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Beyond doubt, laparoscopic cholecystectomy has changed
the focus of surgery and the mind-set of nearly all sur-
geons. For this reason, the initial natural orifices
translumenal endoscopic surgery (NOTES) project focused
on cholecystectomy, which seemed to be the most logical
and appealing clinical application.

The first reports on cholecystectomy confirmed the fea-
sibility of NOTES but identified substantial technical limits
because of exposure, endoscope stability issues, and limita-
tions in the control of dissection tools [1, 2]. These limitations
led to experimentation with other natural orifice accesses: the
colon, the urinary bladder, and combined routes [3, 4].

Although transcolonic cholecystectomy has been
reported in survival studies, to date, the feasibility of
transgastric cholecystectomy has been described only in
nonsurvival animal models [1, 2, 5]. We report the suc-
cessful performance of transgastric cholecystectomy with
survival in a porcine model.

Materials and methods
Animals

Six female pigs weighing 25 to 30 kg were used in this
study. All the animals were managed according to the
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French laws for animal use and care as well as the direc-
tives of the European Community Council (number 86/
609/EEC).

Preoperative preparation

The pigs were deprived of food for 48 h before surgery.
Premedication consisted of intramuscularly injected keta-
mine 7 ml and 3 ml of a solution containing with
azaperone, methylene parahydroxybenzoate and propyle
parahydroxybenzoate (Stresnil; Janssen-Cilag, Berchem,
Belgium). General anesthesia was induced with intrave-
nous (IV) propofol 10 ml/30 kg and pancuronium 2 ml.
After endotracheal intubation, anesthesia was maintained
with isofluorane 2%.

All the animals received antibiotic prophylaxis with an
IV injection of cephalexin 1 g. After intubation, an
orogastric tube was placed, and a gastric lavage was per-
formed with 1,500 ml of sterile saline solution 0.9%. Once
the stomach was adequately cleaned, an antibiotic sus-
pension (cephalexin 1 g + 250 ml of saline solution 0.9%)
was instilled through the orogastric tube and left in place
for 10 min.

Procedure

The animals were placed in supine position. A sterile
double-channel video gastroscope (Karl Storz Endoscopy,
Tuttlingen, Germany) was inserted orally into the stomach.
The gastrotomy site was carefully chosen by observation of
the indentation on the gastric wall produced by palpation of
the anterior abdominal wall (percutaneous endoscopic
gastrostomy [PEG] technique). A needleknife (Microknife,
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Boston Scientific, Natick, MA, USA) with monopolar
energy was used to make a 1.5-cm-long incision on the
anterior gastric body. The metallic tip of the needleknife
then was retracted, and the catheter was pushed through the
gastrotomy as a guide for advancing the video gastroscope
into the peritoneal cavity. Once the endoscope was in the
abdomen, the needleknife was retrieved and an abdominal
exploration was performed to rule out any damage that may
have occurred during performance of the gastrotomy.

After a peritoneoscopy, the gallbladder was visualized
using a particular position of the endoscope in retroflexion
that allowed for normal orientation of the operative image
(Fig. 1). A Veress needle was inserted into the right
subcostal region through a 1.5-mm skin incision to
insufflate carbon dioxide and then to monitor the pneu-
moperitoneum. The needle was used to retract the fundus
of the gallbladder and help in the exposure of Calot’s
triangle.

All the surgical principles of cholecystectomy were
strictly respected. The elements of Calot’s triangle were
clearly identified, with excellent visualization of the cystic
duct and artery, which were secured with endoclips (Ez-
clip; Olympus, Tokyo, Japan) and divided (Fig. 2). The
gallbladder was dissected away from the intrahepatic fossa
with an endoscopic grasper and a unipolar round-tip elec-
trode (Karl Storz Endoscopy, Tuttlingen, Germany). The
dissection then was performed toward the gallbladder
fundus.

