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Table 2 Impacts on cardiopulmonary parameters during gastric
endoscopic submucosal dissection

SPACE Control P*

EtCo,, median (range), mmHg

Mean 25 (16.8-75.3) 265 (19-76.9)  N.us.

Maximum 26 (17-79) 27.5 (19-79) N.s.

Elevation 1.5 (0-5) 1.5 (0-12) Ns.
SpO,. median (range), %

Mean 100 (98-100) 99.8 (98.3-100) N.s.

Minimum 100 (97-100) 99 (92-100) N.s.

Depression 0 (0-3) 0 (0-1) N.s.
Heart rate, median (range), beats/minute

Mean 72.6 (62.5-123) 74.8 (58.5-104) Ns.

Maximum 77.5 (64-142) 85.5 (59-109) N.s.

Elevation 4 (0-31) 6.5 (0-35) N.s.
Mean blood pressure, median (range), mmHg

Mean 48.8 (37.8-81.4) 48.6 (39.2-78.6) N.s.

Maximum 52 (42.5-84)  50.5 (42.5-84)  Ns.

Elevation 1.5 (0-10) 2 (0-19.5) N.s.

Adverse events, n
Superficial mucosal Two animals
injury
EtCO; end-tidal carbon dioxide; N.s. not significant; SPACE steady
pressure automatically controlled endoscopy; SpO, percutaneous
oxygen saturation

* Wilcoxon signed-rank test
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Fig. 7 Changes of intra-gastric pressure during SPACE and conven-
tional endoscopy

button. It is possible to avoid total collapse of the GI
lumen, when mild and intermittent suction is applied.
SPACE thus enables simultaneous water suction/smoke
evacuation and irrigation/energy device activation, while
keeping the endoscopic exposure (video). This feature of
SPACE is extremely attractive in cases of major bleeding
or severe smoke production due to energy device activa-
tion, where suction is more frequently necessitated but the
luminal collapse needs to be avoided as much as possible

[6].
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Fig. 8 Changes of intra-abdominal pressure during SPACE and
conventional endoscopy

Fig. 9 Abdominal distension caused by excessive pneumoperito-
neum, when the maximum pressure of intra-abdominal pressure was
reached over 50 mmHg in control group

This study has shown that the gastric ESD under SPACE
is feasible and safe. Though ESD time tended to be shorter
under SPACE compared to conventional endoscopy, the
difference did not reach to statistically significant level.
Previously in the porcine esophagus, we could successfully
demonstrate that ESD under SPACE reduced procedure time
by 21.9 % compared to ESD under manual insufflation [6].
The esophagus is a tubal organ and is anatomically much
straightforward than the stomach. This may partially explain
the reason why we could show time reduction effect of
SPACE, not in the stomach but in the esophagus. In a
clinical setting, it is well known that technical difficulty of
ESD is largely diverse depending upon the location of lesion
in the stomach [7, 8]. Another explanation is that gastric
procedure became even technically difficult due to current
limitations of our SPACE system. The SPACE over-tube
was much longer than commercially available products, and
its tip was placed beyond the esophago-gastric junction,
resulting in constriction of the movement of flexible endo-
scope, especially in the upper body of the stomach. The
relatively bulky and rigid Leak Cutter itself might also limit
the endoscopic maneuverability. To solve these problems,
we are now positively working on downsizing of Leak
Cutter and further improvement of SPACE over-tube.
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Table 3 Cardiopulmonary parameters during endoscopy under per-
foration to the stomach

SPACE Control P*

EtCo,, median (range), mmHg

Mean 24.2 (16.2-45.8) 20 (17.6-36.2) N.s.

Maximum 25 (1747) 22 (20-52) N.s.

Elevation 2 (0-7) 4 (0-14) N.s.
SpO,, median (range), %

Mean 100 (92.2-100) 99 (91.6-100) N.s.

Minimum 100 (92-100) 97 (91-100) N.s.

Depression 0 (0-1) 2 (0-4) N.s.
Heart rate, median (range), beats/minute

Mean 93.2 (52-142) 96 (53-147.4) N.s.

Maximum 102 (52-144) 101 (55-154) N.s.

Elevation 3 (0-33) 12 (3-15) N.s.
Mean blood pressure, median (range), mmHg

Mean 55.7 (46-70.4) 57.9 (43.5-72.2) N.s.

Maximum 71 (55-73.5) 60 (45.5-83.5) N.s.

Elevation 5 (0-23.5) 12 (3-18) N.s.

