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Abstract

Background Steady pressure automatically controlled
endoscopy (SPACE) is a new modality that eliminates on-
demand insufflation but enables automatic insufflation in
the gastrointestinal tract. Though its use in porcine
esophageal ESD was reported to be promising, its appli-
cability and potential effectiveness to gastric procedures
have not been evaluated.

Objective The aims were (1) to evaluate feasibility and
safety of SPACE in the stomach, and (2) to assess its
potential advantages over conventional endoscopy in pre-
venting “blind insufflation”-related complications.

Design A multicenter randomized preclinical animal
study.
Setting Laboratories at three universities.
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Interventions Experiment 1: Gastric ESD was attempted
in the swine (n = 17), under either SPACE or manual
insufflation. Experiment 2: Gastroscopy was performed for
10 min in the perforated stomach (n = 10) under either
SPACE or manual insufflation.

Main outcome measurements Experiment 1: ESD time,
energy device activation time, number of forceps exchan-
ges, specimen size, en block resection rate, vital signs and
any intraoperative adverse events. Experiment 2: Intra-
gastric and intra-abdominal pressures, vital signs, and any
adverse events.

Results Experiment 1: Gastric ESD was completed in all
animals. ESD time tended to be shorter in SPACE than in
the control, though the difference was not significant
(p = 0.18). Experiment 2: Although both intra-gastric and
intra-abdominal pressures remained within preset values in
SPACE, they showed excessive elevation in control.
Limitations An animal study with small sample size.
Conclusions SPACE is feasible and safe for complicated
and lengthy procedures such as gastric ESD, and is
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potentially effective in preventing serious consequences
related to excessive blind insufflation.

Keywords SPACE - ESD - Early gastric cancer - GI -
Endoscopy - Technical

Abbreviations
CO, Carbon dioxide

ESD Endoscopic submucosal dissection

SPACE Steady pressure automatically controlled
endoscopy

ACS Abdominal compartment syndrome

EtCO,  End-tidal carbon dioxide

SpO, Percutaneous oxygen saturation

The optimal visualization is always essential to perform
any types of endoscopic procedures. To gain and maintain
such visualization in the gastrointestinal (GI) tract, con-
ventional “manual” insufflation by manipulating air—water
button has been exclusively used. This un-metered insuf-
flation technique, however, has become suboptimal as the
endoscopic intervention becomes more technically
challenging.

Considerable skill is required to maintain stable endo-
scopic visualization without intra-luminal pressure moni-
toring, during a complicated procedure such as gastric
endoscopic submucosal dissection (ESD). The under-
insufflation during ESD may cause poor visualization and
insufficient tissue traction, resulting in unfavorable treat-
ment outcomes. The over-insufflation may lead to post-
ESD patient discomfort/pain and complications such as
mucosal tear and bleeding. The over-insufflation may also
cause excessive pneumoperitoneum when the gastric wall
is perforated. This can result in lethal consequences such as
abdominal compartment syndrome (ACS) in worst case
scenario [1-5].

Recently we have developed a new insufflation system
compatible with currently available standard flexible
endoscopy, which provides a constant pressure environment
in the upper GI tract when used with conventional surgical
insufflator. We have named this new modality as “steady
pressure automatically controlled endoscopy (SPACE),”
and reported its feasibility, safety and potential effective-
ness in performing ESD in the porcine esophagus [6]. The
objectives of this study were, (1) to validate the feasibility
and safety of SPACE in the porcine stomach, and (2) to
assess its theoretical advantages in preventing excessive
pneumoperitoneum in gastric perforation models.

To our knowledge, this is the world’s first preclinical
study on SPACE in the stomach.

@ Springer
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Methods
Participating hospitals

This study is a multicenter randomized preclinical study in
three academic centers participating in Japan SPACE
Study Group.

The SPACE system

The SPACE system consists of a custom-ordered over-tube
(Top, Co., Ltd., Tokyo, Japan) and a leak-proof adapter
(Leak Cutter, #16551; Top) (Fig. 1). The over-tube has a
standard diameter (19.5 mm) but is longer (520 mm) than
commercially available over-tube, so that it can be placed
beyond the cardia when introduced orally under endo-
scopic guidance. Once the over-tube reaches to the stom-
ach, the inner tube is removed and Leak Cutter is attached
to the proximal end of the over-tube. A commercially
available automatic surgical insufflator is then connected to
the system, and gastric SPACE is performed with auto-
matic intraluminal CO, insufflation utilizing the space
between the over-tube and the endoscope (Fig. 2). This
system is totally compatible with currently available flex-
ible GI endoscopes.

The following experiments were performed after pro-
tocol approval from the Institutional Animal Care and Use
Committee.

