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Abstract
Clinical implementation and widespread application of 
natural orifice translumenal surgery (NOTES) has been  
limited by the lack of specialized endoscopic equipment, 
which has prevented the ability to perform complex 
procedures including colorectal resections. Relative to 
other types of translumenal access, transanal NOTES 
using transanal endoscopic microsurgery (TEM) provides 
a stable platform for endolumenal and direct translu
menal access to the peritoneal cavity, and specifically 
to the colon and rectum. Completely NOTES transanal 
rectosigmoid resection using TEM, with or without 
transgastric endoscopic assistance, was demonstrated 
to be feasible and safe in a swine survival model. The 
same technique was successfully replicated in human 
cadavers using commercially available TEM, with end
oscopic and laparoscopic instrumentation. This approach 
also permitted complete rectal mobilization with total 
mesorectal excision to be performed completely tra
nsanally. As in the swine model, transgastric and/or 
transanal endoscopic assistance extended the length 
of proximal colon mobilized and overcame some of the 
difficulties with TEM dissection including limited end
oscopic visualization and maladapted instrumentation. 
This extensive laboratory experience with NOTES tra
nsanal rectosigmoid resection served as the basis for the 
first human NOTES transanal rectal cancer excision using 

TEM and laparoscopic assistance. Based on this early 
clinical experience, NOTES transanal approach using TEM 
holds significant promise as a safe and substantially less 
morbid alternative to conventional colorectal resection 
in the management of benign and malignant colorectal 
diseases. Careful patient selection and substantial impr
ovement in NOTES instrumentation are critical to optimize 
this approach prior to widespread clinical application, 
and may ultimately permit completely NOTES transanal 
colorectal resection.
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INTRODUCTION
Since the report of  the first human transgastric endoscopic 
appendectomy in India in 2004, natural orifice translumenal 
surgery (NOTES) has represented the next step in the 
evolution of  minimally invasive surgery since laparoscopy. 
Given the right translumenal route, endoscopic platform 
and instrumentation, surgical procedures ranging in com
plexity from cholecystectomy to colorectal resections could 
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theoretically be performed entirely endoscopically without 
the need for abdominal incisions[1,2]. The advantages of  
such an approach include reduced incisional pain, decreased 
wound complications including infection and hernias, 
improved cosmetic results, and faster recovery and return 
to work. Until recently, endoscopic access to the abdominal 
cavity using transoral/transgastric route was the most inte
nsely investigated type of  translumenal access. However, 
this type of  access has been hampered by difficulties in 
achieving easily reproducible and secure gastrotomy closure. 
Over the last few years, significant effort has been spent 
exploring alternate access routes such as transesophageal, 
transvaginal, transvesical and transcolonic/transanal access. 
Of  all these approaches, transvaginal access has become 
the preferred type of  access for NOTES procedures and  
has rapidly evolved from the experimental setting to 
human application with the first human cases describ
ed in 2007[3,4]. The international experience now counts 
several hundred cases of  successfully performed hybrid 
transvaginal NOTES procedures including cholecyst
ectomy, nephrectomy, and sleeve gastrectomy[59]. Access 
through and closure of  the vagina is routinely performed 
by gynecologists, and when performed to access the 
peritoneal cavity for NOTES procedures, it is relatively 
safe. Downsides of  this approach include the fact that it 
is restricted to female patients. The longterm effects of  
vaginal access have not yet been investigated.

ADVANTAGES OF TRANSCOLONIC/
TRANSANAL NOTES ACCESS
Relative to other types of  translumenal access, transcolonic/
transanal NOTES has been described in few reports, 
mainly due to concerns related to fecal contamination 
of  the abdominal cavity and the potential for infectious 
complications. The first reports described transcolonic 
peritoneoscopy[10,11] (n = 6) and cholecystectomy[12] (n = 5) 
in swine survival models with septic complications occu
rring in 1 animal (9%) following incomplete closure of  the 
anterior colotomy[12]. Subsequent reports have described 
transcolonic surgical procedures of  increasing complexity 
such as ventral hernia repair[13] and distal pancreatectomy[14] 
in survival swine models with good results. The cited adv
antages of  the transrectal approach include the relative ease 
of  colotomy creation and closure, and the ability to visualize 
abdominal organs in line with the endoscope without the 
need for retroflexion[13,14]. All authors agree that the viability 
of  this approach relies on the adequacy of  the colotomy 
closure, with the incidence of  septic complications directly 
correlating with the integrity of  the closure.