Once resected, the gallbladder was caught with a snare
and retrieved from the abdominal cavity through the gas-
trotomy in one piece. The gallbladder fossa was washed
and inspected to rule out bleeding, liver bed laceration, or
bile leak. Adjacent organs also were examined carefully for
evidence of inadvertent injury.

Fig. 2 Endoscopic view of the cystic pedicle with endoclips in place

The pneumoperitoneum was evacuated through the
Veress needle with suction from the endoscope. The
endoscope was retracted into the stomach, and the gas-
trotomy was closed using a 27- to 30-mm polyethylene
terephthalate cardiac septal occluder (Occlutech; Jena,
Germany) according to a previously described method [6]
(Fig. 3).

Postoperative care

After surgery, all the pigs received an IV injection of of
flunixine (meglumine) 2 ml/50 kg as analgesic antiin-
flammatory agent. They were extubated, recovered, and
kept in stalling in individual cages. Oral antibiotics (300
mg of oral cephalexin) were administered daily for 5 days.

Fig. 1 Endoscopic view of the gallbladder

Fig. 3 Gastric closure with the occluder
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A regular diet was resumed within 24 h after the procedure.
All the animals were monitored daily for signs of distress
or changes in their feeding habits.

Follow-up evaluation

Postoperative follow-up assessment included gastroscopy 1
and 2 weeks after the initial procedure and laparoscopy on
postoperative day 12. Gastroscopy was performed to check
the gastrotomy site. Laparoscopy allowed for examination
of the peritoneal cavity to find evidence of infection,
abscess, bile, or digestive leak and adhesions.

Results

Transgastric cholecystectomies were successfully per-
formed in all cases with no intraoperative or postoperative
complications. In all cases, it was possible to reproduce the
position of the endoscope to obtain a “normal” anatomic
orientation of the operative field. Four of the six pigs
experienced perforation of the gallbladder during dissec-
tion. Three injuries were due to cautery, and one was
caused by the grasper.

The mean operative time was 60 min (range, 40-120
min), which dramatically decreased with experience. All
the animals thrived in the postoperative period, with
appropriate weight gain. Follow-up endoscopy at 1 and 2
weeks showed a successful and secure closure of the gas-
trotomy. Laparoscopic exploration of the peritoneal cavity
demonstrated minimal thin adhesions in the right hypo-
chondrium of all the animals. The gallbladder fossa was
clean (Fig. 4). There were no signs of bile leak or infection.

Fig. 4 Laparoscopic view of the gallbladder fossa on postoperative
day 12
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Loose and thin adhesions were found between the serosal
side of the gastrotomy site and the omentum.

Discussion

Cholecystectomy is a good model of human ingenuity and
technological advance that can help patients by reducing
the trauma and discomfort associated with surgery.
Langenbuchs’ open cholecystectomy remained the gold
standard for more than a century [7]. The latest variations
of the technique focused on decreasing the surgical trauma
by reducing the size of the incisions while respecting
careful dissection techniques. Because of socioeconomic
constraints, postoperative pain, length of hospital stay,
recovery period, and cosmetic results became inevitable
surgical end points.

The advent of laparoscopic cholecystectomy confirmed
this trend. Within 2 years, supported by patient demand and
technological developments, the technique was established
as the new gold standard by the most respected health
system authorities [8]. The main justifications for NOTES
confirm this general trend. The hypothesis is that a further
attempt to reduce the surgical trauma will have an impact
on the surgical end points [9]. The potentials and con-
straints of NOTES are still a matter of discussion.

Although transgastric access to the abdominal cavity
seems the route that may dominate NOTES in the future,
some challenging issues remain such as infection risk and
the method of gastric closure, which will need to be
addressed before this technique is introduced into clinical
practice. Initial studies have favored the transgastric
approach, but the gallbladder still seems to be a difficult
target. The main limitations identified by the investigators
are difficulty related to identification of the gallbladder, a
disorienting retroflex position for working, and the need to
operate and provide retraction with inadequate instruments.

