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Fig. 3 Transcutaneous partial pressure of carbon dioxide (PtcCO,) and oxygen saturation (SpO,) measurements. The PtcCO, and SpO,
measurements were similar in the two groups, but the CO, group was better than the air group in PtcCO, elevation and minimum SpO,

maximum PtcCO, was 72 mmHg in the CO, group and
74 mmHg in the air group (NS) (Table 3). None of the
cases in either group involved an SpO, level lower than
90% that continued for more than 1 min, and no harmful

Table 3 Maximum transcutaneous partial pressure of carbon dioxide
(PtcCO,) and minimum oxygen saturation (SpO,)

CO, Air p Value
(n = 45) (n =44)

Maximum PtcCO, >60 mmHg" 5 5 NS
Median duration: min (range) 12 (6-166) 35 (10-148) NS
Maximum PtcCO, (mmHg) 72 74 -

Minimum SpO, <90%" 0 0 NS
Median duration: min (range) - - -
Minimum SpO, (%) 91 88 -

4 >5-min duration
® >]-min duration

oxygenation effects occurred. Temporary SpO, depression
lower than 90% for less than 1 min resulted from the
aspiration of two patients in the air group, but the condition
subsequently improved and did not impair treatment
(Table 3).

No adverse effects were caused by CO, insufflation in the
CO; group. Perforations involving CO, insuffiation occur-
red in three cases including two esophageal ESD cases and
one gastric ESD case, but x-rays did not show any subcu-
taneous or mediastinal emphysema or pneumoperitoneum.
As for the three patients in the CO, group with perforations,
histopathologic examinations of the one gastric ESD patient
showed a well-differentiated intramucosal adenocarcinoma
located in the cardia, and the two esophageal ESD patients
had SCCs within the lamina propria mucosae located in
either the middle or lower thoracic esophagus. Antibiotics
were administrated for all three patients over 3 to 5 days.
Oral diet intake was started on either postoperative day 2 or
4, and each patient was discharged on postoperative day 6

2} Springer
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without any invasive intervention, as is the usual course for
gastric and esophageal ESD patients at our hospital. All the
CO, group procedures were completed without delays, and
none of the 45 CO, insufflation patients required extended
hospitalization.

Discussion

To the best of our knowledge, this is the first study to
investigate the safety of CO, insufflation in lengthy upper
GI tract ESD procedures for patients under deep sedation.
The results of our study indicate that CO, insufflation can
be used as safely as air insufflation without any adverse
effects by continuous monitoring of PtcCO, and SpO,
during both esophageal and gastric ESDs.

Bretthauer et al. [4, 6] reported no significant observed
difference in PtcCO, elevation between air and CO,
insufflation groups during ERCP with deep sedation, and
no significant increase in end-tidal CO, levels was dem-
onstrated between the two groups in colonoscopy exam-
inations without sedation, although patient abdominal
discomfort was significantly less in the CO, group. In our
study, midazolam and propofol were used, so it was diffi-
cult to measure patient discomfort levels using a visual
analog scale after ESD because of considerable differences
in the rate of recovery between those two sedatives.

The PCO, level basically depends on ventilation, so
PCO, elevation can be regarded generally as caused by
depression of both the ventilation rate and the tidal volume.
Nelson et al. [39] reported PtcCO, elevation exceeding
40 mmHg and a maximum PtcCO, greater than
100 mmHg in ERCP using air insufflation, although there
were no evident adverse effects.

In our results, the maximum PtcCO, per duration time,
with PtcCO, exceeding 60 mmHg, was 72 mmHg for
166 min in the CO, group and 74 mmHg for 148 min in the
air group, but with no adverse events in either group. No
harmful oxygenation effects resulted from using CO, insuf-
flation during ESDs because all the patients received O,
nasally. These results suggest that PtcCO, elevation, which
registered a maximum value of 74 mmHg without SpO,
depression, did not represent a clinical problem, and no actual
correlation was found between the two measurements in any
of the cases. We believe that PtcCO, elevation was not caused
solely by CO, insufflation but that other important factors
were involved, including sedation levels and respiratory
status, because the air group showed even higher PtcCO,
values than the CO, group (Table 2; Fig. 3A-C) [5, 40].

Concerning the observation of differences between the
two groups in PtcCO; elevation and minimum SpO, in all
cases as well as PtcCO, elevation and SpO, depression in
only the gastric ESD cases, we considered that ventilation
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rate and tidal volume were difficult to decrease because
abdominal distension and diaphragm elevation were
reduced to relieve bowel hyperextension. Accordingly, it
also can be speculated that CO, insufflation may stimulate
the respiratory center, leading theoretically to hyperventi-
lation. Except for patients with COPD, who were excluded
from this study, PtcCO, elevation may have been caused
by hypoactivity of the respiratory center resulting from
deep sedation rather than CO, insufflation or oxygen
administration.

