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ABSTRACT

Transrectal access still has some unsolved issues such as spatial orientation, infection, access and site
closure. This study presents a simple technique to perform transcolonic access with survival in a swine
model series. Anew technique for NOTES perirectal access to perform retroperitoneoscopy, peritoneoscopy,
liver and lymphnode biopsies was performed in 6 pigs, using Totally NOTES technique. The specimens
were extracted transanally. The flexible endoscope was inserted through a posterior transmural incision
and the retrorectal space. Cultures of bacteria were documented for the retroperitoneal space and intra
abdominal cavity after 14 days. Rectal site was closed using non-absorbable sutures. There was no bowel
cleansing, nor preoperative fasting. The procedures were performed in 6 pigs through transcolonic natural
orifice access using available endoscopic flexible instruments. All animals survived 14 days without
complications, and cultures were negative. Histopathologic examination of the rectal closure site showed
adequate healing of suture line and no micro abscesses. The results of feasibility and safety of experimental
Transcolonic NOTES potentially brings new frontiers and future wider applications for minimally invasive
surgery. The treatment of colorectal, abdominal and retroperitoneal diseases through a flexible Perirectal
NOTES Access (PNA) is a promising new approach.
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invasive surgery.
INTRODUCTION

Recently natural orifice surgery has gain supporters
as a promising new alternative to incisional and
laparoscopic surgery for abdominal procedures.
Potential benefits such as avoid surgical incision
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complications led to the first successful series
of clinical applications, reported in literature,
for transvaginal and transgastric natural orifice
transluminal endoscopic surgery (NOTES)
(Pasricha and Krummel 2009, Sodergreen et al.
2009, Voermans et al. 2010, Zorron et al. 2010a,
Fuchs et al. 2013, Katagiri et al. in press., Meillat
et al. 2016).

In few recent trials, transcolonic NOTES
surgery was performed and the authors suggested
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that the access could be an attractive option for
treating colonic and abdominal diseases (Pai et
al. 2006, Wilhelm et al. 2007, Ryou et al. 2008,
Ryou and Thompson 2008, Bachman et al. 2009,
Zorron et al. 2010a, Autorino et al. 2013, Zorron
et al. 2014, Katagiri et al. in press). However,
there are some technical obstacles to solve before
standardization of trancolonic approach, such as
the risk of infection, safe entrance in the abdominal
cavity and closure of reliable colonic. Based
on those issues, our research group developed a
new flexible technique to perform a transcolonic
procedure in animals. Besides, we also developed
a trasncolonic perirectal acces to allow therapy
inside abdominal cavity and retroperitoneal space.
Total mesorectal excision (TME) with high
lymphadenectomy is the standardized procedure
for curative resection of rectal cancer (Heald et
al. 1982, Heald and Ryall 1986, Fong et al. 2007,
Zorron 2010, Zorron etal. 2012). Besides minimally
invasive surgery is been considered as effective as
open surgeries to threat a disease (Lujan et al. 2009,
Fuchs et al. 2013). A technique developed at our
institution and tested in animal model, Perirectal
NOTES Access (PNA), was employed to start
clinical applications. This study describes the
first transcolonic NOTES procedure in an animal
model, using flexible endoscopic instruments.

MATERIALS AND METHODS

The institutional review board for NOTES clinical
trials approved this study and all methods were
in accordance with the Helsinqui Declaration,
revised 1989. Our research team consisted of a
multidisciplinary group, counted with a veterinary
hospital facility to perform this study. Before the
beginning of the trial there were some training,
during 10 months, in order to get the group well
trained, mostly in spatial orientation, insufflation
and instrumental management.
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For the trial six pigs weighing from 25 to 40kg
were submitted to transcolonic flexible endoscopic
NOTES retroperitoneoscopy, lymph node biopsies,
liver biopsies and abdominal inventory using
a flexible 2-channel gastroscope (KarlStorz,
Tuttlingen Germany) (Fig. 1). Those animals were
observed for a period of 14 days, and intra- and
postoperative parameters were documented. The
interventional team was composed of a general
surgeon, a gastroenterologist and endoscopist, and
two veterinarians surgeons.