EtCO, end-tidal carbon dioxide; N.s. not significant; SPACE steady
pressure automatically controlled endoscopy; SpO, percutaneous
oxygen saturation

* Wilcoxon signed-rank test

This study also demonstrated the safety of SPACE when
the perforation occurred on the gastric wall. In SPACE
group, both intra-gastric and intra-abdominal pressures
remained within the preset pressure range (up to 8 mmHg).
On the contrary, in control group, intra-abdominal pressure
elevated gradually as the intra-gastric pressure elevated.
The pressures reached over 50 mmHg in 180 s. When we
encounter visceral perforation in a clinical setting, we tend
to insufflate the lumen continuously in order to keep
visualization and working space. This may cause massive
gas migration to the peritoneal cavity via the perforated
site, and the resultant excessive pneumoperitoneum may
give rise to lethal consequences such as ACS [I-5]. In
SPACE, the insufflation is automatically terminated when
the intra-luminal pressure reaches to the preset value. The
intra-luminal pressure is continuously feedback to the
endoscopist.

Our study suggested that an insidious over-insufflation
can be avoidable under SPACE

There are several limitations in this study. First, this was
an acute animal study with relatively small sample size.
Further evaluation using larger number of animals will be
necessary, to address the true effectiveness of gastric
SPACE. Second, the gastric perforation was created from
the serosal side, not from the mucosal side. This was due to
extremely thick gastric wall of porcine, which was difficult
to be perforated endoscopically in a standardized fashion.
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Lastly, we used continuos forceful insufflation in perfora-
tion study. The primary goal of the experiment was to
clarify pressure profiles in perforated stomach; therefore,
the experiment was performed under extreme setting. A
manual “on-and-off” insufflation should be used to further
demonstrate more practical pressure changes in case of
gastric perforation.

Conclusions

SPACE is feasible in the stomach using modified over-tube
system. It is safe and potentially effective for lengthy and
complicated endoscopic procedures such as ESD. Although
its true effectiveness must be verified in future clinical
trials, SPACE might become a key technology in advanced
endoscopic interventions.
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Future of NOTES:

A new tool box from ENGINE
for next generation endoscopy

Kiyokazu Nakajima, MD, FACS

Division of Collaborative Research for Next Generation Endoscopic Intervention
The Center for Advanced Medical Engineering and Informatics

Department of Gastroenterological Surgery
Graduate School of Medicine
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Current flexible Gl endoscopy

« Originally developed for diagnostic purpose

« Various interventions driven by gastroenterologists
« NO CHANGE in basic design > 50 years !
» Chance of renovation triggered by NOTES

Are we asking it to perform tasks
it was not designed to do ?
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Towards NOTES

« Immediate destruction doesn’t seem likely
» Too many features in a single endoscope

» Too many tasks for a single operating endoscopist
4 A

* insufflation .
tasks done automatically

. irrigation/suction and/or done by assistant
in laparoscopic surgery

L traction/retraction y

» device manipulation

A tool box for advanced endoscopy

« Should contains accessories that enhance gradual
transformation of current endoscopes

» Should be a set of devices that make “assistant
tasks” independent from endoscopes

* insufflation
* irrigation/suction

« traction/retraction
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» Future operating endoscopist should be free from
assisting tasks e.g. insufflation and suction

* The tool box should contain accessories that make
assistant tasks independent from endoscopsit

» Current endoscopes will be gradually transformed
with gradual acceptance of new accessories

Kiyokazu Nakajima, MD
2014, Barcelona, Spain
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Endoscopic Insufflation Revisited

from air to CO2, from manual to automatic
Kiyokazu Nakajima, MD, FACS

Division of Next Generation Endoscopic Intervention (Project ENGINE)
The Center for Advanced Medical Engineering and Informatics

Department of Surgery
Graduate School of Medicine

powered by”
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History of CO2 endoscopy

First introduced in colonoscopy

« To prevent gas combustion during electrosurgical
polypectomies in 195X

» Re-discovered in 198X to reduce abdominal pain
and bloating after outpatient colonoscopy

« Gradually accepted in early 200X as dedicated
equipment became commercially available
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Minimizing postcolonoscopy abdominal pain by using CO2
insufflation: a prospective, randomized, double blind,
controlled trial evaluating a new commercially available
CO2 delivery system.

Sumanac K et al: Gastrointest Endosc 2002; 56: 190-4

RCT in Canada, n=97, outpatient setting

- Olympus ECR COz2 insufflator
- VAS pain scoring @ 0, 1, 6, 24 hr after colonoscopy
- AXR to evaluate residual gas @ 1 hr after colonoscopy

# + CO2 reduced pain 1/ 6 hr after colonoscopy
+ CO2 reduced gas 1 hr after colonoscopy
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Gas does not migrate into downstream
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SPACE, its clinical introduction

We have four techniques:

Leak Cutter and new Gl

1. The original SPACE technique using overtube,

insufflator

. Overtube-less technique using biopsy channel

for insufflation (for diagnostic purpose)
Overtube-less technique using double channel

endoscopy

Impact Shooter technique using transparent
distal attachment with tube for insufflation
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» Carbon dioxide is now replacing room air as
insufflating agent in flexible Gl endoscopy

» Pressure-regulated insufflation is feasible,
safe and effective in both upper & lower Gl
endoscopy

» Pressure-regulated insufflation may be key
technology for future endoscopy including
robot and NOTES
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