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Abstract

Background. In Japan, endoscopic submucosal dissection
(ESD) for early gastric cancer (EGC) is performed by endos-
copists on patients under sedation. There is an increased risk
of anesthesia-related complications due to the higher sedative
doses required during lengthier ESDs, so we sought to deter-
mine whether a local pain control method could safely reduce
such doses.

Methods. Twenty EGC patients enrolled in this study received
local lidocaine injections during ESDs at our hospital (lido-
caine group; LG). Electrocardiography, heart rate, oxygen
saturation, and blood pressure were monitored during and
after the ESDs, along with the doses of midazolam and pen-
tazocine. Pain assessments were recorded for LG patients on
the day of their ESDs and the following day.

Results. The mean volume of lidocaine injection solution was
55.4 ml and the mean dose of lidocaine was 236 mg (range,
100-300 mg). The mean size of the resected specimens was
39.3 mm and mean procedure time was 66.0 min. There were
no lidocaine-related complications, and electrocardiography,
heart rate, oxygen saturation and blood pressure measure-
ments were normal. In comparison to 157 consecutive patients
(control group; CG), who had similar characteristics and had
undergone ESDs previously with submucosal injections of
conventional normal saline solution, the mean + SD pentazo-
cine dose of 15.8 + 10.3 mg in the LG was significantly lower
(P < 0.01) than the dose of 23.1 £+ 9.5 mg in the CG, and none
of the LG patients complained of abdominal pain on the day
of their ESDs, whereas such pain was reported by 17%
(27/157) of the CG.

Conclusion. Local lidocaine injections into the submucosal
layer were safe when administered during ESDs performed
on EGC patients under sedation.
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Introduction

Although endoscopic submucosal dissection (ESD) is
less invasive for early gastric cancer (EGC) than gas-
trectomy, the classical open surgical procedure, some
ESD patients suffer considerable postoperative pain.
Localized pain both during and after ESD for large
EGCs is probably caused by ulcer defects and/or electri-
cal thermal burns extending from the submucosal (sm)
layer to the serosa.

There is a problem not only with pain management
but also with sedation management during the ESD
procedure. In a previous report, 41% of ESDs took
longer than 1 h [1]. As a result of such increased proce-
dure times, therefore, higher doses of sedative drugs
such as midazolam have become necessary, and endos-
copists performing ESDs must be even more careful
about the depth of patient sedation, because deep
sedation can occur during endoscopic procedures [2].
Because there is an increased risk of anesthesia-related
complications with the higher sedative drug doses
required during lengthier ESDs, we decided to deter-
mine whether a local pain control method could safely
reduce such doses.

By controlling localized pain during ESD, we thought
that it might be possible to reduce the dose of the seda-
tive drug administered during the actual procedure. In
addition, administering local analgesia for pain during
ESD would amount to providing preemptive analgesia
for patient pain that might otherwise be experienced the
day after the procedure [3].

Local anesthesia is commonly used in surgery, includ-
ing laparoscopic surgery [4, 5], but there have been no
previous reports on the use of lidocaine for local pain
control either during or after ESD. This study intended
to assess the safety of local lidocaine injections into the
sm layer of EGC lesions in controlling localized pain
both during and subsequent to ESD procedures per-
formed on patients under sedation.
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Patients and methods

Patients

A total of 20 EGC patients were enrolled in this study
(lidocaine group; LG) between September 2005 and
April 2007 at the National Cancer Center Hospital in
Tokyo, Japan. These subjects were scheduled for gastric
ESDs based on endoscopic mucosal resection (EMR)
guideline criteria [6, 7] and had their given informed
consent before undergoing the procedures. Patients
with: (1) an allergy to lidocaine or other amide-type
local anesthesia; (2) severe liver disease, heart disease,
or renal dysfunction; (3) a gastric or duodenal ulcer; (4)
atherosclerotic disease; (5) hyperthyroidism; or (6) an
American Society of Anesthesiologists (ASA) physical
status higher than class 2 were excluded from the study.
This study was performed in accordance with the
Helsinki Declaration as revised in 1989.

