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NOTES for the management of an intra-abdominal
abscess: transcolonic peritonoscopy and abscess
drainage in a canine model

Background: We studied natural orifice transcolonic drainage of intra-abdominal
abscesses in a canine survival model to evaluate the difficulty of peritonoscopy and
abscess drainage and the reliability of endoluminal colotomy closure.

Methods: We placed a 7 cm nonsterile saline-filled latex balloon intra-abdominally
to mimic or induce an abscess or inflammatory mass. Seven days later, we advanced a
single-channel endoscope transanally into the sigmoid colon of the animal, made a
colotomy and then advanced the endoscope intraperitoneally. We evacuated the iden-
tified abscess and placed a drain transabdominally. We closed the colotomy endolumi-
nally with a tissue approximation system using 2 polypropylene sutures attached to
metal T-bars. Two weeks later, we evaluated the colotomy closure at laparotomy. 

Results: We studied 12 dogs: 8 had subphrenic balloon implants and 4 had inter-
bowel loop implants. Eleven survived and underwent transcolonic peritonoscopy; we
identified the “abscess” in 9. The colotomy was successfully closed in 10 of 11 dogs.
Although abscesses were easily identified, the overall difficulty of the peritonoscopy
was moderate to severe. One dog required colotomy closure via laparotomy, while 9
had successful endoluminal closure. After colotomy closure, 8 animals survived for
2 weeks (study end point) without surgical complications, sepsis or localized abdom -
inal infections. On postmortem examination, all closures were intact without any adja-
cent organ damage or procedure-related complications. 

Conclusion: Natural orifice transluminal endoscopic surgery provides a novel alter-
native to treating intra-abdominal pathology. It is technically feasible to perform
endoscopic transcolonic peritonoscopy and drainage of an intra-abdominal abscess
with reliable closure of the colotomy in a canine experimental model.

Contexte : Nous avons étudié le drainage transcolique par voie naturelle d’abcès intra-
abdominaux dans un modèle canin de survie afin d’évaluer la difficulté de la péritono-
scopie et du drainage des abcès, ainsi que la fiabilité de la fermeture endoluminale de la
colotomie.

Méthodes : Nous avons inséré un ballonnet de latex de 7 cm non stérile empli de
solution physiologique par voie intra-abdominale pour simuler ou induire un abcès ou
une masse inflammatoire. Sept jours plus tard, nous avons introduit un endoscope à
simple canal par voie transanale jusqu’au sigmoïde de l’animal, procédé à une colo-
tomie et ensuite poussé l’endoscope dans le péritoine. Nous avons vidé l’abcès observé
et placé un drain par voie transabdominale. Nous avons ensuite procédé à une ferme-
ture endoluminale de la colotomie avec un système de rapprochement tissulaire uti -
lisant 2 sutures de polypropylène fixées à des pièces métalliques en T. Deux semaines
plus tard, nous avons évalué la fermeture de la colotomie par laparotomie. 

Résultats : Notre étude a porté sur 12 chiens : 8 avaient un ballonnet implanté au
niveau sous-phrénique et 4, entre les anses intestinales. Onze ont survécu et ont subi
la péritonoscopie transcolique; nous avons retracé « l’abcès » chez 9 d'entre eux. La
colotomie a été refermée avec succès chez 10 chiens sur 11. Même s’il a été facile de
retracer les abcès, la difficulté globale de la péritonoscopie a été jugée de modérée à
marquée. Un chien a eu besoin d’une fermeture de colotomie par laparotomie, tandis
que la fermeture endoluminale a réussi chez 9 animaux. Après la fermeture de la colo-
tomie, 8 chiens ont survécu 2 semaines (fin de l’étude) sans complications chirurgi-
cales, sepsis ni infections abdominales localisées. À l’autopsie, toutes les fermetures
étaient intactes, sans atteinte aux organes adjacents ni complications des suites de
 l’intervention. 
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Intra-abdominal abscesses are commonly encountered in
clinical practice. Although multiple methods exist for their
drainage, adding natural orifice transluminal endoscopic

surgery (NOTES) to the armamentarium of the clinician
may allow for drainage of some difficult-to-reach abscesses
that are not deemed optimal for radiologically guided percu-
taneous drainage and that would otherwise necessitate treat-
ment with open or laparoscopic surgery. Management of an
intra-abdominal abscess by transcolonic endoscopy involves a
number of important considerations: safe creation of a colot -
omy, performance of an adequate peritonoscopy, accurate
identification and drainage of an abscess, removal of necrotic
tissue if present, and performance of a reliable colotomy clo-
sure, all while minimizing risks of any resultant surgical site
infection and diffuse sepsis. To evaluate the safety and feas -
ibility of employing NOTES for abdominal abscess manage-
ment and colotomy closure, we developed a short survival
animal model. We hypothesized that transcolonic periton -
oscopy and drainage of an intra-abdominal abscess could be
safely performed in a canine model with adequate closure
and healing of the colotomy access site.