To overcome the limitation of isolated transgastric
access, other translumenal accesses alone or combined
(transcolonic, transgastric, and transvesical) and the use of
multiple scopes (Swain) or multichannel prototype instru-
ments with stabilization technology (Shapelock, USGI, San
Clemente, California) have been described [1—4]. Although
the transcolonic approach to the gallbladder has been
reported as successful by Pai et al. [14] in a survival model,
to date, transgastric cholecystectomy has been reported
only in nonsurvival studies [1, 2, 4, 5].

One definitive asset of the transcolonic approach is
direct access to the biliary structures and ease of endoscope
maneuvers, avoiding the paradoxical motion often associ-
ated with a retroflex position [5]. However, this route raises
a number of questions about the increased risks of infec-
tion. The transvaginal approach, used for years for different
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surgical procedures, mimics the advantages of the tran-
scolonic approach and may be the ideal route, with its
intrinsic limitations [10].

Other issues appear as prerequisites to any clinical
application and route of NOTES cholecystectomy: safety of
the incision to the chosen hollow organ, safety of the
entrance to the peritoneal cavity, and monitoring of the
pneumoperitoneum. If the first issue can be addressed using
a PEG-like technique in the transgastric route, the latter is
not yet integrated into the conventional flexible endoscopes
[11, 12]. There is still a need for transparietal monitoring
using a laparoscopic Veress needle. The needle port will be
used to insufflate carbon dioxide, monitor the intraperitoneal
pressure, and retract the fundus of the gallbladder. Until the
availability of dedicated NOTES endoscopes, we believe the
safest technique is one that incorporates needle-scope
monitoring of the entrance in the peritoneal cavity as well as
the pneumoperitoneum while providing exposure [13].

Our report is a tentative attempt at overcoming the
major issues of transgastric cholecystectomy. The success
rate was 100% using a standard double-channel video
flexible gastroscope and standard endoscopic instruments.
The quality of the operative view obtained with the endo-
scope was excellent. At no stage of the procedures was
there a need to switch to a laparoscopic view or to intro-
duce a laparoscopic instrument other than the Veress
needle to provide exposure and monitoring of the intra-
peritoneal pressure. The particular position of the scope
provided a normal anatomic orientation of the operative
field. This visualization, similar to that achieved during
laparoscopy, facilitated the critical steps during dissection,
minimizing surgical error.

All the principles of cholecystectomy were strictly
respected. No bleeding or laceration of the liver bed
occurred during the procedure. The cystic duct and artery
were properly dissected, secured with endoclips, and
divided. The combination of grasping and cutting with the
endoscopic instruments and the deflection movements of
the endoscope tip were used to accomplish the dissection.
Perforation of the gallbladder during dissection did not lead
to any perioperative or postoperative complication. How-
ever, this risk will be another important issue to consider
before patients with multiple gallstones are subjected to
transgastric cholecystectomy.

The standard endoscopic dissecting and grasping tools
used were partially if not totally responsible for the gall-
bladder perforations. The enormous dependence of
surgeons on instrument manufacturers for progress in
NOTES is apparent. There is an urgent need for more
effective flexible endosurgical tools, which frankly are
poor currently.

Follow-up endoscopy and laparoscopy demonstrated the
effectiveness of the gastric closure with a modified cardiac

septal occluder. Minimal adhesions, comparable with those
observed after a laparoscopic cholecystectomy, were
present in the right hypochondrium. The peritoneal cavity
was intact, with no signs of infection, bile leak, or injury to
adjacent organs.

Conclusions

This study demonstrated the technical feasibility and safety
of transgastric cholecystectomy and provided the first
report on a survival porcine model. Major issues related to
the transgastric route, infection, gastric incision and clo-
sure, visualization, exposure, and dissection were
surmounted by this technique using standard flexible
endoscopic tools. The 100% success rate was obtained at
the cost of a 1.5-mm abdominal puncture in the right
hypochondrium. Transgastric cholecystectomy is not far
from application to humans.