In the upper GI tract, especially the esophagus, the most
serious complications are arrhythmia, cardiac collapse,
thromboembolism produced by blood flow congestion
resulting from a perforation (compartment syndrome), and
pneumothorax [19-24]. We also considered why no subcu-
taneous or mediastinal emphysema or pneumoperitoneum
appeared, and we suspected that leaked CO; in the three
patients who experienced perforations probably was absor-
bed rapidly into the surrounding tissue [I, 2]. It can be
expected that CO, insufflation will reduce all such compli-
cations. Because CO, insufflation was demonstrated to be
safe in this study, it is recommended that to avoid any
unexpected developments during treatment in the upper GI
tract, particularly in the esophagus, ESD should be performed
from the start using CO, insufflation. In addition, CO,
insufflation is recommended for endoscopists with limited
ESD experience, who likely will need more time to complete
the procedure and may have a greater possibility of a perfo-
ration occurring because of their relative inexperience.

It generally is considered that a severe acidosis condi-
tion leads to arrhythmia, cardiac collapse, or hyperkalemia.
If CO, retention does occur, the CO, can serve as a factor
in decreasing the pH balance, although no clinical problem
is involved if the pH balance is preserved within normal
limits by other factors. Based on our findings, it appears
that no adverse events may result if normal oxygenation is
maintained even when a PtcCO, exceeding 60 mmHg
persists for some time. Although CO, insuffiation is not
recommended for patients with severe pulmonary or car-
diovascular disease, it is associated with no clinical dis-
advantage compared with air insufflation. We currently
recommend, however, that PtcCO, be measured for
enhanced safety during upper GI ESDs.

Several studies have shown a close correlation between
PtcCO, and PaCO,, so PtcCO, currently is regarded as a
reliable and accurate measurement, although it is known
that a discrepancy can exist between the two under certain
body temperature and skin conditions [41]. No blood gas
samples were taken in this study, so we have no data on
actual patient pH levels and PaCO, values during the ESD
procedures.

We were able to perform continuous measurement of the
PtcCO; level and monitoring of its elevation during upper
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GI tract endoscopic treatments, neither of which had pre-
viously been completely certain. Although more than 2,000
upper GI tract ESDs have been performed for patients at
NCCH [42], very few major respiratory-related problems
with the use of air insufflation have occurred despite the
lack of certainty about previous PtcCO, levels. The
advantage of having precise PtcCO, data is avoidance of
additional sedatives resulting in excessively deep sedation
that may cause respiratory dysfunction because PCO,
elevation suggests depression of the ventilation rate and
tidal volume. This also prevents tracheal intubation due to
pulmonary arrest.

Use of a bispectral index (BIS) monitor that indicates a
patient’s sedation level by monitoring brain waves has
been reported recently, so it is conceivable that the com-
bined use of CO, insufflation with continuous PtcCO,
measurement and the BIS monitor could result in safer
upper GI tract endoscopic treatment procedures in the
future {43, 44].

Conclusions

This study demonstrated CO, insufflation to be as safe as
air insufflation for upper GI tract ESDs performed for
patients under deep sedation without evidencing any
adverse effects. We believe that CO, insufflation may be
particularly effective for esophageal cases in which severe
subcutaneous or mediastinal emphysema can be caused by
perforations that may occur during the ESD procedure.
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Use of Gascon and Pronase either as a pre-endoscopic drink or as
targeted endoscopic flushes to improve visibility during gastroscopy:
A prospective, randomized, controlled, blinded trial
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Abstract

Objective. To assess whether endoscopic flushes of the bubble-bursting agent Gascon and the mucolytic agent Pronase are as
effective in terms of improving endoscopic mucosal visibility as a pre-endoscopic drink of the same agents. Material and
methods. A total of 112 patients attending a Japanese tertiary referral centre for upper gastrointestinal endoscopy were
randomized to receive either the standard Japanese procedure of a pre-endoscopic drink of water containing Gascon and
Pronase with endoscopic flushes of 20-ml aliquots of water, or no pre-endoscopic therapy but endoscopic flushes of 20-ml
aliquots of water containing Gascon, with or without Pronase as necessary. Results. Visibility scores were significantly better in
the pre-endoscopic drink group than in either of the endoscopic flush groups. The group receiving a pre-endoscopic drink
required fewer flushes during the procedure and there was no difference in the endoscopic time between the three groups.
Conclusions. Our results suggest that endoscopic spraying of these bubble-bursting and mucolytic agents is not able to offer
equivalent improvements in endoscopic mucosal visibility when compared with the standard Japanese therapy of a pre-
endoscopic drink of these agents. The addition of Pronase to the spray solution had no measurable benefit over Gascon alone.
We therefore cannot recommend endoscopic spraying of mucous clearing agents over their use as a pre-endoscopic drink.

Key Words: Endoscopy, gascon, mucolytic, pronase, simethicone, visibility

Introduction usual practice for them to be used. One explanation

for this is concern amongst Western endoscopists of

Since the advent of gastrointestinal endoscopy, prac-
titioners have been frustrated by foam and mucous
obscuring the field of view. Mucosal toileting techni-
ques with bubble-bursting agents such as Gascon
(simethicone) have been used since the 1950s [1-3]
and more recent studies have shown that the addition
of a mucolytic such as Pronase further improves
mucosal visualization [4,5]. These mucosal toileting
techniques have become standard practice in Japan
[6,7], where cancers tend to be detected earlier than
in the West. Patients there are routinely asked to drink
100 ml of water containing 2 ml of Gascon and 20,000
units of Pronase 10 min prior to the endoscopy. These
medications are freely available in Europe but it is not

an increased risk of aspiration during the procedure if
a drink is taken beforehand.