Experiment 1 (ESD study)

Experiments were first conducted to validate the feasibility
and safety of gastric ESD using SPACE, and to evaluate its
potential superiority over conventional ESD. 35-kg female
crossbred pigs were used (n = 17). The animals were
fasted for 24 h and pre-medicated with intramuscular
0.5 mg atropine sulfate. To sedate the animals during
endotracheal intubation, a small dose of ketamine (10 mg/
kg) with xylazine hydrochloride (2 mg/kg) was adminis-
tered intramuscularly. The animals were anesthetized using
100 % oxygen and 5 % isoflurane with a flow rate of
1.5-2.0 1 per minute. Ventilation was maintained by a
mechanical ventilator (KV-1a; Kimura Medical, Co., Ltd.,
Tokyo, Japan) with 100 % oxygen and 2 % isoflurane
inhalation under a fixed minute volume. An intravenous
line was placed in the right auricular vein to hydrate the
animal with a balanced electrolyte solution. CO, cap-
nometry (TG-221T; Nihon Kohden, Tokyo, Japan) and
portable pulse oximetry (TL-201T; Nihon Kohden) were
used to document end-tidal CO, (EtCO,) and percutaneous
oxygen saturation (SpO,) during each session.
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Fig. 1 A Custom-ordered long
over-tube and B Leak Cutter.
C Leak Cutter is attached to the
proximal end of the over-tube

Fig. 2 Gastric steady pressure automatically controlled endoscopy
(SPACE)

Two virtual lesions were created on the posterior wall of
the gastric upper/lower bodies, by placing 2-cm diameter
rubber marker (Fig. 3). Each lesion was then randomly
assigned to either SPACE or control group in a crossover
fashion. In SPACE group, ESD was attempted using the
over-tube, Leak Cutter, and a surgical insufflator (UHI-3;
Olympus Medical Systems, Tokyo, Japan). The CO,
insufflation was performed automatically with the intra-
luminal pressure limit of 8 mmHg and flow rate of 35 1 per
minute. In control group, ESD was attempted with the
over-tube and Leak Cutter in place, under manual (i.e.,
blind) CO, insufflation using a conventional endoscopic
CO, feeder (UCR; Olympus), instead of UHI-3.

Gastric ESD was performed using a single-channel GI
endoscope (GIF Q260 J; Olympus) with a distal attachment
(D-201-11804; Olympus), powered by a high frequency

16

Fig. 3 A 2-cm diameter rubber maker placed in the gastric wall

electrosurgical unit (VIO300D, Erbe Elektromedizin,
Tiibingen, Germany). An injection catheter with a 25-G
needle (#01857; Top) was used for submucosal injection of
normal saline with 0.5 % indigotindisulfonate sodium.
Marking dots were placed approximately 5 mm outside the
margin of the virtual lesions using a needle-knife (KD-1L-
I; Olympus) and using forced coagulation (Effect 2,
30 W). The mucosal incision was initially made with a
needle-knife, and was extended circumferentially around
the marking dots with an IT-knife2 (KD-611L; Olympus)
under ENDO CUT I mode (effect 3, duration 3, interval 3).
The submucosal layer was then dissected using IT-knife2
under SWIFT COAG mode (effect 3, 80 W). A monopolar
hemostatic forceps (FD-410LR; Olympus) was used as
necessary under SOFT COAG mode (effect 6, 80 W) for
hemostasis. The procedures were performed by 10

@ Springer
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endoscopists with board certification of Japan Gastroen-
terological Endoscopy Society.

The following data were prospectively obtained and
compared between the SPACE and control groups: the total
ESD time (from mucosal cutting to completion of dissec-
tion), energy device activation time (automatically recor-
ded using dedicated software [VIO Chrono ver. 1.00; Erbe
Elektromedizin]), number of forceps exchanges, specimen
size, en bloc resection rate (counting numbers of marked
spots included in the specimen), vital signs, and any
intraoperative adverse events.

Experiment 2 (perforation study)

In this experiment, we evaluated the safety of SPACE
when a perforation occurred during gastric ESD. Addi-
tional 10 animals were divided into either SPACE or
control group (n =5, each). Under general anesthesia,
2-cm gastric perforation was created on the anterior wall of
in the antrum via mini-laparotomy (Fig. 4). A 12-mm
laparoscopic port was placed in lower abdomen, and was
connected to a digital manometer (MT110; Yokogawa,
Tokyo, Japan) for continuous intra-abdominal pressure

Fig. 4 A 2-cm gastric perforation created on the anterior wall in the
antrum

Fig. 5 A In gastric perforation

models, gastroscopy was A )
attempted with automatic

insufflations or B conventional ; A

manual insufflation, and intra- ‘

abdominal and intra-gastric {

pressures were obtained during
endoscopy
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monitoring. The abdomen was then closed, and a standard
flexible GI endoscope was advanced into the stomach with
the SPACE system in place. A 2.4-mm diameter polypro-
pylene spray catheter (#16512; TOP) was passed through
the biopsy channel for continuous intra-gastric pressure
monitoring during the insufflations. In SPACE group,
gastroscopy was attempted for 10 min with automatic in-
sufflations (pressure of 8 mmHg and rate of 35 I/min)
(Fig. 5A). In control group, conventional manual insuffla-
tion was performed for 10 min by endoscopist, who was
blind to neither intra-abdominal nor intra-gastric pressure
data (Fig. 5B). Continuous forceful insufflation was done.
Both intra-abdominal and intra-gastric pressures were
obtained every second during gastroscopy (Fig. 5). The
mean blood pressure, heart rate, temperature, and end-tidal
carbon dioxide (EtCO,) were obtained before and every
2.5 min during gastroscopy. Finally, any adverse events
were recorded.