Another advantage of  NOTES transcolonic/transanal 
access to the peritoneal cavity is the current availability of  a 
specialized platform to perform endorectal and transrectal 
procedures. As described by Wilhelm et al[10], transcolonic 
peritoneoscopy is facilitated by the use of  the transanal 
endoscopic microsurgery (TEM) platform through which 
specialized instruments can be introduced. TEM was first 
introduced in 1983 as a technique to excise mid to high 

rectal adenomas not amenable to colonoscopic or transanal 
resection due to location, size, or risk of  incomplete res
ection or colonic perforation. The platform consists of  a 
4cm wide rigid beveled proctoscope sealed with a face plate 
with several airtight ports through which an angled scope 
and adapted dissecting instruments can be inserted and 
CO2 insufflated to distend the rectum and create a working 
space. TEM permits precise endoscopic mucosal or full
thickness excision of  mid and high rectal lesions following 
which the rectal defect can be closed with a suturing device. 
It represents an attractive minimally invasive alternative to 
more radical resection of  solitary rectal ulcers, adenomas 
and carcinoid tumors as well as early rectal cancers[15].

Based on series published over the past two decades, 
conversion rates to open surgery during TEM procedures 
have remained below 1% with a less than 5% incidence of  
major complications[16]. The latter include inadvertent entry 
into the peritoneal cavity during fullthickness excision of  
high rectal lesions located above the peritoneal reflection[17]. 
While this occurrence was originally considered a major 
complication of  TEM and was managed by conversion 
to laparotomy in an effort to prevent intraabdominal 
infection[18], a study comparing the morbidity associated 
with fullthickness excision with and without peritoneal 
entry in 34 TEM fullthickness excisions demonstrated 
that in all 11 cases where the peritoneal cavity was inad
vertently entered and subsequently closed, no infectious 
complications were noted[19]. In addition, no significant 
differences in the complication rates were noted between 
the groups with or without peritoneal entry[19]. These 
results strongly support the concept that purposeful entry 
into the peritoneal cavity during transcolonic/transanal 
NOTES procedures is safe, granted adequate closure of  
the enterotomy can be achieved.

Despite these findings, most surgeons remain signi
ficantly more reluctant to puncture the colon or rectum 
than the vagina to perform intraabdominal NOTES pro
cedures. With regards to the applicability of  NOTES in  
the field of  colorectal surgery however, transcolonic/
transanal access is intuitively better suited than other access 
routes. First, rather than creating an opening through 
an otherwise healthy organ to perform transgastric and 
transvaginal cholecystectomy, the enterotomy is created 
through the diseased organ itself. Second, the enterotomy 
created is ultimately closed by incorporating it into a sta
ndard colorectal anastomosis, which would be required 
regardless of  whether the procedure was achieved via 
NOTES or standard surgery. Finally, a NOTES approach 
can be anticipated to have substantial benefits over a 
standard transabdominal approach. Despite significantly 
reducing incisional pain and recovery time relative to open 
surgery, standard and single port laparoscopic colorectal 
resections still require one or more sizeable abdominal 
incisions to exteriorize specimens, with various degrees 
of  incisional pain and substantial incidence of  short and 
longterm wound complications. Based on the published 
colorectal literature comparing outcomes following perineal 
proctosigmoidectomy vs abdominal approaches in the 
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management of  fullthickness rectal prolapse, perineal 
repair is associated with a higher incidence of  recurrence 
but significantly less pain and peri and postoperative 
morbidity[20]. Hence, the potential benefits of  a transanal 
NOTES approach over standard colorectal resections can 
be extrapolated from this experience, particularly if  a pure 
transanal endoscopic approach can be used. 

TRANSCOLONIC/TRANSANAL 
NOTES COLORECTAL RESECTION: 
EXPERIMENTAL EVIDENCE
Radical sigmoidectomy using a pure NOTES transanal 
approach was first described in 3 human cadavers in 2007 
by Whiteford et al[21] who used TEM as an endoscopic 
platform without the need for any abdominal incisions. 
Although adequate colon and mesenteric dissection could 
be achieved transanally, the authors were limited in the 
length of  sigmoid colon that could be mobilized due to 
difficulties in overcoming the acute angle at the sacral 
promontory with TEM instrumentation. Based on this 
preliminary experience, a pure transanal NOTES approach 
to colorectal resection was further investigated in an exp
erimental model using swine. In a pilot study using swine 
cadavers and nonsurvival animals, transanal endoscopic 
rectosigmoid resection using TEM could be replicated in 
that model[22]. Purse String closure of  the distal rectum at 
the start of  the procedures was effective at preventing fecal 
outflow and contamination during the procedure. Following 
fullthickness incision of  the rectal wall, the presacral space 
could be entered and circumferential enbloc resection of  the 
rectosigmoid colon and its mesentery could be performed 
endoscopically. The peritoneal reflection was reached and 
the peritoneal cavity entered, and dissection of  the sigmoid 
was continued proximally until further advancement of  
the proctoscope into the pelvis was limited by the narrow 
size of  the swine pelvis. The colon was subsequently pulled 
out through the anus, transected, and stapled colorectal  
anastomosis was performed. In an attempt to overcome 