Minimally invasive techniques such as photo-
dynamic therapy and endoscopic mucosal resection
(EMR) are now able to offer excellent results for
cancers detected at early stages. EMR often offers
complete cure but can only be considered for tumours
that are well characterized at endoscopy. Detection
and characterization of early changes can be achieved
through a variety of diagnostic techniques, including
chromoendoscopy, high-magnification endoscopy,
confocal endoscopy and narrow-band imaging, but
all depend upon optimized mucosal views. In addi-
tion, chromoendoscopy requires a clear field in order
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that the dye binds to the intended cells rather than the
overlying mucous [8,9]. Effective and acceptable
mucosal toileting techniques are therefore increas-
ingly vital as advanced endoscopic techniques become
used more frequently.

In an attempt to provide the proven benefits of
Gascon and Pronase [9-12] without the theoretical
increased risk of pulmonary aspiration associated with
a pre-endoscopic drink, this study was designed to
compare the effectiveness and practicality of spraying
Gascon, with or without Pronase, directly onto the
mucosa as intermittent flushes through the biopsy
channel of the endoscope during the procedure, com-
pared with identical treatment given as a drink prior to
endoscopy (conventional Japanese mucosal toileting).

Material and methods
Patients

The Japanese national screening programme for gas-
tric cancer involves the majority of people over the age
of 40 years undergoing an annual barium swallow.
The tertiary referral centre in which this trial was set
accepts patients for gastroscopy either direcdy
(patents with abnormal results on these tests or

with appropriate symptoms), or as referrals from other
hospitals where early cancers have been detected that
are thought to be suitable for EMR. This study was
restricted to the screening population because there
are differences in the endoscopy technique for those
requiring a therapeutic procedure (e.g. the use of
zoom scopes and special dyes requiring additional
time). A total of 148 of these patients were recruited
into this study over a 2-week period. Patients were
excluded from the study if they had previously under-
gone oesophagectomy or gastrectomy, if the endo-
scopy revealed a lesion requiring a therapeutic
procedure such as EMR or if there was active gastro-
intestinal bleeding or strictures in the upper gastro-
intestinal tract. The results from 112 patients were
therefore available for analysis (Figure 1).

Pre-medication and endoscopic procedure

The study gained ethical approval and informed con-
sent was obtained from all participants. Sealed envel-
opes were used to randomly allocate patients to one of
three groups, as follows. Group S: standard Japanese
procedure comprising a pre-endoscopic drink of
100 ml of water, 2 ml of Gascon and 20,000 units
of Pronase. During the endoscopy, flushes of 20-ml

Assessed for

eligibility (n=153)

Enrolled (n=148)

Excluded n=5
refused to

participate

Randomized (n=148)
(sealed envelopes)

I

(Analysed (n=35)

Excluded from analysis

e I Y
Group S(n=49) ) Group GP(n=50) Y ( Group G(n=49)
Standard pre-endoscopic Endoscopic Gascon and Endoscopic Gascon
& flush treatment Pronase flushes flushes
(all received allocated (all received allocated (all received allocated

\lntervenllon) ) k|n'tervem|on) ) \mterventlon) Y

B N R

(Analysed {n=40)

Excluded from analysis

Analysed (n=37)

Excluded from analysis

(n=14) — therapeutic (n=10) — therapeutic (n=12) — therapeutic
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bleeding/strictures strictures bleeding/strictures
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Figure 1. Flowchart showing the disposition of the study patients.
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aliquots of water were used as required. Group G: no
pre-endoscopic preparation. During the endoscopy,
flushes of 20-ml aliquots of pre-mixed solution con-
taining 100 ml of water and 2 ml of Gascon were used
as required. Group GP: no pre-endoscopic prepara-
tion was given. During the endoscopy, flushes of
20-ml aliquots of pre-mixed solution containing
100 ml of water, 2 ml of Gascon and 20,000 units
of Pronase were used as required.

All patients underwent routine gastroscopy, includ-
ing chromoendoscopy, by one of 14 experienced un-
blinded endoscopists. The endoscopist was free to use
as many flushes as deemed necessary to produce a
satisfactory view. Once all flushes had been given, one
extra photograph was taken from each of four pre-
defined areas: the oesophagogastric junction, the
antrum, the lower body and the upper body of the
stomach. A record was kept of the total time taken to
perform the procedure (from intubation to extuba-
tion) and the number of flushes required.

A single, blinded investigator who was experienced
in endoscopy but had played no part in the endo-
scopic procedure then reviewed all of the pictures and
assigned each of them a score between one and three
for mucosal visibility: 1 = no adherent mucus and
clear view of the mucosa; 2 = a thin coating of mucus
but not obscuring vision; and 3 = adherent mucus
obscuring vision.

The individual scores for each of the four photo-
graphs taken were then totalled for each patient to give
an overall visibility score ranging from four to 12.

A second blinded investigator separately reviewed
and scored the pictures from 20 patients and the
results were compared with the original assigned
scores.

