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Abstract
Background: The peroral transgastric endoscopic approach for intraabdominal procedures appears to be
feasible, although multiple aspects of this approach remain unclear. This study aimed to measure intraperitoneal pressure in a porcine model during the peroral
transgastric endoscopic approach, comparing an endoscopic on-demand insuﬄator/light source with a standard autoregulated laparoscopic insuﬄator.
Methods: All experiments were performed with 50-kg
female pigs under general anesthesia. A standard upper
endoscope was advanced perorally through a gastric
wall incision into the peritoneal cavity. The peritoneal
cavity was insuﬄated with operating room air from an
endoscopic light source/insuﬄator. Intraperitoneal
pressure was measured by three routes: (1) through the
endoscope biopsy channel, (2) through a 5-mm transabdominal laparoscopic port, and (3) through a 16gauge Veress needle inserted into the peritoneal cavity
through the anterior abdominal wall. The source of
insuﬄation alternated between on-demand manual
insuﬄation through the endoscopic light source/insufﬂator using room air and a standard autoregulated
laparoscopic insuﬄator using carbon dioxide (CO2).
Results: Six acute experiments were performed. Intraperitoneal pressure measurements showed good correlation regardless of measurement route and were
independent of the type of insuﬄation gas, whether
room air or CO2. On-demand insuﬄation with the
endoscopic light source/insuﬄator resulted in a wide
variation in pressures (range, 4–32 mmHg; mean,
16.0 ± 11.7). Intraabdominal pressures using a standard autoregulated laparoscopic insuﬄator demonstrated minimal ﬂuctuation (range, 8–15 mmHg; mean,
11.0 ± 2.2 mmHg) around a predetermined value.
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Conclusion: Use of an on-demand unregulated endoscopic light source/insuﬄator for translumenal surgery
can cause large variation in intraperitoneal pressures
and intraabdominal hypertension, leading to the risk of
hemodynamic and respiratory compromise. Safety may
favor well-controlled intraabdominal pressures achieved
with a standard autoregulated laparoscopic insuﬄator.
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Several investigators have demonstrated the feasibility
of using transgastric peritoneoscopy to carry out diagnostic and therapeutic interventions for intraabdominal
organs [2, 7, 9–11, 15, 17, 18]. Similar to laparoscopic
procedures, transgastric surgery requires a pneumoperitoneum to create a potential working space. Laparoscopic insuﬄators are autoregulated and generate
stable preset intraabdominal pressure using carbon
dioxide (CO2) gas.
Our previous transgastric experiments have demonstrated that adequate pneumoperitoneum can be created
through hand-activated on-demand insuﬄation with
operating room air using a standard ﬂexible endoscope
and a standard endoscopic light source/insuﬄator [9].
Standard endoscopic light source/insuﬄators do not,
however, monitor or regulate intraperitoneal pressure
from the insuﬄated room air.
The current study aimed to measure intraperitoneal
pressure in a live porcine model during transgastric
surgery, comparing insuﬄation from an endoscopic
unregulated light source/insuﬄator using room air with
a standard autoregulated laparoscopic insuﬄator using
CO2.
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Methods

Table 1. Comparison of intraabdominal pressure measurements
(mmHg) during insuﬄation