difficulties negotiating the sharp angle of  the sacral pro
montory and narrow swine pelvis, dual transanal and trans
gastric endoscopic access was used to improve visualization, 
retraction, and mobilization of  the proximal colon. Relative 
to a transanal approach alone, combined transgastric and 
transanal endoscopic dissection prolonged operative time 
but permitted additional length of  sigmoid colon to be 
mobilized and resected transanally[22]. 

The safety of  this NOTES approach was recently de
monstrated in a 2wk survival study using 20 swine that  
evaluated and compared outcomes of  pure transanal endo
scopic rectosigmoid resection versus combined transanal 
and transgastric rectosigmoid resection[23]. All procedures 
were completed successfully without transabdominal ass
istance and pneumoperitoneum was closely monitored 
and titrated intraoperatively using the CO2 insufflator 
connected to the TEM platform. There were no mortalities 
in either group and two major complications were noted 
at necropsy in the combined transanal/transgastric group 
which included an abdominal abscess and abdominal wall 
hematoma resulting from a Ttag misfire during gastrotomy 
closure. Again, combined transgastric and transanal end
oscopic rectosigmoid mobilization was demonstrated to 
significantly prolong the operative time but extend the 
length of  rectosigmoid mobilized transanally (Figure 1), 
where transgastric endoscopic assistance extended the 
average length of  specimen mobilized by 54% and resected 
by 45% relative to a pure transanal NOTES approach[23]. All 
specimens resected were grossly intact with respect to the 
integrity of  the colonic wall, attached mesentery and lymph 
nodes (Figure 1), which suggests that this approach could 
be a viable alternative to open or laparoscopic rectosigmoid 
resection in the clinical setting. 

An alternative NOTES approach to sigmoid resection 
that also combines transgastric and transcolonic access 
was described by Leroy et al[24] and shown to be both 
feasible and safe in a 2wk survival study using 5 swine. 
Endolumenal access was used to retract the colon during 
transgastric endoscopic sigmoid dissection, and introduce 
the anvil of  the circular stapler into the proximal colon. 
Transcolonic access was subsequently obtained to intr
oduce an endoscopic linear stapler into the peritoneal 
cavity and divide the colon. Of  note, a transabdominal 
Berci needle (2.7 mm) was still required to establish and 
monitor pneumoperitoneum and to assist with anvil posi
tioning during completion of  the intracorporeal stapled 
anastomosis[24].

TRANSCOLONIC/TRANSANAL 
NOTES COLORECTAL RESECTION: 
TRANSITIONING TO CLINICAL PRACTICE
In preparation for transitioning to human application, the 
same completely NOTES approach described in swine  
was successfully replicated in human cadavers using com
mercially available TEM, laparoscopic and NOTES instr
umentation. In a series of  7 male and female cadavers, 
our group demonstrated that transanal NOTES rectosig
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Figure 1  Transanal exteriorization of the rectosigmoid colon mobilized using 
transanal endoscopic microsurgery (TEM) only (A), and TEM with transgastric 
endoscopic assistance (B) in a swine survival model. Transgastric endoscopic 
assistance significantly increased the length of specimen that could be mobilized 
transanally.
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moid resection could be achieved using the same steps 
as described in swine, with the added benefit of  being 
able to complete a totally endoscopic mesorectal excision 
transanally with TEM[25]. Circumferential dissection of  
the rectum was initiated at the level of  the anorectal ring, 
above the anal sphincter complex, and posterior entry into 
the presacral space with mesorectal dissection was greatly 
facilitated by CO2 insufflation and the use of  flexible 
instruments (Figure 2A). Following posterior and lateral 
dissection of  the rectum and mesorectum, the peritoneal 
reflection was divided after carefully mobilizing the 
posterior vagina or prostate from the anterior rectal wall 
(Figure 2B). Once the peritoneal cavity was entered, more 
cephalad colon mobilization required longer and more 
flexible optics and instruments to improve visualization 
of  pelvic and abdominal structures and provide effective 
bowel retraction, tissue manipulation, vascular division and 
hemostasis respectively. 