ESD procedures

ESDs were performed following a standard protocol,
and procedure times were recorded for all LG patients.
Lesion margins were delineated beforehand by using
0.2% indigo-carmine dye spraying. After the marking
dots were made with a needle knife (KD-1L-1; Olympus
Medical Systems, Tokyo, Japan), 0.5% lidocaine solu-
tion was injected into the sm layer to lift the lesion. A
circumferential incision in the mucosa was then com-
pleted using the needle knife, an insulation-tipped knife
(IT knife; KD-610L, Olympus) [7-10], and a high-
frequency current electrical generator (ICC 200; ERBE,
Tubingen, Germany) and, finally, the thickened sm
layer was dissected using the same two endoscopic
knives.

Injection solutions

As previously noted, we used 0.5% lidocaine solution
consisting of 10 ml of Xylocaine Polyamp 1%, con-
taining 100 mg of lidocaine hydrochloride (HCI;
AstraZeneca, Osaka, Japan), 9.7 ml of normal saline,
0.2 ml of 0.4% indigo-carmine dye, and 0.1 ml of 0.1%

Table 1. Composition of injection solutions
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epinephrine (Table 1) for the LG in this study. The
maximum volume of 0.5% lidocaine solution per LG
patient was 60 ml, which contained 300 mg of lidocaine
HCI [11-13].

For the purpose of lifting an EGC lesion, the lido-
caine injection solution was injected into the sm layer
under and around the lesion, as determined by the
endoscopist, using a 23-gauge needle injection catheter
(NM-200L-0423; Olympus). Once the needle was
inserted into the sm layer, the endoscopist’s assistant
would aspirate the syringe, particularly for those patients
suffering from hypertension or diabetes mellitus,
thereby creating negative pressure. If no blood reflex
appeared, the assistant would begin injecting the solu-
tion and would stop when the lesion was sufficiently
lifted and became slightly blue in color, with the total
volume of the injection solution being recorded at that
time.

Patient monitoring during and following
ESD procedures

Electrocardiography, heart rate, oxygen saturation, and
blood pressure were automatically monitored during
and after each ESD; lidocaine-related complications
were recorded, as were any complications resulting
from the ESD itself, such as a perforation. In addition,
the patient’s white blood cell count and C-reactive
protein level were checked on the first day following the
ESD.

Sedation during ESDs

All ESDs on LG patients were performed following
standard sedation procedures. Sedation was induced
with 0.06 mg/kg of midazolam. Incremental 2-mg doses
of midazolam were given if a patient demonstrated signs
of discomfort, restlessness, or agitation, or responded
to verbal commands. When additional midazolam was
ineffective, 15 mg of pentazocine was infused as an
analgesic agent. Each patient received oxygen by nasal
cannula from the start of the ESD for a maximum
period of 3 h after the procedure.

Lidocaine solution

Conventional solution

1% Lidocaine (ml) 10 0
(Lidocaine 100 mg/10 ml)

Normal saline (ml) 9.7 19.7

0.4% Indigo-Carmine (ml) 0.2 0.2

0.1% Epinephrine (ml) 0.1 0.1

Lidocaine concentration (%) 0.5 0

Maximum lidocaine injection 300 mg/60 ml
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Table 2. Results
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Lidocaine group (LG)

Number

Sex
Male
Female

Injection solution
Mean injection volume (ml)
Lidocaine, mg
(range)

Laboratory data (day 1)
Mean +/- SD white blood cell count
C-Reactive protein (g/dl)

Abnormality in monitoring
Electrocardiography
Heart rate
Oxygen saturation
Blood pressure

Complications
Lidocaine-related
Intoxication
Convulsion
Arrhythmia
Respiratory
Perforation

20

16
4

55.4
236
(100-300)

8700 £ 2100
0.8+0.7

SO OoO O

(=N eleNeNo)

In assessing the necessity for sedative drugs, we ret-
rospectively compared the doses of midazolam and
pentazocine during ESDs performed on the 20 LG
patients with the doses used in 157 other consecutive
EGC patients who had previously received conven-
tional sm injections during ESDs, as a historical control
group (control group; CG). The ESDs in the CG
patients, whose clinical characteristics matched those
of the LG patients, had been performed between
January and August 2005, with the patients under seda-
tion, as these CG patients also met the EMR guideline
criteria. Their conventional sm injections consisted of
a solution of 19.7 ml of normal saline, 0.2 ml of 0.4%
indigo-carmine dye, and 0.1 ml of 0.1% epinephrine
(Table 1).