SURGICAL TECHNIQUE

The animals were installed in the Lloyd-Davies
position under general anesthesia. Antibiotic
prophilaxy was performed at induction using 400mg
ciprofloxacin associated with 500mg metronidazol
and continued for three days after procedure.
The equipment used was a flexible 2-channel
gastroscopy (KarlStorz, Tuttlingen Germany).
Before rectal NOTES access, an anuscope was
inserted transanally, and the rectum was closed by
a circumferencial purse-string suture made with
Vicryl 2.0 under direct vision to avoid insufflation
of the bowel and to avoid contamination from the
proximal colon. The incision on rectal stump was
made 2cm from the anal verge and to secure these
the suture was placed about 4cm from the anal
verge. After closing the limit of anal resection we
proceed with disinfection of the distal rectum using
disinfected topic Betadine irrigation.

The anal verge was identified, and a 2.5cm
posterior incision was performed, using monopolar
cautery under direct vision (Fig. 2a). The access
orifice was tested by digital exploration, and the
colonoscope was inserted directly in the perirectal
retroperitoneal space (Fig. 2b).

The Perirectal NOTES Access (PNA) needs
an initial low posterior perforation to the anatomic
plane between the presacral fascia and the fascia
propria, evolving the dissection proximally
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Figure 1 - Transcolonic images of swine models, obtained with a flexible endoscopic. a. NOTES retroperitoneoscopy visualization
in swine models. b. Visualization of liver biopsies during transcolonic NOTES in swine models.

Figure 2 - a. Identification of the anal verge and incision in swine models. b. Insertion of the colonoscope directly into the

retroperitoneal space in swine models.

and circumferencially. Afterwards directing the
endoscope and insufflating it a blunt dissection
was made a blunt preserving fascia as orientation.
To complete mesorectal resection an endoscopic
monopolar scissors (Apollo Endosurgery, Austin,
USA) was progressively used throught the ideal
oncologic plane of dissection.

Progression of TME dissection to lateral
and anterior aspects was performed using
monopolar scissors and blunt dissection, and the
abdominal cavity was reached at the left lateral
aspect of the dissection. At this point, loss of

retropneumoperitonium occurred because there
was a leaking to abdominal cavity. Laparoscopic
instruments were then used to dissect and liberate
the left colon and partially the splenic flexure, and
to complete the sigmoid dissection and liberation of
the upper aspect of the rectum and sigmoid colon.
Intrarectal Duval graspers grasped the
specimen, and the specimen was fully transanally
extracted. The resection of the exposed colon
was performed using monopolar cutting, and the
proximal colon limit was prepared inserting the
distal anvil of the circular stapler. The proximal
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colon and the anvil were again reinserted
transanally into the cavity. The rectal stump was
sectioned transanally in its whole circumference,
and a circular closure of the rectal stump was
performed using a running suture of 2.0 Prolene to
allow transanal introduction of the circular stapler.
Transanal stapled anastomosis was performed.
Proximal colostomy in the right transverse colon
was performed to protect the low anastomosis.
Closed drainage of the pelvic dissection and of
anastomotic site was installed using a tubular
drain. The resected specimen showed adequate
mesorectal resection with the preservation of the
mesorectal envelope, and a distal margin of 4cm
from the tumor limits.

RESULTS

Operative time was 44 min. Compared to
preoperative findings, hemoglobin levels and
hematocrit (11.9mg/dl and 35.3%) had few changes
after the procedure on the first postoperative day
(11.1mg/dl and 32.3% respectively). Despite the
long operative time, intraoperative blood loss was
low (120ml).

The patient recovered uneventfully, and
initiated bowel movements and oral liquid
diet on the third postoperative day. Antibiotic
therapy was continued during hospital stay due
to lack of adequate bowel preparation and local
contamination of the rectal stump. The patient
claimed of transitory paresthesia of both feet due to
intraoperative positioning that disappeared after 10
days. Visual analogue pain score showed a level 0
of pain two hours after the procedure, level 0 score
on the first postoperative morning, and level 3 on
the 7" postoperative day. External aspect of the
abdomen showed good result with the avoidance of
extraction site. The patient was discharged on the 6"
postoperative day, and no infectious complications
were recorded until the 15" postoperative day.
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DISCUSSION

In the last few years, surgical community has
increased interest in even lesser invasive procedures
to diagnose and treat abdominal diseases, after the
evolution of laparoscopy (Kalloo et al. 2004, Lima
et al. 2010, Fyock et al. 2011, Zheng et al. 2011,
Fuchs et al. 2013, Ge et al. 2014, Zorron et al.
2014, Katagiri et al. in press, Meillat et al. 2016).
Natural orifice surgery, besides enthusiasm and the
promissing potential advantages, didn’t signalized
superiority in any medical indication over standard
surgical therapy yet (Pasricha and Krummel 2009,
Sodergreen et al. 2009, Mathews et al. 2010, Zorron
et al. 2010b, Kono et al. 2012, Fuchs et al. 2013).
Experimental and clinical studies still demonstrate
that evolution of technollogy is needed to expand
the possibilities of the new field, allowing safety
and efficiency of NOTES techniques.