METHODS

This study was approved by the Institutional Animal Care
and Utilization Committee (IACUC) at the Cleveland
Clinic Foundation (CCF) and was conducted in accor-
dance with the U.S. Department of Agriculture Animal
Welfare Act, Public Health Service policy, the Health
Research Extension Act (PL99–158) and CCF policy. All
animals were housed and cared for at the Cleveland Clinic
Biological Resources Unit.

We used 12 dogs (average weight 26 kg) for this 3-phase
survival study. Phase 1 involved inducing an intra-abdominal
abscess in 1 of 2 locations: the left subphrenic space or the
lower abdomen between bowel loops. Phase 2 began after
7 days and involved performing the transcolonic diagnostic
peritonoscopy, drainage of the abscess and closure of the
colotomy. Two weeks later, the surviving animals entered
phase 3 of the study, in which they were euthanized and in
which we evaluated the reliability of colonic closure for pres-
ence or absence of complete healing. We also looked for
abscesses, fistulas, gross macroscopic acute inflammation and
surrounding organ injury. The experimental methods are
described in more detail in the sections that follow.

Animal preparation and anesthesia

Animals were fed a liquid diet for 2 days before the initial

laparotomy, which was performed to induce abscess for-
mation. The dogs were also kept fasting for 12 hours
before a planned procedure. We applied a 75 µg/h fen-
tanyl patch the night before surgery for perioperative pain
control. The morning of the procedure, a peripheral intra-
venous line was placed. Antibiotic prophylaxis was not
used since the goal was to induce intra-abdominal abscess
formation. All procedures (surgical and/or endoscopic)
were performed under general anesthesia. We used a load-
ing dose of intravenous thiopental (20mg/kg) for induc-
tion, and the dose was titrated to effect. After intubation,
we maintained anesthesia using inhalation isoflurane (1%–
2.5%). We used a 75 mcg/h fentanyl patch (100 mcg/h for
dogs > 30 kg) for postoperative analgesia.

Phase 1: intra-abdominal balloon placement

In the supine position and under general anesthesia, a 10-
top 15-cm midline laparotomy incision was made using a
standard operating aseptic technique. We entered and
explored the abdomen to identify any pre-existing pathol-
ogy. We then implanted a nonsterile latex, saline-filled bal-
loon measuring 7 cm in diameter to induce an inflamma-
tory response (abscess) around the balloon in the left
subphrenic space or between small bowel loops at the
level of the aortic bifurcation in the lower abdomen. The
balloon was secured in place with suture to surrounding
tissue to prevent migration. The abdominal viscera were
returned to the normal position, and the fascia was closed
with 0-prolene suture. The skin was closed in 2 layers
using 3–0 vicryl suture. We monitored the animals post-
operatively for 7 days to allow an inflammatory reaction
and abscess to develop around the balloon. Postoperative
therapy and analgesia were administered according to pro-
tocol and as deemed necessary by our supervising veterin -
arian. The animals had free access to water the night of
the procedure and resumed a regular diet the following
day. We monitored oral intake, hydration status, tempera-
ture and heart rate.

Phase 2: transcolonic NOTES

On the sixth postoperative day, dogs were started on a
clear liquid diet and received a 45 mL phosphasoda mech -
anical bowel preparation. The transcolonic NOTES pro-
cedure was performed the following morning (1 week
after balloon implantation) under general anesthesia and
after administration of a betadine enema immediately
before endoscopy. We administered 30 mg/kg of cefoxitin