Summary of outcome measures

@ Time taken (min)
® Flushes used
O Visibility score

Endoscopic Endoscopic

pre- Gascon  Gascon and
endoscopic flushes Pronase
drink flushes

Treatment limb

Figure 2. Outcomes.
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Statistical analysis

The sample-size calculations showed that 35 partici-
pants were required in each treatment group (105
patients overall) to detect a 20% improvement in
visibility scores, from 7 to 5.6, assuming a standard
deviation of 2 for each group and a power of 90%.
Allowing for a 30% attrition rate, we aimed to recruit
150 participants.

Differences between the number of flushes and the
time taken were analysed using ANOVA and Fisher’s
least significant difference. As visibility scores were
non-normally distributed, the Kruskal-Wallis and
Dwass—Steel-Chritchlow-Fligner tests were used
for these results. All analyses used SPSS software
(SPSS Inc, Chicago, IL). A P-value of 0.05 was taken
to be significant throughout.

Results

A total of 112 patients were evaluable in the study,
with a mean age of 61 years. The study population
comprised 51 males (46%) and 61 females (54%).
There were no significant differences between treat-
ment groups (Table I) for a summary of outcome
measures please see Figure 2.

Visibiliry

Visibility scores allocated by the two independent
visibility score assessors correlated well (Cohen’s
weighted kappa 0.604, standard error 0.187, 95%
CI 0.237-0.971).

There were significant differences in the visibility
scores assigned between groups (H = 17.8, P =
0.0001). The photographs taken from the pre-
medicated Group S scored significantly better for
visibility than either of the endoscopic therapy
groups GP and G (P = 0.0002 and P = 0.0008,
respectively). There was no significant difference in
visibility scores between Groups GP and G
(P =0.999).

Table 1. Patient characteristics.

Group

Characteristic S(r=35 Gm=37) GP (n=40)

Gender; n (%)

Male 18 (51) 14 (38) 19 (48)
Female 17 (49) 23 (62) 21 (52)
Age (years); mean (SD) 63 (1.9) 61 (1.6) 61:(2.1,)
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Number of flushes needed

There were significant differences in the mean num-
ber of flushes used between groups (F = 12, P =
0.0001). Significantly fewer flushes were used during
the procedure in those patients receiving conventional
Japanese pre-medication (Group S) than either of the
other groups (Group GP, P = 0.008; Group G,
P < 0.001). In the groups receiving endoscopic flush
therapy only, significantly fewer flushes were used in
the group with Pronase added to the Gascon mixture
(P = 0.023).

Time taken for procedure

There was no significant difference in the time taken
to complete the procedure between any of the three
groups (F=2.23, P=0.112).

Safery

There were no complications in any of the groups. In
particular, there were no clinically detectable cases of
pulmonary aspiration.

Discussion

Optimal mucosal visualization is vital for thorough
endoscopic inspection, particularly when using newer
methods such as chromoendoscopy [13—16]. The use
of bubble-bursting agents and mucolytics has been
shown to improve mucosal visibility in previous trials
[17-20], but safety concerns have discouraged gen-
eralized use in the West.

We assessed a potentially more acceptable tech-
nique of spraying these agents endoscopically. Gascon
(simethicone or dimethicone) is silicone-based and
non-absorbable, with an excellent safety record. It
causes gas bubbles to burst by reducing their surface
tension and is marketed for the relief of abdominal
bloating. Pronase is a mixture of proteases isolated
from Streptomyces griseus. These agents were chosen
for the study as they both have proven efficacy and
have been adopted as standard treatment at the trial
centre.

Our results showed that spraying the anti-foam and
mucolytic agents endoscopically was not as effective
in terms of improved mucosal visibility as pre-
endoscopic treatment with the same combination,
despite the endoscopist using a greater number of
flushes to attempt to clear the mucous. We would
ideally have compared the endoscopic flushes with
Western standard practice, which in the UK would be

to give no pre-endoscopic preparation and to use water
endoscopic flushes, but were unable to do this in Japan
as using mucous-clearing medication has become so
accepted that it was considered unethical not to do so.
Adding Pronase to the basic endoscopic flush mixture
did not add any advantage in terms of mucosal
visibility. The apparent superiority of a pre-endoscopic
drink of mucous-clearing solution as compared to
endoscopic flush therapy may reflect the more diffuse
application of the solution or the 10-min delay between
the drink and endoscopy.

No technique resulted in clinically detectable pul-
monary aspiration but rates of aspiration during a
standard gastroscopy are less than one in a thousand
[21] and a larger trial would therefore be needed to
properly evaluate this risk.

We conclude that the standard Japanese practice of
administering a pre-endoscopic drink containing a
mucolytic and anti-bubble agent is superior in
terms of endoscopic mucosal visibility to endoscopic
application of either both agents or an anti-bubble
agent alone. We cannot recommend applying these
agents as an endoscopic spray.

Whether improved mucosal visibility results in a
higher detection rate of early cancers or improved
clinical outcomes remains unknown and well-
designed large clinical trials will be needed in the
future to evaluate this.
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Remarkable progress in
endoscopic resection of
early gastric cancer
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See article in J. Gastroenterol. Hepatol. 2009; 24: 1102-1106.