Evaluation of abdominal pain after ESD

In evaluating the efficacy of pain control, a written ques-
tionnaire about the absence or presence of abdominal
pain (no pain, mild pain without painkiller, or severe
pain with painkiller) was distributed to each patient in
the LG, to be completed on the day of the ESD after
the procedure, and on the next day. We then proceeded
to retrospectively determine the absence or presence of
abdominal pain for each CG patient at the same two
points in time as those in the LG, based on complete
medical records. Finally we also identified those patients
in each group who either received a painkiller (pain [+])
or did not receive a painkiller (pain [-]) after their
procedures.

Statistical analysis

Values for all variables in this study are expressed as
means = SD. In comparing baseline characteristics
between the two groups, we used a t-test for continuous
variables, with the y* or Fisher test for dichotomous
variables. All statistical analyses were performed using
the Statistical Package for the Social Sciences (SPSS)
program (SPSS, version 8.0 for Windows; Tokyo, Japan).
The P values were two-sided, and P < 0.05 determined
statistical significance.

Results

The mean volume of lidocaine injection solution was
554 ml and the mean dose of lidocaine was 236 mg
(range, 100-300 mg; Table 2). There were no electro-
cardiography, heart rate, oxygen saturation, or blood
pressure abnormalities recorded, nor were there any
episodes of lidocaine intoxication, including respiratory
depression or hypotension, convulsion, or arrhythmia,
such as cardiovascular collapse or bradycardia. The
mean = SD white blood cell counts and C-reactive
protein values on the first post-procedure day were
8700 + 2100 cells/mm’ and 0.8 + 0.7 g/dl, respectively.

Pain evaluation in comparison with historical
control group

In our comparison of LG patients with the CG as a
historical control, there were no significant differences
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Table 3. Comparison with historical control
Lidocaine group Control group P value

Number 20 157
Age, years (mean £ SD) 69.4+72 66.7£9.4 NS
Resection size, mm (mean = SD) 393+11.6 36.3+8.3 NS
Sedating agents

Midazolam, mg (mean + SD) 9.7+32 10.3 £ 4.6 NS

Pentazocine, mg 15.8£10.3 23.1+95 <0.01
Procedure time (min) 66.0 £36.9 61.0 £30.7 NS
Post-ESD pain
Day 0

Pain (-) 20 (100%) 130 (83%)

Pain (+) 0 27 (17%) <0.05
Day 1

Pain (-) 18 (90%) 95 (61%)

Pain (+) 2 (10%) 62 (39%) <0.05

NS, not significant

in clinicopathological characteristics between the two
groups. The mean + SD size of the resected specimens
was 39.3 £ 11.6 mm in the LG and 36.3 + 8.3 mm in the
CG, while the mean + SD ages were 69.4 + 7.2 years and
66.7 £ 9.4 years, respectively (Table 3). The mean = SD
doses of midazolam were 9.7 £ 3.2 mg and 10.3 £ 4.6 mg
in the LG and CG, respectively (difference not signifi-
cant [NS]), but the mean = SD dose of pentazocine in
the LG was significantly lower than that in the CG,
at 15.8 £ 10.3 mg and 23.1 + 9.5 mg, respectively (P <
0.01).

All of the LG patients completed the questionnaires
regarding the absence or presence of abdominal pain on
the day of the ESD following the procedure, as well as
the next day. None of the LG patients complained
of abdominal pain immediately following their ESDs,
whereas abdominal pain that required a painkiller
occurred in 17% (27/157) of the CG patients (P < 0.05).
On the day after their ESDs, 2 (10%) of the LG patients
complained of abdominal pain requiring a painkiller,
whereas abdominal pain that necessitated a painkiller
occurred in 39% (62/157) of the CG patients (P <
0.05).