This study was approved by the Johns Hopkins University School of
Medicine Animal Care Institutional Review Board. We performed six
acute experiments using 50-kg pigs (Sus scrofus domesticus). All procedures were performed with the animals under 1.5% to 2% isoﬂurane
general anesthesia using 7-mm endotracheal intubation (Mallinckrodt
Co, C. D. Juarez, Chih, Mexico). Preanesthesia medications consisted
of intramuscular injection of 100 mg/ml Telazol (tiletamine HCl C
zolazepam HCl; Lederle Parenterals, Inc, Carolina, Puerto Rico)
reconstituted with 100 mg/ml of ketamine HCl and 100 mg/ml of xylazine at a total dose of approximately 0.05 ml/kg. The marginal ear vein
was injected with 1 g of thiopental sodium at a dose of 6.6 to 8.8 mg/kg.
A forward-viewing double-channel upper endoscope (GIF2T160; Olympus Optical Co Ltd., Tokyo, Japan) inside an overtube
(Olympus Optical Co Ltd.) was advanced into the pigÕs stomach. A
20-mm-long gastrotomy was completed with an endoscopic needle
knife (KD-10Q-1.A; Olympus Optical Co Ltd.) and a pull-type
sphincterotome (210Q-0720; Olympus Optical Co Ltd.), as previously
described [9, 10, 11].
The endoscope was advanced into the peritoneal cavity, and
pneumoperitoneum was created using hand-activated on-demand
insuﬄation of operating room air through the endoscope from a
standard endoscopic light source/insuﬄator. To assess the intraperitoneal pressure, a 16-gauge Veress needle was placed into the peritoneal cavity through puncture of the anterior abdominal wall in the left
upper quadrant and connected via a stopcock and tubing system to a
standard autoregulated laparoscopic insuﬄator equipped with a builtin manometer (Electronic Endoﬂator 264305 20; Karl Storz, Tuttlingen, Germany) that had the insuﬄation mode turned oﬀ.
Next, the laparoscopic insuﬄator tubing was disconnected from
the Veress needle and switched to another stopcock connected to a
5-mm laparoscopic trocar placed through the abdominal wall in the
mid-abdomen to validate pressure measurement correlation. The
tubing ﬁnally was connected to the ﬂexible endoscope biopsy channel
via a stopcock to correlate pressure measurement as well.
All procedures started with hand-activated on-demand insuﬄation, then switched to automated mode, with a setting point pressure of
12 mmHg and 10 l/min of CO2. Transgastric cholecystectomy was
performed using a ﬂexible endoscope under laparoscopic observation
according to a previously described technique. The cystic artery and
duct were clipped with single-use endoscopic clips (Resolution; Boston
Scientiﬁc Microvasive, Natick, MA, USA) or a multiple clip applicator
(Ethicon, Endo-Surgery Inc, Cincinnati, OH, USA). The cystic artery
and duct were divided, and the gallbladder was separated from the
liver with the needle knife (KD-10Q-1.A; Olympus Optical Co Ltd.).
The specimen was removed from the peritoneal cavity through the
gastric wall incision.
The insuﬄation source was changed every 10 min, alternating between on-demand insuﬄation from a standard unregulated endoscopic
light source/insuﬄator using operating room air and a standard autoregulated laparoscopic insuﬄator using CO2 gas. During each procedure, a preassigned member of the research team gathered the pressure
data from three diﬀerent sites every 10 min: from a 16-gauge Veress
needle placed across the abdominal wall, from the biopsy channel of the
ﬂexible endoscope, and from a 5-mm laparoscopic trocar inserted into
the peritoneal cavity through the anterior abdominal wall. Three-way
stopcocks were placed at each site to facilitate pressure measurements
from each site without loss of insuﬄated gas. The pressure was measured by connecting the laparoscopic insuﬄator tubing to the site to be
measured, and the numbers were recorded on a dedicated sheet per
procedure.
The pressure from the three sites for each interval were recorded,
and the mean pressure was placed in a table for statistical correlation
using one-way analysis of variance (ANOVA). Also, the mean pressure
from the three sites of measurement during hand-activated and automated insuﬄations were used to compare statistical diﬀerences
between the pressures generated with the two diﬀerent methods of
insuﬄation using the t-test.
After the pressure numbers were obtained and before the insufﬂation mode was switched, the pneumoperitoneum was deﬂated to a
pressure of 5 mmHg to avoid overlapping of the working space from
the previous mode with the next. Then the necessary insuﬄation to
create a new working space was provided.

Hand activated on-demand insuﬄation
(minutes)
10
1
2
3
4
5
6
Range
Mean
SEM
a

4
12
8
18
28a
16

30
18
6
22
10
18
8

50
a

32
18
8
8
12
20

Automated laparoscopic
insuﬄation (minutes)

70

Mean

20

40

60

80

Mean

18
24
6
24
18
28a

18
15
11
15
19
18
4–32
16.0
1.21

15
12
12
11
9
10

8
13
13
10
10
12

13
10
9
10
11
11

11
11
10
11
10
11

12
11.5
11
10.5
10
11
8–15
11.0
0.29

Untoward hemodynamic and/or respiratory events noted

Each animal had pulse oxymetry to assess oxygenation and pulse.
No invasive monitoring was used to assess hemodynamic changes.
After completion of the endoscopic cholecystectomy, the animals were
sacriﬁced, and necropsy was performed.

Results
All cholecystectomies were performed using a ﬂexible
endoscope and endoscopic accessories. During insuﬄation using the standard autoregulator laparoscopic
insuﬄator, we selected a set point of 12 mmHg, based
on common clinical safety experience and published
animal data on safe intraabdominal pressure for surgical
pneumoperitoneum [1, 3, 8, 14]. Intraabdominal pressure measurements showed good correlation without
statistically signiﬁcant diﬀerences between the three
measurement routes (a Veress needle, the biopsy channel
of the endoscope, or a standard laparoscopic trocar)
according to one-way analysis of variance (ANOVA)
using a p value of 0.97.
Table 1 presents the interval intraabdominal pressure measurements under both insuﬄation conditions:
on-demand unregulated endoscopic light source/insufﬂator and autoregulated laparoscopic insuﬄator. Handactivated on-demand insuﬄation through the gastroscope using a standard endoscopic light source/insufﬂator showed a wide variation in intraabdominal
pressures (range, 4–32 mmHg; mean, 16.0 ± 11.7
mmHg). In contrast, when the standard autoregulated
laparoscopic insuﬄator with CO2 gas was used, there
were minimal ﬂuctuations around the predetermined set
value of 12 mmHg (range, 8–15 mmHg; mean,
11.0 ± 2.2 mmHg). The diﬀerence between the mean
pressures from the two groups was statistically signiﬁcant (p = 0.00054, t-test). The peak pressure was signiﬁcantly higher when the on-demand endoscopic
insuﬄator was used, showing statistical signiﬁcance with
the t-test (p < 0.0001) (Fig. 1).
During insuﬄation with the autoregulated laparoscopic insuﬄator using CO2 gas, there were no signs of
hemodynamic instability or ventilatory problems. Despite the wide ﬂuctuations in intraabdominal pressure
during unregulated hand-activated insuﬄation of room
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Fig 1. Comparison of peak intraabdominal pressures during insuﬄation.