Conclusion : La chirurgie endoscopique transluminale par voie naturelle offre une
solution de rechange pour le traitement des pathologies intra-abdominales. Il est possi-
ble au plan technique de réaliser une péritonoscopie transcolique endoscopique et de
drainer un abcès intra-abdominal avec fermeture fiable de la colotomie dans un modèle
expérimental chez le chien.
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intravenously 30 minutes before surgery. A single-channel
therapeutic endoscope was then introduced through the
anus and advanced to the proximal rectum/sigmoid colon,
where a colotomy was created 15–20 cm from the anus.
We marked the site of the colotomy with a resolution clip
placed in the vicinity for easy identification on advance-
ment or withdrawal of the endoscope during the proced -
ure. We used a needle knife to create the colotomy, which
was in turn enlarged with an 18 mm controlled radial
expansion dilating balloon catheter. The scope was then
advanced into the peritoneal cavity, and we used CO2 to
insufflate the abdomen to 8–10 mm Hg and create the
working space. The abdomen was systematically explored.
Changes in the operating table position and endoscopic
bowel manipulation with a flexible atraumatic endoscopic
grasper assisted in evaluating peritoneal reflections in the
pelvis, sigmoid colon, appendix, midjejunum, right lobe of
liver, right subphrenic space, lesser curvature of the stom-
ach and left subphrenic space. For each area examined, the
endoscopist graded the level of difficulty required to
achieve an adequate view of the target area (0 = no diffi-
culty, 1 = minimal difficulty, 2 = moderate difficulty, 3 =
severe difficulty, 4 = unable to achieve an adequate view).

Attention was then turned to the known area of the
abscess (location of the previously placed balloon). The
abscess was exposed, punctured and drained using a needle
through the endoscope. We then passed a closed-suction
drain through a small stab incision in the abdominal wall and
placed it within the abscess cavity using an endoscopic
grasper. The drain was secured in place at the skin and placed
to bulb suction postoperatively. We removed the deflated bal-
loon from the abdominal cavity through the colotomy using
the endoscope and then closed the colotomy using the tissue
approximation system (TAS; Ethicon Endo-surgery, Inc.),
which has been described previously.1 The TAS consisted of a
3–0 polypropylene thread attached to a metal T-tag, which
was loaded in a plastic-covered, long, hollow needle (inner
diameter 0.028 inches + 0.0005 inches/–0.001 inches) with a
stylet to dislodge the T-tag. The loaded system was intro-
duced through a working channel of the endoscope, and the
loaded needle was advanced through the edge of the colo-
tomy under endoscopic vision. By advancing the stylet, the T
portion of the tag was deployed on the serosal side of the
colon and the system removed. The system was reloaded and
the same was performed at the opposite wound edge. We
then tightened both sutures and secured with a knotting ele-
ment (implantable polymer). The closure was tested at the
end of the procedure by its ability to hold gas in the colonic
lumen, thereby maintaining colonic distention under insuf-
flation pressure.

Postoperative management included the administration
of Baytril (5mg/kg) orally once daily for 7 days after sur gery.
We monitored oral intake, hydration status, temperature and
heart rate, and we placed a 75 µg/kg fentanyl patch (100 µg/
kg for dogs > 30 kg) for postoperative pain control. We

administered buprenorphine (0.02 mg/kg) subcutaneously
every 12 hours as needed for breakthrough pain. The ani-
mals were kept on a liquid diet (Boost) for 1 week postoper-
atively and then advanced to a soft regular diet (canned
food). We removed the drain when drainage became serous
or when it decreased below 20 mL in a 24-hour period.

Phase 3: euthanasia and evaluation of abdomen
and colotomy closure

Two weeks after the NOTES procedure, we opened the
previous laparotomy incision under general anesthesia. We
explored the abdomen for signs of inflammation or infec-
tion in the form of peritonitis, abscesses, fistulas, leaks
and/or adhesions. We inspected the integrity of the colo-
tomy and gastrotomy and evaluated the site of the abscess
and drain (if still present). Finally, we administered pento-
barbitol (100 mg/kg) intravenously to euthanize the ani-
mals according to protocol. We resected the segment of
colon containing the former colotomy site for examination.