Endoscopic resection is accepted in many countrics as a less inva-
sive local resection of early gastric cancer with a negligible risk of
lymph-node metastasis."* Endoscopic resection preserves the
stomach and therefore improves patient quality of life compared
with surgery. Remurkable progress has been made during the past
decade because of technical improvements and an expansion of
the indications for endoscopic resection. The methods vary from
polypectomy to conventional endoscopic mucosal resection
(EMR) to endoscopic submucosal dissection (ESD).'? EMR pro-
cedures include inject and cul, strip biopsy, EMR with a cap-fitted
endoscope (EMRC), endoscopic aspiration mucosectomy (EAM)
and EMR with a ligating device (EMRL), whereas ESD is a
relatively new endoscopic resection method that facilitates one-
piece resection.

In the past, the accepted indications for endoscopic resection
of early gastric cancer were a small intramucosal cancer less
than 2 c¢m in size, having a differentiated histopathological type
and without an ulcer finding.?> Recently, the indications for endo-
scopic resection of early gastric cancer have been expanded, as
shown in Table 1, to cover other lesions with a negligible risk of
lymph-node metastasis.*® These expanded indications include
larger lesions and lesions with ulceration. Such lesions were pre-
viously resected by surgery because of the difficulty in effec-
tively using EMR techniques. As a result, ESD was developed to
achieve one-piece resections even for larger and ulcerative
lesions.'

In volume 24 issue 6 of the Journal of Gastroenterology and
Heparology, Hoteya et al. report on the advantages of ESD for
treating early gastric cancer compared to EMR.* The local com-
plete resection (one-piece resection with a negative tumor margin)
rate (EMR, 64%; ESD, 95%) and the curative resection rate (EMR,
60%: ESD, 83%) were significantly higher for ESD than for EMR
in their study. In addition, 13 local recurrences (4.0%) were
detected in the EMR group during follow up in comparison to no
local recurrences in the ESD group,

One-piece resection with a negative tumor margin is optimal for
endoscopic resection because it substantially reduces the risk of
local recurrence. One-piece resection with a positive tumor margin
and piecemeal resection both have an increased risk of local recur-
rence, although the thermal effect from endoscopic resection may
help to prevent this. Hoteya and his colleagues demonstrated in
their article that the rate of one-piece resection with a negative
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Table 1 Histopathological criteria for curative endoscopic resection

Early gastric cancer with negligible risk of lymph-ncde metastasis
Differentiated adenocarcinoma
No lymphatic or venous invasion
Intramucosal cancer regardless of tumor size without ulcer finding
or intramucosal cancer < 30 mm in size with ulcer finding
or minute submucosal cancer {sm1} < 30 mm in size
Resection margin
Tumor-free lateral margin
Tumor-free vertical margin

tumor margin was higher regardless of location in ESD compared
to EMR, thus reducing the overall risk of local recurrence, Their
results were similar to previously published reports.®™

One-piece resection is also optimal because endoscopic resec-
tion is a local resection procedure without lymphi-node dissection.
It is therefore indicated for early gastric cancer with a negligible
risk of lymph-node metastasis. The early gastric cancer criteria for
a negligible risk of lymph-node metastasis arc shown in Table 1.
Tumor depth is one of the most important factors, but endoscopic
prediction of early gastric cancer in terms of tumor depth is not
always accurate, even when endoscopic ultrasonography is
used.*!" The curability of endoscopic resection therefore must be
determined histopathologically based on criteria for early gastric
cancer with a negligible risk of lymph-node metastasis, as well as
the resection margin (Table 1).

Endoscopic resection is considered to be non-curative if a tumor
is diagnosed as having either a possible risk of lymph-node
metastasis or a positive lateral margin. In fact, lymph-node
metastasis has been reported among 6.3% of patients who had
surgery following non-curative endoscopic resection with a pos-
sible risk of lymph-node metastasis.' Piecemeal resections can
make it difficult to histopathologically evaluate curability, thus
resulting in some findings that suggest a possible risk of lymph-
node metastasis being overlooked. Without surgical treatment in
such cases, there could be a risk of distant metastasis developing.
It follows that histopathological staging using specimens obtained
by one-piece resection is crucial with endoscopic resection so as to
decide on the need for any subsequent treatment.

Hoteya et al. also demonstrated that there were no significant
differences in complication (postoperative bleeding and perfora-
tion) rates between EMR and ESD. Endoscopic resection tech-
niques should be safe, but endoscopic resection has been
associated with an increased risk of complications such as bleed-
ing and perforation. Although there was no reported significant
difference in the perforation rate between the EMR and ESD
groups, several earlier articles indicated that the risk of perforation
was higher for ESD than for EMR.*® It has also been reported
previously that the risk of perforation is related to tumor location,
size and an ulcer finding,"' as has the usefulness of endoscopic
closure with endoclips for gastric perforations.™

Whereas the rate of postoperative bleeding was similar between
EMR and ESD, intraoperative bleeding occurs infrequently with
EMR, bul is quite common with ESD.'¥ Management of intraop-
crative bleeding plays a critical role in achieving complete resection
during ESD. Cautery is used for hemostasis during endoscopic
resection because endoclips interfere with the subsequent resection.
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Minor oozing can be controlled by cautery using cutting devices
such as the needle knife, IT knife, Hook kaife or Flex knite. Cautery
using hemostatic forceps is suitable for arterial bleeding.'