Discussion

Based on the results of this pilot study, local lidocaine
injection into the sm layer was demonstrated to be safe
during ESDs for EGC patients under sedation. The
safety and efficacy of lidocaine as preemptive analgesia
has already been assessed and proven in the surgical
field, particularly with respect to laparoscopic surgery,
and it is now commonly accepted that local anesthesia
is effective during certain surgical procedures, and it is
used accordingly [14-17]. Although lidocaine has gener-
ally been associated with a number of adverse reactions,

such as respiratory depression, hypotension, convul-
sion, and arrhythmia, including cardiovascular collapse
and bradycardia [18], there were no such complications
observed in the present study. All the results related to
complications, as well as the laboratory data, indicated
that local lidocaine injection into the sm layer could be
used safely during ESDs for EGCs performed under
sedation.

ESD produces higher rates of en-bloc resections and
tumor-free margins compared to conventional EMR.
As a result, it has been proposed as the gold standard
treatment for EGC, because it facilitates more accurate
histological assessment and reduces the risk of tumor
recurrence [19-21]. At the present time, the indications
for ESD are in the process of being expanded; this will
make it possible for even more EGC patients to be
successfully treated without having to undergo open
surgery.

ESD for large tumors is usually a prolonged proce-
dure requiring higher doses of sedative and pain-control
drugs such as midazolam and pentazocine, but there
have been no published reports as yet addressing the
problem of epigastric pain associated with ESDs. In our
study, patient abdominal discomfort was considerably
lower in the LG, most likely because of the immediate
local anesthesic effect of lidocaine, as evidenced by the
significantly lower mean total dose of pentazocine.

Preemptive analgesia is defined as preventing or
reducing the memory of nociceptive stimuli in the
central nervous system, utilizing analgesic methods per-
formed prior to such nociceptive stimuli, with a resul-
tant decrease in the need for postoperative analgesics.
Recent research on postoperative pain control has led
to the development of the concept of preemptive anal-
gesia, in which pain management begins at the preop-
erative stage so as to decrease the severity of pain in the
postoperative period, by applying analgesic methods



146

before the onset of nociceptive stimuli [13, 22-24].
Based on this conceptual approach, local anesthesia can
also have a preemptive analgesic effect, so it is likely
that in the LG patients in our study the lidocaine injec-
tions had elevated their pain thresholds after comple-
tion of their ESDs. This, in turn, resulted in these
patients not complaining of abdominal pain on the day
of their procedures, and having fewer pain-related com-
ments and milder pain on the day after the procedure.

The mean dose of midazolam required in the LG was
lower than that in the CG, although the difference was
not statistically significant, but the mean dose of pen-
tazocine in the LG was significantly lower than that
in the CG. This suggests that local lidocaine injection
could reduce the amount of pentazocine required by
locally controlling a patient’s pain perception, thus
resulting in less patient movement and fewer delays in
the ESD caused by such movement. Fewer delays and
less time spent administering sedative and pain-control
drugs during a lengthier ESD procedure, combined with
an actual reduction in the doses of such drugs, could
reduce the risk of respiratory and other drug-related
complications caused by oversedation.

In our study, none of the LG patients reported any
abdominal pain on the day of their ESDs, indicating the
probable effectiveness of local lidocaine injections for
pain control during and immediately after ESD. Given
lidocaine’s characteristic feature of controlling pain for
a only a short period, its local injection into the sm layer
appears to be an effective method for pain management
during and immediately following ESD, but further
investigation of other longer-acting local analgesics is
recommended.

Our investigation was a small pilot study of a
lidocaine-treated group that was retrospectively com-
pared to a considerably larger historical control group.
A randomized control study will be necessary in the
future to reliably assess the effectiveness of the particu-
lar technique that we have described. While the assess-
ment and measurement of pain are very important
considerations for both patients and physicians, pain
tolerance varies greatly among patients, so further
investigation will be required in accordance with the
basic philosophy of preemptive analgesia.

In conclusion, local lidocaine injections into the sm
layer during ESDs in EGC patients under sedation are
safe. This study indicated that such lidocaine injections
have a beneficial effect on local pain control during
ESDs and in the immediate post-procedure period.
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