RESULTS

Our initial sample consisted of 12 dogs, which we studied
between October 2008 and May 2009. Their average weight
was 25.5 (standard deviation of 3.3, range 19.2–29.6) kg.
Eight animals had balloons implanted in the left subphrenic
position, and 4 had an interloop lower abdominal balloon
implant. The flow of animals through different stages of our
experimental protocol is depicted in Figure 1. One dog had
a fascial dehiscence during phase 1 and therefore exited the
study before reaching phase 2. Eleven dogs reached phase 2
and underwent a transcolonic peritonoscopy. Transcolonic
peritoneal access was achieved without any immediate com-
plications in the remaining 11 dogs. At the time of diagnos-
tic peritonos copy and abscess drainage (phase 2), 1 dog
exited the study owing to a bladder injury, leaving 10 dogs

12 dogs entered study 
Mean weight 25.5 kg 

11 dogs had transcolonic peritonoscopy 
“Abscess” identified in 9 of 11

10 dogs had colotomy closure  
NOTES closure in 9; closure via laparotomy in 1

8 dogs reached phase 3 
Intact colotomy closure found in all 8

1 exited study

1 exited study
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Fig. 1. Study sample size and flow of dogs through experimental
protocol.
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for colotomy closure. Of these 10, the first dog in the series
needed its colotomy closed by open laparotomy, and the
other 9 had endoscopic closure of their colotomies using
the TAS system. The overall difficulty of the peritonoscopy
was rated as moderate to severe owing to difficulties en -
countered in viewing lower abdominal organs. Pelvic peri-
toneal reflections and structures were more difficult to
identify and evaluate with an endoscope, as rated by the
operator, than the subphrenic spaces. Most identified
abscesses, however, were seen with minimal difficulty. A
frequency distribution of the relative ease of abscess identi-
fication is depicted in Figure 2. The subphrenic versus
interbowel loop location of the abscess did not appear to
influence the ease of identification (Table 1). After colo-
tomy closure, 8 animals survived for 2 weeks (study end
point) without surgical complications, sepsis or localized
abdominal infections. Two animals exited the study during
phase 2: 1 owing to abdominal wound dehiscence and 1
owing to hemorrhage in the early postoperative period. Of
the 8 animals that reached phase 3, postmortem examina-
tions revealed all closures to be intact without adjacent
organ damage, infection, substantial gross inflammation or
procedure-related complications. We occasionally noted
minor filmy adhesions between the colotomy site and adja-
cent structures (fat or anterior abdominal wall). In vivo and
ex vivo images of a colotomy closed with TAS taken at the
end of the study are shown in Figure 3. In 1 dog, the T-tag
was anchored to the anterior abdominal wall without any
associated injury.

DISCUSSION

Natural orifice transluminal endoscopic surgery is a new
and exciting milestone in surgical endoscopy, where flex -
ible endoscopic equipment is passed through natural ori-
fices to perform visceral incisions and allow access to the
abdominal cavity. Since Kalloo and colleagues2 and Rao
and Reddy3 demonstrated the feasibility of accessing the
peritoneal cavity for diagnostic and therapeutic work
around the turn of the century, there has been marked
enthusiasm for expanding the applicability of NOTES and
for research in the area.4 To promote responsible growth
in this emerging field, a white paper on NOTES was
 produced in October 2005 by a working group from the
Society of American Gastrointestinal and Endoscopic
 Surgeons (SAGES) and the American Society for Gastro -
intestinal Endoscopy (ASGE), later known as the Natural
Orifice Surgery Consortium for Assessment and Research
(NOSCAR). The white paper outlined the fundamental
challenges facing NOTES and the principal areas of
research required for its safe introduction into the clinical
arena.5,6 Choice of access to the peritoneal cavity, reliabil-
ity of visceral closure, prevention of infection, and de -
velopment of stable technology and platforms were some
of the important areas identified for further research and
development.

Whereas initial feasibility experiments used the trans-
gastric approach to the peritoneum,2 there has been recent
interest in other routes of access. In experimental settings,
the peritoneal cavity has also been accessed through the
vagina,7,8 bladder9 and colon.10–12 Working within the
NOSCAR framework for research, to our knowledge, our
group is the first to study the feasibility of diagnosing and
draining an intra-abdominal abscess through the trans-
colonic route in a canine survival model, where access,
 closure and healing of the colotomy were also under in -
vestigation. There are few reports on the transcolonicFr
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Fig. 2. Relative difficulty experienced by an operator using trans-
colonic peritonoscopy to identify an intra-abdominal “abcess.”

Fig. 3. In vivo and ex vivo images of colotomy closure site at the
end of the study. Pointing instruments identify site of healing
after NOTES closure on the external and internal colonic sur-
faces. Intraluminally, a Resolution (metallic clip) is identified,
and the anchor and blue suture from the tissue approximating
system is also noted in the ex vivo resected specimen 2 weeks
after insertion.