References

1. Park PO, Bergstrom M, Ikeda K, Fritscher-Ravens A, Swain P
(2005) Experimental studies of transgastric gallbladder surgery:
cholecystectomy and cholecystogastric anastomosis. Gastrointest
Endosc 61:601-606

2. Swanstrom LL, Kozarek R, Pasricha PJ, Gross S, Birkett D, Park
PO, Saadat V, Ewers R, Swain P (2005) Development of a new
access device for transgastric surgery. J Gastrointest Surg
9:1129-1136

3. Fong DG, Pai RD, Thompson CC (2007) Transcolonic endo-
scopic abdominal exploration: a NOTES survival study in a
porcine model. Gastrointest Endosc 65:312-318

4. Rolanda C, Lima E, Pego JM, Henriques-Coelho T, Silva D,
Moreira I, Macedo G, Carvalho JL, Correia-Pinto J (2007) Third-
generation cholecystectomy by natural orifices: transgastric and
transvesical combined approach. Gastrointest Endosc 65:111-117

5. Pai RD, Fong DG, Bundga ME, Odze RD, Rattner DW,
Thompson CC (2006) Transcolonic endoscopic cholecystectomy:
a NOTES survival study in a porcine model. Gastrointest Endosc
64:428-434

6. Perretta S, Sereno S, Forgione A, Dallemagne B, Coumaros D,
Marescaux J (2007) A new method to close the gastrotomy by
using a cardiac septal occluder: long-term survival study in a
porcine model. Gastrointest Endosc 66:809-813

7. Rains AJ (1982) A thought for Carl Langenbuch (1846-1901): a
centenary. Ann R Coll Surg Engl 64:268-269

8. Gallstones and laparoscopic cholecystectomy (1992) NIH Con-
sensus Statement 10:1-28

9. Kalloo AN, Singh VK, Jagannath SB, Niiyama H, Hill SL,
Vaughn CA, Magee CA, Kantsevoy SV (2004) Flexible trans-
gastric peritoneoscopy: a novel approach to diagnostic and
therapeutic interventions in the peritoneal cavity. Gastrointest
Endosc 60:114-117

10. Cook JR, O’Shea RT, Seman EI (2004) Laparovaginal hyster-
ectomy: a decade of evolution. Aust N Z J Obstet Gynaecol
44:111-116

11. Kantsevoy SV, Jagannath SB, Niiyama H, Isakovich NV, Chung
SS, Cotton PB, Gostout CJ, Hawes RH, Pasricha PJ, Kalloo AN

@ Springer



1130

Surg Endosc (2008) 22:1126-1130

(2007) A novel safe approach to the peritoneal cavity for per-oral
transgastric endoscopic procedures. Gastrointest Endosc 65:497—
500

. Meireles O, Kantsevoy SV, Kalloo AN, Jagannath SB, Giday SA,

Magno P, Shih SP, Hanly EJ, Ko CW, Beitler DM, Marohn MR
(2007) Comparison of intraabdominal pressures using the gas-
troscope and laparoscope for transgastric surgery. Surg Endosc
21(6):998-1001

@ Springer

13.

14.

Reddy DN, Rao GV (2007) Transgastric approach to the perito-
neal cavity: are we on the right track? Gastrointest Endosc
65:501-502

Pai RD, Fong DG, Bundga ME, Odze RD, Rattner DW,
Thompson CC (2006) Transcolonic endoscopic cholecystectomy:
a NOTES survival study in a procine model (with video). Gas-
trointest Endosc 64(3):428-434



	Natural Orifice Transluminal Endoscopic Surgery: Transgastric Cholecystectomy in a survival porcine model
	Materials and methods
	Animals
	Preoperative preparation
	Procedure
	Postoperative care
	Follow-up evaluation

	Results
	Discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