The number of early gastric cancer patients undergoing endo-
scopic resection is increasing in Japan because of the expanded
indications and technical improvements mentioned above.
Consequently, the actual number of complications associated with
endoscopic resection has also increased. Thus, endoscopists must
now be aware of both the risk factors and the rate of complications
as well as how to effectively treat such complications.

Early detection is essential for carrying out endoscopic resec-
tion. Japan has had a well-organized mass-screening program for
gastric cancer as part of its public health services since the mid-
1960s.'"* This program has, however, most often used gastro-
photofluorography which has comparatively poor resolution so
that sensitivity for early-stage cancer was low (39%), albeit sen-
sitivity for advanced cancer was high (92%)."7 Recently, the
development of video endoscopy has had a substantial impact on
improving carly diagnosis, and early gastric cancer now accounts
for nearly 50% of all gastric cancers treated at major medical
tacilitics in Japan.'*" In fact, most cases (78%) of carly gastric
cancer at our hospital between 2001 and 2003 were detected by
endoscopy.™

The use of endoscopy for mass screening nationwide would be
impractical and difficult, because of its low cost-effectiveness and
the lack of a sufficient number of endoscopists. An alternative
mass-screening approach has been proposed using endoscopy atter
the identification of high-risk subjects.?’ An initial screening test
would be carried out using combination assays of serum Helico-
bacter pylori antibody and pepsinogen, followed by endoscopic
examination of those individuals determined to be high-risk sub-
jects. Such a strategy might also prove useful for the detection of
early gastric cancer in other countries where the ratio of early
gastric cancer to all gastric cancer cases is still low.

Finally, Hoteya and his colleagues also reported that the rate of
one-piece resection with a negative tumor margin did not differ
significantly between EMR and ESD for lesions < 5 mm in diam-
eter. Such lesions can therefore be treated by either EMR or ESD.
The precise method of resection is less important because the
primary aim ol endoscopic resection as a local resection procedure
is to achieve one-piece resection with a negative tumor margin. In
other words, alternative resection methods that may be developed in
the future, such as a full-thickness resection procedure, could even-
tually replace ESD for the local resection of early gastric cancer.
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85% T, 14% A%cSM I, 1% A5cMP BL B2 iE
A SINT Wz, pSM DOIEZHIX 46% T, 42%
I3 eM LiEmiA, 12% & cMP UL EIZiEmA S
Tw 7z (Table 2).

pSM 422 JEBI D 9 B, pSM1 (& 155 JER], pSM2
13 267 JEBITd - 72. Table 312" L9 I pSMl
D9 L SM & IR Z I 2 7z EH1E 30% T

p<005
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Table 1. AUl#i & AT DB T
HRS

¢ YL ¢ HETTHE
N R 95% (1199/1258) 5% (59/1258)
FrpLiEs Y o o _
Fifhas it p T4 14%  (84/588) 86% (504/588)

Table 2. M & SM O
N

cSM cMP

cM
Lo DM 85% (714/836)
Al
WENBEE oM a2% (177/422)

14% (112/836) 1%
46% (196/422)

(10/836)
12% (49/422)

Table 3. SM1 & SM2 )izl
FEK 35
cM cSM cMP
A pSM1 65% (100/155) 30% (47/155) 5% (8/155)
Fi B 35 iy
; pSM2 29% (77/267) 56% (149/267) 15% (41/267)

65% ix cM & BB XN T/, pSM2 TlE, 56%
A cSMICEERZIT & N, 29% 7% cM & iZFHA,
15% 7% cMP BA EIZEH A ST,

(st 2] RENGRHEIC B 2 BB ORET
Table 4 IZWHR A, UL A&, 6, BHEE
HABAENORTRRSBFI LR LT 5. RRAE
FDRBRITI a+1l cHT36% LMD 11 a
Bl Dc- I bBEIIHLAEIIERTH- A (p<
005). I-Il aB T pSMAMEEFALL
BIA%L, IMa+Il cBE Il c- 11 b BITidi%sR

HREFREAE DIIHM LTV,

UL OFENIZIZ UL+ TUL-ICH LS
7% LEBIEBETH -7 (p<001). UL-T
WA LANES L, UL+ Tllikih L iR
e BTG LTV,

ALz, USEBTho M #EE, LEKX
DRZEFIEETH- 720, HFEZREOLD-
2. ¥, USEHR, MEBRTREZEAL AN
%<, LEAMTIRERA LIRS o7

BEENICE, RPRIE2Imm U ET37% &

(31

ft1? 10mm L F, 11~20mm it LA FICER
Thol: (p<00D). F72, 10mm BLTF, 11~20
mm THEHEA L22FPE <, 2lmm BLETIZiE
ZAH LIRS o