Commercially available TEM, laparoscopic, singleport 
and endoscopic instrumentation is currently maladapted 
for this type of  NOTES approach and is the major limiting 
factor for achieving more proximal colon mobilization 
and splenic flexure takedown transanally. Combining trans
gastric and/or transanal endoscopic assistance by inserting 
flexible endoscopes through a gastrotomy and/or the 
TEM faceplate, was found to overcome some of  those 
technical limitations by improving endoscopic visualiza

tion and assisting with endoscopic dissection (Figure 3). 
Overall, the average length of  rectosigmoid colon mobi
lized transanally in this series of  7 human cadavers was 
38.7 cm (range, 1575 cm, Figure 4)[25]. Other important 
technical limitations encountered with this approach in this 
model include morbid obesity and adhesions from prior 
abdominal or pelvic surgery. Both factors were found to 
markedly increase the difficulty of  the dissection, risk of  
bowel perforation, and limit the proximal extent of  colon 
mobilized[25].

Although the experimental experience described has 
demonstrated that transgastric access and gastrotomy clo
sure using Ttags is feasible and safe in a survival study in 
swine, the consensus remains that until significant tech
nological improvements are made to standardize techniques 
for and ensure safety of  gastrotomy closure, early clinical 
application of  NOTES rectosigmoid resection should 
employ either pure transanal endoscopic access or a hybrid 
approach with laparoscopic assistance. This will ensure that 
the procedures are performed safely, are technically easier to 
perform during the steep portion of  the learning curve, and 
simpler to standardize for potential widespread application. 
In addition, all NOTES colorectal procedures should be 
performed under IRB protocol at centers with experience 
with NOTES and TEM.
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Figure 3  Transanal endoscopic mobilization of the rectosigmoid colon using 
TEM with combined transgastric endoscopic assistance in a human cadaver. 
A double channel colonoscope was inserted transgastrically and used to help 
dissect the peritoneal attachments of the sigmoid colon.

Figure 4  Specimen exteriorization following transanal endoscopic mobil
ization of the rectosigmoid colon using TEM in a male human cadaver. Total 
mesorectal excision and sigmoid mesenteric dissection could be achieved.

Figure 2  Transanal endoscopic rectal dissection using TEM in a male human 
cadaver. A: Following full-thickness transection of the rectal wall, the presacral plane 
was entered posteriorly and total mesorectal excision was completed; B: Following 
mobilization of the anterior rectal wall from the posterior aspect of the prostate, the 
peritoneal cavity was entered.

A
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alternative for the management of  benign and premal
ignant lesions of  the rectum and sigmoid colon such as 
large unresectable polyps, dysplastic lesions, and resectable 
cancers of  the rectum. Complete or partial mesorectal 
excision with lymph node sampling can be achieved, which 
is a significant advantage relative to transanal local excisions 
and TEM. Because this approach involves initial full
thickness circumferential rectal and mesorectal dissection 
starting 45 cm from the anal verge, patients selected 
for this approach should have clear indications for low 
anterior resection with a low colorectal anastomosis, which 
is associated with a worse functional outcome than if  the 
rectum was preserved. This is particularly important when 
evaluating patients with benign pathology. The potential 
deleterious effect of  prolonged placement of  the 4cm 
wide TEM platform on anal sphincter function and fecal 
continence will also need to be investigated. With respect 
to potential oncologic applications of  this approach in 
rectal cancer, although our experience with human cadavers 
and this first clinical case demonstrate that an adequate 
oncologic rectal resection can be achieved, the longterm 
oncologic outcomes of  this approach, in terms of  local 
recurrence and survival, need to be formally evaluated. Until 
such results are available, this approach for rectal cancer 
should be considered investigational and be performed 
under IRB protocol by colorectal surgeons with extensive 
NOTES and TEM experience. 

CONCLUSION
Review of  the experimental evidence to date suggests that 
completely NOTES rectosigmoid resection using transanal 
access with TEM with or without transgastric endoscopic 
assistance, is feasible and safe. The importance of  dev
eloping better adapted tools such as a modified flexible 
transanal endoscopic platform, longer and more flexible 
dissecting instruments, and staplers and hemostatic devices 
to permit safe completion of  these procedures without 
the need for transabdominal assistance is critical. As dem
onstrated with the clinical case of  NOTES transanal rect
al cancer resection using TEM, laparoscopic assistance 
is currently needed to compensate for the limitations in 
NOTES instrumentations and to ensure safety. Based on 
this preliminary clinical experience, NOTES transanal app
roach with TEM has significant potential applications in the 
treatment of  both benign and malignant colorectal diseases, 
as well as potential advantages over conventional colorectal 
resection. With respect to oncologic applications, careful 
patient selection is critical and oncologic outcomes will 
need to be followed closely.
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