Table 1. The relative difficulty experienced by an operator 
using transcolonic peritonoscopy to identify an  
intra-abdominal abcess depending on its location* 

Location Easy Difficult Total 

Subphrenic 4 2 6 

Interloop 1 3 4 

Total 5 5 10 

*Fisher exact test, p = 0.52, indicating no significant association between subphrenic 
or interloop abscess location and ease or difficulty of abscess identification during 
transcolonic peritonoscopy. 
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approach, and the technique has mostly been used in
porcine experiments. Although fraught with concerns
relating to peritoneal infection and sepsis, the transcolonic
approach does offer a unique set of advantages over the
transgastric route.

Our literature review revealed no standardized and
reproducible model of intra-abdominal abscess in dogs. We
developed a model whereby a nonsterile, saline-filled latex
balloon is placed in the peritoneal cavity, and a period of
7 days is allowed for the development of an inflammatory
or infectious mass. At the time of the NOTES procedure,
we observed that an inflammatory reaction to the latex
developed, walling off of the balloon and creating the mass
effect (“abscess”) needed for the purpose of our study. For-
tunately, the animals did not experience florid sepsis be -
tween the time of balloon implantation and the time of
NOTES peritonoscopy. It remains uncertain whether pro-
longing phase 1 of our study would have resulted in more
of an infectious intra-abdominal process versus the inflam-
matory one that we observed or whether that would have
affected efforts at the time of diagnostic NOTES and
abscess drainage due to local or diffuse sepsis or intraperi-
toneal adhesions.

Access to the peritoneal cavity has been experimentally
achieved using flexible endoscopes through various natural
orifices, including the mouth, anus, urethra and vagina. To
this date, the best route and method of access has not been
reliably established. We believe the best NOTES access
will ultimately be procedure-dependent, especially as
advances in instrumentation are made and as our under-
standing and control of the route-specific biology and
pathophysiology improves. Early access techniques were
developed for creating gastrotomies and were later applied
to the colon.2,4,10 The technique used in our study is similar
to that used by others: we used readily available endoscopic
accessories, such as a single-channel endoscope, a needle
knife, endoclips and dilation balloons, to create the colot -
omy. Placing an endoclip in the vicinity of the planned
colotomy was deemed helpful in localizing the incision site
as the endoscope was moved back and forth in the colon.
This clipping technique was preferable to inking the
mucosa in the vicinity so as not to impair visibility from ink
staining in the area during handling. The colonic incision
was created 15–20 cm from the anus, and we found this to
give reliable access to the peritoneal cavity without injury
to adjacent viscera. The incision was made higher in the
colon in the first animal, and this necessitated closure of
the colotomy site through an open laparotomy owing to
difficulties encountered with endoscopic T-tag closure
more than 20 cm from the anal orifice. All other animals
remaining in the study had NOTES closure of their colot -
omy. Our experience with the colotomy at 15–20 cm is
consistent with that of other investigators who found this
location suitable for their transcolonic peritoneal work.1,13,14

A fundamental barrier to moving NOTES from the

experimental to the clinical arena has been the ability to
achieve reliable and uncomplicated closure of the endo-
scopically created visceral incisions.5 In fact, members of
SAGES and ASGE recommended that access site closure
reach 100% reliability before NOTES is approved for
clinical trials in the United States.5,15

Balloon-dilated gastrotomies in a porcine model have
been observed to close spontaneously without specific
efforts directed at closure.16 However, incomplete access
site closure in pigs has also been reported and resulted in
complications as severe as frank peritonitis.17 Questions
then arose as to whether the porcine model is most suited
for peritoneal access studies, especially considering the
microbiologic, immunologic and anatomic issues in pigs
compared with human conditions.2,10,17,18

We investigated colotomy closure in a canine model,
and although bacteriologic examination of the peritoneum
was not performed, there was no evidence of gross peri-
tonitis or severe local pericolonic inflammation in any of
the 8 dogs that reached the study end point. The colotomy
incisions were closed with TAS (metallic T-tags on nonab-
sorbable sutures), and occasionally a Resolution endoclip
was applied to improve on mucosal approximation when
deemed necessary by the operator. Other investigators
have previously described using T-tag anchors for visceral
closure.1,13,14,19,20 Concerns regarding iatrogenic injury to
abdominal organs has arisen. Sumiyama and colleagues19

reported 3 of 24 tags used penetrate surrounding organs,
and Mathews and colleagues13 reported injury to surround-
ing structures in 75% of their cases. Sporn and colleagues1

used the TAS system for colotomy closure with no report -
ed injuries, but this was done with laparoscopic assistance.
Others have demonstrated that without laparoscopic con-
trol, TAS colotomy closures can be safely performed.21