HASRIBNICIE, 5B 22% 12 LRASMERIC
42% LBRBEPERIIEETH -2 (p<001).
MBBIONRE A5 & LB TIRERT A L 2 fids
%<, RMLBICIHESGA LS hror. £
7o, HMEBID S 5, RERIBIRIRAE (34% : 37/
110, p<001) & ZLBHBHE (42% : 5/12, p<0.05)
DRFERE, S/ERERRE (20% : 160/789)
DRBEIHLAFBICRETH /.

n & %

HE, BEEMOmLEICE T, BHERHE
AT 2MANTFR, AHEDBRIESERLTE
TWADS, ZOEFHIREIZERRIFEED
WaEREIhD, RIFOI L, EEHL, #D
FHRIRLNREDER THRIETTRE L RE % BRI hE
THERAEL L. —K, WEEKEA ShWEDF
MR NBRBEIRABITONIGE, BElEREE L
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Table 4. AR UL {rfe, 5800, WENS9R, MALR X a2
SAI M %
i R A et
4 JIEE
I-Ta (n= 236 15% (35) 4%  (9) 04% (1) 19%  (45)
Ha+1Lc (n=125) 20% (25) 12% (15) 1%  (5) 36% (45
ODe-Ib (n=897) 13% (117) 3% (25) 13% (116) 29% (258)
UL o1 i
UL - (n = 762) 15% (112) 3% (26) % (26) 22% (164)
UL + (n = 496) 13%  (65) 5% (23) 19%  (96) 37% (184)
A
U #it% (n = 230) 23%  (53) 4% (10 5% (12) 33% (75)
M #l% (n = 407) 16%  (64) 1% (6 % (27) 24% {(97)
L #i8 (n = 621) 10%  (60) 5% (33) 13% (83) 28% (176)
W91
10mm BLF (0 = 275) 6% (15)  04% (1) 1% (3) 7% (19)
11 ~ 20mm (n = 337) 19% (66) 08% (3) 8% (29) 28%  {98)
2lmm B E (n = 626) 15%  (96) 7% (45) 14%  (90) 37% (231
AL
e (n = 911) 15% (137) 3% (24) 5% (41) 22% (202)
KL (n = 347) 12% (40) 7% (25) 23% (81) 42% (146)
it (n = 1258) 14% (177) 4% (49) 10% (122) 28% (348)

TARTGREBEICIOL B HREENH S,
TERFMH 5V ITHDFROBRIZBNT, §
EEICELOGE T1 (REHE) »owid T2 L
GETR) OKHNFMEEL 25", SEOKHFICE
W, B EITHROESEIL 5% & 86% T
HY, %o 1997 £5 5 2001 £ TORF D
A (5% & 85%) L LKEZMEREd»o
7%, BERMICRLLRE L ZE A LN,
NHBUROBIGHEICIE, MESM E0E
NBBEEE LS. SHORFIIBENT, MOE
I 85% & 1997 £ 6 2001 £ £ TORE' O
B (84%) LIZIZAKTH o725 SMOER
Hid 46% T, 1997 £ 5 2001 £ F TOME' D
B (66%) EHER20%ETLTWE F09
L, pSM % cM IZEGZEA L - DA 42%, pSM %
CMPULEICIRZRA L 72D A12% &, 1997 EH
52001 £ TORIT O (20% & 14%) 12
RLEZAPERTH- 2. THIZARETRA
PRSI R # (EMR)© 2% & PR B KIS
BT R R (ESD) P DR~ EB OV EDLD,

(32)

EHELRRBEDSHATRESL 20D, pM % cSM L1
ELZRFERATHILIZLZBEEE (ESD T
WEMRLHREEZFEHRTS) 2B 720, ESD
ZZHHRAEmE LTHHLCwS -0 L8bh
5. 2%h, YRERTLIOERTHLE, DcM,

@UL-REEEFRCHBLZL, UL+WER
JEEZEOmm U T2 ESDRiO#icH#EL L,

ESD {412 Table 5 I § i tIBR B #IC KD &
WELEHE 247V, EMONFHTBROLERL
BLTwa ESDRIOELCEZENI B, HIZO
OcMICEHLTIX, pMZSM U EELERAT
HZLICEDBRHLERELLILENCD

Aol SMFIIROLVEEIT M EHETL,

PHMEZELZ SO ESD #iToTwal-bLiE
flsha, BEHBMORZHAONRICIBNT, pM
T ¢SM UL EE BEEA L7ERA, ESD OFRE
LRI MMEBICBVWTRMEARIC K LD b o
b EEETRBLTVwALEZOND, F
7:, ESD ONEHFE EEhb UL~, DMELIE
PUIBVTRER LIER» L eholzZ L b
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1. LRI
2. WRAT R BRERYE
3. M UL -

or M#{, UL +, W¥:4% 30mm BAF
or SMLH, MEHGA¥ 30mm LI, RS- {0 BB AE oo 57 B
4. ACEREEYE, TR RE

BICERETRBELTWSEEZONS. KERICY
PSR HYIRRBIT, HRMICERFRTANT
A YOEMREIGCEENTH - EH O HE
12, EMRBRIZi338% (52/1369) TH o D
AL, ESDEEFICIZ02% (2/954) ICRA L
TWw7,

