder tip pain. The effect of intravenous lidocaine on

shoulder tip pain was previously not known. However, this

result implies that the development of shoulder tip pain can

be blocked by a systemic mechanism and not just by a

peripheral block (diaphragm and phrenic nerve) alone.

Conclusion

In the US, many patients routinely receive a bolus of

lidocaine injection prior to the administration of IV pro-

pofol. In spite of its popular use, the consequences of its

use were neglected for a considerable time. Lidocaine

administration in laparoscopy settings reduces postopera-

tive pain when given either intravenously or intraperito-

neally. Intraperitoneal instillation of lidocaine provides a

significant reduction of pain and the requirement for

postoperative analgesia without complications. However,

the burden of an additional procedure during surgery and

the probable risk for peritoneal contamination in patients

with grave inflammation may be factors that limit its use.

We demonstrated that preemptive administration of intra-

venous lidocaine injection is as effective as intraperitoneal

instillation for reducing fentanyl consumption. The mag-

nitude of pain reduction with intravenous lidocaine was

equivalent to that of intraperitoneal instillation of a similar

dosage without any adverse effects throughout the study.

The major benefit of intravenous injection is that the steps

of this procedure seem much easier and universally appli-

cable regardless of the intra-abdominal condition, com-

pared to that of peritoneal instillation.

We conclude by recommending that intravenous

administration of lidocaine is not only effective, but is also

a safe procedure and it can be a better alternative for

reducing the pain of patients who are undergoing laparo-

scopic surgery.
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