Statistical analysis

The results were presented as median (range). Differences
between the two groups were examined with the Wilcoxon
signed-rank test. Analyses were performed with statistical
software package (JMP ver9.03; SAS, Cary, NC, USA).
Statistical significance was defined as p < 0.05.

Results
Experiment 1 (ESD study)

Gastric ESD was successfully completed in both SPACE
and control groups (Table 1). The ESD time in SPACE
group tended to be shorter than that in control group;
however, the difference was not significant (915 vs. 1172 s,
p = 0.18). No difference in the energy device activation
time was observed between the two groups. Other data
such as the number of forceps exchanges, specimen size,
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and en bloc resection rate were comparable between the
two groups. However, the endoscopic visualization under
SPACE was superior to conventional endoscopy (Fig. 6).
No adverse cardiopulmonary events or serious intraopera-
tive adverse events were noted, except for a minor
esophageal mucosal injury during advancement of the
over-tube into the esophagus (Table 2).

Experiment2 (perforation study)

Figures 7 and 8 show the manometric profiles of the stom-
ach and the peritoneal cavity during either SPACE or con-
ventional gastroscopy in gastric perforation models. Every
pressure measurement was reproducible. Both intra-gastric
and intra-abdominal pressures remained stable within preset
values in SPACE group. On the contrary, both showed
gradual but excessive elevation in control group. The max-
imum value of intra-abdominal pressure in control group
reached over 50 mmHg. Figure 9 shows the abdominal
distension caused by excessive pneumoperitoneum. Table 3
depicts the cardiopulmonary changes in gastric perforation

Table 1 Operative outcomes of gastric endoscopic submucosal
dissection

SPACE Control P*
Completion rate, % 100 100 N.s.
Total ESD time, median 915 1,172 N.s.
(range) seconds (256-2,582) (267-4,200)
Energy device activation time, 309 336 N.s.
median (range), seconds (112-676) (117-491)
Number of forceps exchange, 6 (2-15) 7 (2-32) N.s.
median (range), n
Specimen size, median 1,412 1,405 N.s.
(range), mm” (672-2,700) (255-2,115)
En bloc resection rate, % 100 100 N.s.

ESD endoscopic submucosal dissection; N.s. not significant; SPACE
steady pressure automatically controlled endoscopy

* Wilcoxon signed-rank test

Fig. 6 Endoscopic exposure
during gastric endoscopic
submucosal dissection (ESD).
A Steady pressure automatically
controlled endoscopy (SPACE)
with intra-gastric pressure of

8 mmHg. B Conventional
endoscopy under manual
insufflation

models. No significant difference was evident in the mea-
sured parameters among the two study arms.

Discussion

The endoscopic visualization for target tissues is always
crucial to achieve intended outcomes in any type of
endoscopic treatment. To obtain adequate and stable
visualization, GI endoscopists insufflate the gut lumen by
manipulating air/water button without monitoring the intra-
luminal pressure [1-5]. In routine diagnostic endoscopy,
this “un-metered” insufflation can still be justified, since
excessive gas may leak and/or migrate from the targeted
bowel segment. Such a blind insufflation, however, is no
longer considered as optimal for lengthy and complicated
endoscopic intervention such as ESD, in terms of stability,
reproducibility, and standardization of procedures. More-
over, un-metered insufflation can cause excessive gas
migration from the GI lumen into the peritoneal cavity,
when the gut wall is perforated. ACS, as a result of
excessive pneumoperitoneum, has been known anecdotally
as a lethal complication related to gastric ESD.

We therefore developed a new insufflation technique
that enables automatic and pressure-regulated insufflation
in current flexible GI endoscopy. This new modality,
SPACE, provided stable, reproducible, and standardized
endoscopic visualization and working environment in the
esophagus. The esophageal ESD time was shortened in
SPACE animals by 21.9 % compared to manually insuf-
flated animals [6]. No massive gas migration was observed
beyond the duodenum, suggesting that SPACE could be
applicable in the stomach as well [1].

In SPACE, endoscopic visualization i.e., working
space is automatically created and maintained once the
insufflation pressure is set. The GI lumen can still be
totally collapsed in SPACE by aggressive and continuous
suction; however, the exposure is regained quickly and
automatically once the endoscopist releases the suction
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