PEDXHZ, pMZ cSM UL EEHRAT S
LI LLABLEEE D, pSM % cM
EERFEALESSEmML T LRI D
A, ESDHEKZZHBRO120EY Y 51—
ELORBEBMRMIRFESINBLELZSL. L
ML, —HTED L) LikFEHIER T ESD #IC
& 2 EMAHEDREITbh VLS
13, MEWNERE LTRTaRERE 25
Wb, EBEICYRTHREDRE &SRO
BEUBRTH- 72226 EBID I B, ¥35% 148
AR BB Thh T dh o 2. 0
HOLEBIIFHY X 7 BB E LR ETHo 12
RO OPEIIBEBIRNTH - /Y. ESD #His
RENCFEHBIYR & 72 o BEONEN B ORO
DLEHICOWTIE, ESDRIL Y HAIC#H B LT
BLLEXEDLEEDRAL, Z0i3H, ESD B
RIEOWEEY, 2 X FOBEL L HARHICEN
HEZWIZL Y M ESMOENMTHR, HEY
BEFENLBICPREINDLZENLIDET LW
TLiEVH)ETHLRL, BEKNRE, LAAR
BB LED, SBROUEBEVLETH .

E, NRERFICBIT2EYE Y, Table
S5ICRT LI oML E o SM1 # b BEHEE 3cm B
T, REHES RSS2 L, REGBLL
ThhiL, ) /BN 0% (95% EHEEM
0~25%) THY, NBAFIERICTRETE LK
ELLTHEbh22H5. LAL, SMILIIHT

(33)

AREVINI-NRESHER I LD, HER
RIZBWTId cSML LRI ICERRZBIT L TWw 5
DOTIELEL, MBHa WwiicSM EEBRZHLT
WEONFHERTH S, SENR D pSML, pSM2
MORET (Table3) 12X % L, pSMI #FE I 65%
WBWT M, 30% TceSM &, pSM2HRED cM
A329%, cSM 2%56% Thol-BHELIIRL D,
BRRIIZIE M EHBF SN TwE I NS Do
7. LA L, pSM1 JEZED cM %% 65%, cSM %% 30%
(Table 3) i%, pM IRZE D cM A% 85%, cSM 7% 14%
(Table 2) OREEL bHEIH Y, pSMIFHED
BERZHTE, DM JRZE & pSM2 REDRERB WD
B L Tz SMLICHT 5 NHREDE
BEELFLLVHRIIBYTH, #EMICZDX
I pM & pSM2 & H [ 12 pSM1 A2 B L T W
fel kit, SMIOWHRELHXELXERTE S
WL H LT L EREL TS, IERKPRER
BHRAEEEED, SHOBICHELZ V.
BHISEICB Iy 2 #BFomENCL Y, AR
B, ULA#&E, 3B, BEE SKYMITLIZENh
FNOERTFILLEDORDERLERFEANE VA
B, BRAVZVHEONRVEL P07
CORICELTY, HAARECREEBELE
Wiz, SLLRLBEAPULETHS.
¥ =

NRBENZEFE L UBRFOES LB A
BWTH, BRICHTI2REEZHREIT
TRV T, TORENBERY L Lo
AEPRE, BEENASEICINAT, HBETEE
AU Sh TV A IERPIRECKELBEED
a0, SBROIL L ARFAPLETHA.
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Endoscopic diagnosis of gastric cancer invasion depth

Jin Xuan YIN, Ichiro ODA, Haruhisa SUZUKI, Takuji GOTODA",
Tadakazu SHIMODA? and Daizo SAITQ"

" Endoscopy Division, National Cancer Center Hospital
? Clinical Laboratory Division, National Cancer Center Hospital

Accurate endoscopic diagnosis of gastric cancer invasion depth is essential in making a proper treatment
strategy decision. We investigated the accuracy of diagnostic depth invasion in 1846 gastric cancers re-
sected by surgery or endoscopy from 2001 to 2003 at our hospital. Diagnostic accuracy was 95% for early
cancer and 86% for advanced cancer; and 85% for mucosal cancer and 46% for submucosal cancer. The
rate of diagnostic inaccuracy was significantly higher in IIa + Ilc type than in other macroscopic types ; and
lesions with UL than without UL ; lesions >20mm and those <20mm ; as well as in undifferentiated type
than in differentiated type, respectively. Endoscopic diagnosis of gastric cancer invasion depth was not al-
ways accurate and improved diagnosis for submucosal cancer in particular is necessary.

(35)
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Pilot study to assess the safety of local lidocaine injections during
endoscopic submucosal dissection for early gastric cancer

SHINSUKE Kirtvama'?, IcHIRO Opa', FuMiva NisHIMOTO!, YUMI MasHIMO', HISATOMO IKEHARA',

and Takui GoTopa'
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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%
(271157) of the CG.

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

Key words Lidocaine - Endoscopic submucosal dissection
(ESD) - Early gastric cancer - Local anesthesia - Submucosal
injection
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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 knite; 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 10m! 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

(.1% Epinephrine (ml) 0.1 0.1

Lidocaine concentration (%) 0.5 0

Maximum lidocaine injection 300 mg/60 mi