Papers and trials presented on scientific
meetings since 2007 described also first clinical
human applications of the new method, after IRB
approval for human trials on NOTES in different
countries. There were 195 human cases worldwide
independently reported to date, and other 362
cases enrolled in IMTN NOTES Multicenter Study
(Zorron 2009), mostly describing low complication
rates. Since Zorroén et al. (2007), Marescaux et al.
(2007), Zornig et al. (2007) and Branco Filho et al.
(2007) described successful NOTES transvaginal
cholecystectomy in early 2007, other groups
follow and published their initial clinical results
of the techniques, mostly assisted by laparoscopy
for retraction or for camera purposes (Forgione et
al. 2008, Ramos et al. 2008b, Zorron et al. 2008b,
Davila et al. 2009, De Sousa et al. 2009, Decarli
et al. 2009, Fischer et al. 2009, Gumbs et al. 2009,
Horgan et al. 2009, Noguera et al. 2009, Palanivelu
et al. 2009). Transgastric appendectomy was also
clinically presented in meetings by Rao and Reddy
using available endoscopic instruments since
2005 (Rao et al. 2008), and successful transgastric



TRANSCOLONIC PERIRECTAL NOTES acces- NEW TECHNIQUE 689

PEG rescue was described by Marks et al. (2007).
Transvaginal NOTES appendectomy was first
described by Palanivelu et al. (2008) and Ramos et
al. (2008a) presented a first series of transvaginal
NOTES sleeve gastrectomy. Frequently,
procedures as transgastric pancreatic debridement
by Seifert et al. (2000), and Transanally Endoscopic
Microsurgery (TEM) performed by Buef et al.
(1988) were correctly referred as pioneering
NOTES techniques.

Previous clinical work regarding use of natural
orifice surgery for cancer surgery was described
by Seifert et al. (2000) using a transgastric access
to evaluate pancreatic cancer, and Zorron et al.
(2008a) by transvaginal approach to perform liver,
peritoneal, great omentum and ovarian biopsies to
evaluate carcinomatosis. In the former, a transgastric
NOTES evaluation showed precision on prevent
respectability in 9 of 10 patients. Determination
of resectability was decided based on laparoscopic
and transgastric NOTES by examiners independent
of each other’s findings, and demonstrated the
feasibility of transgastric endoscopic cavity
exploration. In the small series on NOTES surgery
for cancer, natural orifice tumor implantation were
not yet described, but are a matter of concern in
performing oncologic resections.

Whereas most investigators have chosen
to gain peritoneal access via a vaginal or an oral
transgastric route, few have investigated the
transcolonic route (Pai et al. 2006, Wilhelm et
al. 2007, Ryou and Thompson 2008, Sporn et
al. 2008, Bachman et al. 2009, Katagiri et al. in
press). The transcolonic approach has several
theoretic advantages over the transgastric route,
by eliminating the need for scope retroflection
for upper abdominal surgery, allows a more
direct access route and closer than a transgastric
approach, and the anorectum allows passage of
larger-diameter instrumentation and retrieval of
larger specimens’’. Transcolonic and transvaginal
extractions of specimens in laparoscopic surgery

have been more constantly used in recent years to
allow larger organs like spleen, kidney and colon
to be retrieved avoiding an abdominal incision.
These techniques classified as NOSE (natural
orifice specimen extraction) (Palanivelu et al.
2009) showed good results with few complications
reported (Breda et al. 1993, Delvaux et al. 1993,
Zornig et al. 1994, Abrao et al. 2005, Franklin et al.
2008, Akamatsu et al. 2009, Velhote and Velhote
2009). NOTES Transvaginal colectomy assisted
by minilaparoscopy was first described in clinical
setting by Lacy et al, naming the technique as MA-
NOS* in a patient for sigmoid cancer. Burghardt
et al. (2008) reported a case of hybrid transvaginal
right colectomy.