Developers of the TAS system recommend laparoscopic
visualization during deployment of the T-tags. We used a
pure NOTES approach in our experiment without the use
of a laparoscope, and we were able to place T-tags accu-
rately and in a controlled fashion. We experienced oc -
casional technical failures, such as suture wrapping after
introducing the second T-tag suture through the channel
of the endoscope and breakage of the device before de -
ploy ment requiring extra time for reloading. At necropsy,
we found that T-tags anchored to the anterior abdominal
wall in some animals. In 1 animal, bleeding in the post -
operative period after an uneventful colotomy closure dur-
ing NOTES was secondary to a splenic capsule puncture
occurring during T-tag placement and resulting in an in -
itially unrecognized bleeding event presenting as delayed
postoperative hemorrhage. Without laparoscopic control,
penetration of surrounding structures during T-tag place-
ment seems unpredictable. Further work is needed in this
area to study various closure methods (full v. partial thick-
ness) and different closure devices, and many are currently
under active investigation.
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The ability to maintain an insufflated colon and a good
luminal endoscopic view indicated adequate closure of the
colotomy in our experiment. Specific leak tests are not yet
available for this setting. The Hopkins’ group has already
started experimenting with an H2(g)-based leak test in a
porcine model with good results.22 Leak tests may find a
place in this area of NOTES to improve the reliability of
tissue closure, and perhaps more importantly to enhance
the reassurance of obtaining a complete fluid tight closure
at the time of the procedure.

Peritonoscopy through a natural orifice has been shown
to be feasible in several studies in both animal models and
in human case series.2,11,23–26 Our study introduces an
“abscess” into the abdominal cavity to assess transcolonic
peritonoscopy in this setting. Specifically, we wanted to
examine our ability to adequately visualize important pre-
determined areas: the peritoneal reflection in the pelvis,
sigmoid colon, appendix, midjejunum, right lobe of the
liver, right subphrenic space, lesser curvature of the stom-
ach and left hepatic space. For each area examined, the
endoscopist graded the level of difficulty required to
achieve an adequate view of the target area on a 5-point
scale. Consistent with other reports,11,14 we found it more
challenging to identify pelvic and lower abdominal struc-
tures than upper abdominal organs. The appendix was
most challenging to visualize. One of the dogs sustained a
bladder injury because visualization in the lower abdomen
was less than optimal, and the distended bladder was mis-
taken for the abscess. Catheterizing the bladder for such
future experiments may be useful. The transcolonic ap -
proach to peritonoscopy has been used by only a few inves-
tigators. Pai and colleagues10 used the transcolonic ap -
proach to perform a cholecystectomy in a survival porcine
model owing to easier visualization of the upper quadrants
and conduction of the procedure. This was later followed
by a report from Fong and colleagues,11 who studied trans-
colonic peritonoscopy more specifically and described it as
a novel approach to explore the abdominal cavity. They
found that, in contrast to the transgastric method, the
transcolonic approach provides more consistent identifica-
tion of structures in the upper abdomen and provides bet-
ter orientation and scope stability; their visualization of
lower abdominal areas was, however, more limited, as we
experienced. In contrast to these findings, Sporn and col-
leagues1 were able to adequately visualize all 4 quadrants of
the abdomen while exploring it transcolonically. They
explained that maintaining the pneumoperitoneum with a
laparoscopic port and using pronounced Trendelenberg
positions may have contributed to the completeness of
their transcolonic peritonoscopy. Kim and colleagues27 and
Voermans and colleagues14 designed experiments where
transcolonic and transgastric peritonoscopy were com-
pared directly in the same study. They both agreed on the
superiority of the transcolonic method in allowing for a
more complete diagnostic peritonoscopy and overcoming

the limitations of the transgastric method when it comes to
visualizing upper abdominal structures. Identification of
the abscess in our study was relatively easy, and the diag-
nostic yield of the transcolonic NOTES peritonoscopy was
not influenced by whether the abscess was in the upper or
lower parts of the canine abdomen.