air through the ﬂexible endoscope from the endoscopic
light source/insuﬄator, only rare signs of tachycardia
and diﬃculty with ventilation were noted by the veterinarian staﬀ. This correlated with intraabdominal hypertension exceeding 25 mmHg during hand insuﬄations.
Necropsy did not show any signs of bleeding, intestinal or liver injury, or other procedure-related complications.
Discussion
Laparoscopic procedures are now widely used and
recognized as safe, less invasive alternatives to
traditional ‘‘open’’ surgery [4, 12, 13]. Transgastric
endoscopic procedures hold the prospect of eliminating
any incision in the abdominal wall and of potentially
further reducing the invasiveness of currently available
surgical procedures [16].
Multiple studies have demonstrated the feasibility of
the transgastric endoscopic approach for diagnostic and
therapeutic interventions within the peritoneal cavity [2,
7, 9–11, 15, 17, 18]. Many questions remain, however,
regarding peroral transgastric interventions. The aim of
these acute experiments was to measure and compare
intraperitoneal pressure in transgastric endoscopic cholecystectomy using the gastroscope during hand-activated on-demand insuﬄation of operating room air
from a hand-controlled endoscopic light source/insufﬂator with insuﬄation using CO2 gas from a standard
autoregulated laparoscopic insuﬄator.
Our experiments demonstrated good correlation
of intraabdominal pressure measurements obtained
through any of three diﬀerent routes: through a 16-gauge
Veress needle placed across the abdominal wall, through
the biopsy channel of the ﬂexible endoscope, and through
a 5-mm laparoscopic trocar inserted into the peritoneal
cavity through the anterior abdominal wall.
During insuﬄation using a standard autoregulated
laparoscopic insuﬄator, intraabdominal pressures varied
little around a preselected set point of 12 mmHg. We
selected 12 mmHg as our set point on the basis of conventional laparoscopic experience that has established
15 mmHg as the upper limit for safe intraabdominal
pressure, with intraabdominal hypertension and associated untoward eﬀects expected above 20 to 25 mmHg
[1, 3, 8, 14]. In our experiments, the intraabdominal

pressures demonstrated minimal variation (range, 8–15
mmHg; mean, 11.1 ± 2.2 mmHg). Automated insuﬄation of CO2 via the laparoscopic insuﬄator signiﬁcantly
decreased variations in intraabdominal pressure. Use of
the standard autoregulated laparoscopic insuﬄator for
transgastric surgery maintained intraabdominal pressure
within what is recognized as safe levels, with the highest
peak pressure reaching 15 mmHg.
During the periods of hand-activated on-demand
insuﬄation through the gastroscope from a standard
hand-activated endoscopic light source/insuﬄator, wide
variation in intraabdominal pressure was observed
(range, 4–32 mmHg; mean, 16 ± 11.7 mmHg).
Hand-activated insuﬄation generated intraabdominal pressures as high as 32 mmHg, more than twice the
traditional 15 mmHg level recognized in laparoscopic
surgery as the upper limit for safe pneumoperitoneum.
These large variations and episodes of high intraabdominal hypertension potentially can lead to hemodynamic and/or respiratory adverse eﬀects. Even in our
relatively small series of six animals, we noted occasional hemodynamic instability, ventilatory diﬃculties,
or both during periods of hand-activated insuﬄation,
which correlated with intraabdominal pressures greater
than 25 mmHg.
Intraabdominal pressure measurements did not vary
according to the insuﬄated gas used, whether room air or
CO2. The pneumoperitoneum was adequate regardless of
the source of insuﬄation or gas used for insuﬄation.
Room air is routinely used for endoscopic procedures inside the gastrointestinal tract. It has the
advantage of universal availability without extra cost. It
was not a purpose of our study to compare the diﬀerences between CO2 and room air because these have
been exhaustively studied and reported in the laparoscopic literature [17]. However, it is still important to
stress that room air carries the risk of combustion if
used for procedures in which cauterization or laser use
are required. Also, room air has been associated with a
greater rate of wound infection than CO2 [6], which in
addition has been shown to modulate the peritoneal
host defenses and inﬂammatory response to sepsis [5].
Therefore, during transgastric intraperitoneal procedures, CO2 insuﬄation will have multiple advantages
over the room air insuﬄation via the ﬂexible endoscope.
In conclusion, the use of the on-demand unregulated endoscopic light source/insuﬄator for transluminal surgery can cause large variation in intraperitoneal
pressures and intraabdominal hypertension, leading
to hemodynamic and respiratory compromise. Safety
may favor well-controlled intraabdominal pressures
achieved with a standard autoregulated laparoscopic
insuﬄator.
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