Transcolonic NOTES using rigid transanal
systems was subject of research in recent
experimental and cadaver studies. Whiteford
et al showed the feasibility of rigid NOTES
sigmoid resection in three cadavers, using
transanal endoscopic microsurgery, allowing en-
bloc lymphadenectomy and transanal retrieval
and anastomosis(Whiteford et al. 2007). In their
impression, the main obstacles for the use of rigid
systems in colorectal surgery are the acute angle
created by the sacral promontory and the limited
reach of current instruments Sylla et al successfully
performed a technique using rigid transanal
resection of the colon and sometimes a transgastric
flexible access to allow mobilization of the colon,
in a set of 14 non-survival and cadaver animal
experiment®. Leroy et al described a combined
technique using flexible and rigid transrectal
and flexible transgastric accesses to perform
sigmoidectomy in a pig model (Leroy et al. 2009).
The technique using the concept of Totally NOTES
resulted in survival of all 5 pigs, and no signs of
peritonitis or intraabdominal abscess was found
either in laparoscopy nor by laparotomy on the
14th postoperative day. The authors pointed the
possibility of performing colorectal natural orifice
surgery using available instruments.
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Transanally Endoscopic Microsurgery
(TEM), developed and described by Buess et al
in the early 80’s is currently a minimally invasive
alternative for most benign lesions of the rectum,
and represent pioneer efforts in the field of natural
orifice surgery (BueB et al. 1988, Delvaux et al.
1993, Zornig et al. 1994, Whiteford et al. 2007,
Hazey et al. 2008, Palanivelu et al. 2008, Zorron et
al. 2008a). The concept of installing an intrarectal
platform to perform colorectal surgery, in currently
cases performing truly circumferencial sleeve
resections was initially reserved for resection of
tumors located below the peritoneal reflection in
the extraperitoneal rectum, avoiding perforation
into the peritoneal cavity. Resection of tumors in
the upper rectum with entry into the suture closure
of the peritoneum has recently been described,
without increase in infectious postoperative
complications (Gavagan et al. 2004).

Total mesorectal resection allied to en bloc
lymphadenectomy with high ligation of inferior
mesenteric artery is the standard of care of oncologic
curative resection of rectal adenocarcinoma.
As described by Heald in 1982, a precise plane
of dissection allowed improved oncological
respectability without tumor cell spillage,
improving results and decreasing the indication
for abdomino-perineal resection (Heald et al.
1982, Heald and Ryall 1986, Lujan et al. 2009). As
evidenced by the present study, an adequate TME
with preservation of the mesorectal envelope can
be achieved using flexible transcolonic technique.
Using the NOTES perirectal access described,
radical TME was performed in the opposite
direction (from anal to rectosigmoid junction),
performed along embryologic fusion planes,
beginning the dissection by gaining access to the
presacral plane located between the mesorectum
and the presacral fascia. Entry and subsequent
dissection in this avascular plane using flexible
endocopic equipment was more hazardous than
formal laparoscopy due to limited instrumentation,
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but retropneumoperitoneum improved the exposure
and dissection inside the anatomic plane.

Naturally, transrectal access raises concerns
of infection control and still requires the need
for secure closure of the colorectum (Rattner and
Kaloo 2006, Kantsevoy 2008, Bachman et al.
2009). However, a low entry point as described
in this study and using a retroperitoneal tunnel
instead of puncturing the rectosigmoid junction,
previously closing the proximal rectum, allows
for a relative isolated field that can be adequately
disinfected, avoiding bowel preparation. Despite
the need of a colorectal perforation, choosing the
entry point in the exact planned line of anastomosis
minimizes the fear of unnecessary viscerotomy.
The original transcolonic perirectal NOTES
access allows to a low and safe perforation of the
rectum, with ease and safe of entrance and closure
under direct view. Retroperitoneal insuflation and
retroperitoneoscopy also represents original access
to perform transcolonic retroperitoneal lymphnode
biopsies and even pancreatic, renal or adrenal
surgery. The perirectal NOTES access promotes a
fast and easy access to abdominal cavity, avoiding
the need of expensive technology for the access.
In terms of surgical philosophy, transcolonic
colorectal surgery seems to make sense, rather
than trespassing the colon to reach other organs.
Standard endoscopy and future flexible platforms
are undoubtely a helpful technology to perform
transcolonic NOTES techniques.

The described new NOTES access for rectal
cancer adhere to the principles of oncologic
resection and opens a wide range of possibilities
of future applications of transcolonic NOTES
for colorectal surgery. Despite advantages over
existing laparoscopic and open methods cannot be
distinguished in this early beginning of the concept,
flexible transorificial performance of colorectal

operations seems promising.
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