Abdominal abscesses result from many common clinical
conditions, such as diverticulitis, appendicitis, pelvic in -
flammatory disease and anastomotic leaks after gastro -
intestinal surgery. The mainstay of therapy is abscess drain -
age with adjunctive antibiotics.28 In most cases involving an
abscess of moderate size, drainage is achieved percuta-
neously under radiographic guidance.29–31 However, a safe
window for percutaneous drainage is not always present,
and patients often undergo open or laparoscopic surgical
drainage of the intra-abdominal collection. Natural orifice
transluminal endoscopic surgery is currently an experi-
mental alternative to such approaches, which would avoid
abdominal incisions and potentially reduce pain and post-
operative stay in hospital. To our knowledge, our study is
the first animal NOTES experiment assessing abdominal
abscess drainage. After diagnosis, abscesses were easily
drained by either needle puncture or by unroofing the
inflammatory wall over the implanted latex balloon with
monopolar current applied to a hot biopsy forceps. We
were able to drain the abscesses completely. This may have
been possible because the balloons were filled with saline,
which drained easily; it could have been more difficult had
pus and debris collected in the centre of the inflammatory
mass induced by the implanted nonsterile balloon. Also, we
were often able to remove only part of the balloon, as it
was well incorporated into the wall of inflammation in
some instances. It remains uncertain how successful drain -
age and treatment of an abscess in our model would have
been had it been multiloculated or filled with thick debris
and exudate. After draining the abscess cavity with endo-
scopic instruments, we proceed to place a percutaneous
Jackson–Pratt drain in the centre of the abscess cavity
under endosopic vision. Of note is that in many instances,
the dogs would not keep the drains in place for very long
postoperatively.

Limitations

Transcolonic peritonoscopy and abscess drainage was suc-
cessfully undertaken with good healing of the colotomies
with the T-tag closure methods used in our study. Limita-
tions of the model include the development of a reactive
inflammatory mass to the contaminated balloon implant,
which was not representative of a true abscess process, and
the small sample. Inoculating the nonsterile balloons with
enteric flora and prolonging phase 1 of the study may have
led to a better abscess model, but this may also have put
the animals at risk for sepsis. The endoscopist was not
blinded to the location of the abscess, which may have



                                                                                                                                                              Can J Surg, Vol. 56, No. 3, June 2013        165

RESEARCH

biased the ease of the peritonoscopy, although this effect is
limited to identification of the abscess. A requirement of
the diagnostic study was that a number of predetermined
areas be visually examined during the exploration in all
animals. We also experienced technical limitations im -
posed by the basic endoscopic instruments used. A double-
channel endoscope, more advanced flexible instruments
and better-designed closure technology could enhance the
diagnostic and therapeutic capabilities of transcolonic
NOTES peritonoscopy and abscess drainage. There are
clear advantages to the transcolonic approach pertaining
to ease of access and improved visualization of the upper
abdomen.

CONCLUSION

Natural orifice transluminal endoscopic surgery is a mod-
ern surgical breakthrough promising no visible scars, and
it is moving slowly from the experimental to the clinical
arena. This slow progression is both deliberate and useful
to ensure its safety and therapeutic efficacy before its
widespread dissemination. At present, attitudes regarding
NOTES remain discordant between patients and sur-
geons. Patients seem to be early adopters of the technol-
ogy, perhaps owing to a perception that surgical risk is
related to incision size, whereas surgeons prefer to wait for
more safety and efficacy outcome data.32 Years after
NOSCAR published the white paper on NOTES in 2005,
and although various NOTES procedures have now been
tested in humans,25,26,33–36 investigators continue to rely on
animal models to better understand and overcome several
of the barriers precluding NOTES from wide clinical
adoption. In brief, we have shown the feasibility of trans-
colonic NOTES peritonoscopy and abscess drainage in a
canine survival study. Colotomy closure has been reliable,
but the risk of complications from T-tag insertion re -
mains. Therapeutic interventions in the upper abdomen,
including organ resection, may be more achievable using
transcolonic methods; however, further studies are needed
to resolve issues of surgical site infection and safe colonic
closure. Industry interest and support continues to be vital
to progress in this field, and it remains a promising time
for doctors, engineers and businesses to collaborate and
deliver innovative minimal access solutions to common
surgical problems.
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The Canadian Surgery FORUM canadien de chirurgie will hold its annual meeting Sept. 19–22, 2013, in 
Calgary, Alberta. This interdisciplinary meeting provides an opportunity for surgeons across Canada with
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