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Key Points 

• NOTES is a safe and feasible technique in dogs and horses 
• Gastropexy and ovariectomy have been performed with NOTES in dogs 

 
Natural orifice translumenal endoscopic surgery (NOTES) procedures access the abdominal and 
thoracic cavities through the esophagus, stomach, vagina, rectum, or bladder.  In “true” NOTES 
procedure, a two-channel flexible endoscope is all that is used and devices are passed through the 
working channels to perform procedures.  In hybrid NOTES procedures, an additional port is 
placed for laparoscopic visualization and/ or introduction of instruments.    
 
Instrumentation.  The core technology for NOTES is the flexible endoscope; however, currently 
available devices are one of the major limitations to procedure development.  Two-channel 
endoscopes are currently available, along with guide wires, endoscopic snares, needle-knife 
electrodes, sphincterotomes, suture loops, balloon catheters, endoscopic scissors, and endoscopic 
grasping forceps.  When a flexible endoscope is used in tube-like structures, the walls provide 
stability for the endoscope tip; however, when used in the abdominal cavity, the tip remains 
unstable.  The size of the working channel and the force that can be applied to the instrument tip 
further limits utility.  Because instruments are introduced in a coaxial fashion, it is very difficult 
to triangulate on an area of interest.  Finally, insufflation air through the endoscope is not 
pressure-regulated.  Many companies developed very innovative devices for clinical use that 
address the limitations of the flexible endoscope, but most of them have not been pursued to 
commercialization at this time, thus limiting the widespread utility and adoption of especially 
“true” NOTES procedures. 
 
Infection Concerns.  Translumenal access caused great concern for the introduction of 
pathogenic organisms into the body cavity; however, the human data suggests infection rates are 
low.  These concerns have been addressed by sterilization of the instruments used in the 
procedures, administration of systemic antibiotics and instilling agents into the stomach or colon 
for local cleansing.     
 
Access.  The two primary routes of entry to the abdominal cavity are through the stomach using a 
PEG technique for the totally NOTES approach and through the vagina with entry monitored via 
a laparoscope inserted at the umbilicus for the hybrid approach.  The rectum, bladder, and ureter 
have also been used experimentally to access the abdominal cavity. The thoracic approach was 
studied experimentally in swine.   
 
Insufflation. Our initial studies used air insufflation through the endoscope and excessive IAP 
was relieved with a 19 G catheter placed percutaneously.  Subcutaneous emphysema was 
common.  We then began using pressure-regulated CO2 connected to the percutaneous catheter 
and the insufflator alarmed when the IAP exceeded 8-10 mm Hg.   
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Exposure and Navigation.  Disorientation is quite common in NOTES procedures because the 
scope cannot be fixed in place.  Since “total” NOTES procedures requires both working 
channels, the endoscope is placed alongside a guide wire in the abdominal cavity.  To 
reintroduce the endoscope through the gastrotomy requires considerable endoscopic skill.  The 
gastropexy procedures requires only one working channel so the guide wire is left in the second 
working channel and used to direct endoscope to the proposed gastropexy site.  As with 
laparoscopy, a tilting table allows the use of gravity for exposure of internal organs.  
Percutaneous suspension of the ovary assists in exposure. 
 
Closure.  The most challenging aspect of transgastric NOTES procedures is closure, primarily 
because of the lack of commercially available devices.  While many devices have been tried 
experimentally, our studies utilized pairs of T-fasteners for the transgastric closure.  Two pairs 
are used in a crossed fashion and to date, outcomes have been favorable.  The omentum appears 
to play a role in sealing the incisions.  The time required for gastric closure with T-fasteners 
accounts for a major portion of overall operative time. The transvaginal access site is not closed 
in dogs but postoperative bleeding has been noted that responded to sponge tamponade. 
Abdominal Procedures.  Researchers around the world have performed experimental NOTES 
exploration of the abdominal cavity, tubal ligation, cholecystectomy, splenectomy, intestinal 
anastomosis, gastrojejunostomy, nephrectomy, lymphadenectomy, adrenalectomy, and colon 
resection in swine and, recently, hybrid transvaginal ovariohysterectomy, bilateral NOTES 
oophorectomy, nephrectomy, gastropexy and inguinal mesh placement in dogs.  In people, the 
most common NOTES clinical procedures are cholecystectomy, appendectomy, and 
peritoneoscopy.   Most of these are hybrid procedures performed with a transvaginal approach 
since the incision can be closed with traditional instruments. Below, two of the techniques we 
have used successfully in dogs are described in detail, from previous publications. 
 
Technique for NOTES Ovariectomy in Dogs  

A standard percutaneous endoscopic gastrostomy (PEG) technique is used to introduce a 
0.035” guide wire through a 16 gauge catheter from the animals’ left side. A balloon tipped 
through-the-scope catheter is introduced over the guide wire to traverse the stomach wall.  The 
balloon is inflated to 6 atm pressure for approximately 2 minutes to dilate the opening in the 
stomach to 2 cm around the guide wire. The balloon and endoscope are then passed into the 
abdominal cavity.  The balloon is then deflated and withdrawn and the endoscope is removed 
and reinserted beside the guide wire into the abdominal cavity.  To provide an adequate optical 
cavity, air or CO2 is instilled.  For access to the left ovary, the table is tilted to the right.  For a 
“totally NOTES” oophorectomy (meaning that no supplemental laparoscopic ports were used), 
each ovary is elevated with grasping forceps through a monopolar snare.  Energy is applied to 
the snare as it is closed and ultimately transects the tissue.  The ovary is then grasped with both 
the snare and the endoscopic forceps and withdrawn with the endoscope.  After examining the 
ovary to ensure complete removal, the endoscope is reintroduced and the surgical site is 
inspected to ensure hemostasis.   To access the right ovary, the table is tilted left.  The endoscope 
is passed and retroflexed cranially from the right inguinal area to visualize the right ovary. 
Ligation and transection of the right ovary with the monopolar snare is performed and the ovary 
and endoscope are removed.  The guide wire is left in place during the procedure to assist in 
visualizing the gastric incision.     
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The gastrotomy is closed with two sets of T-fasteners positioned at 12 and 6 o’clock and 
3 and 9 o’clock, each held together by a suture clip.  A beveled cap is secured to the outside of 
the gastroscope and the scope is passed into the stomach.  A T-fastener is loaded into a delivery 
device and passed through the working channel of the endoscope so that the tip is visualized 
inside the cap.  The gastrotomy is identified by the guide wire and the cap is positioned on 
gastric mucosa adjacent to the incision.  Vacuum is applied to pull gastric mucosa into the cap.  
The needle is quickly advanced into the gastric submucosa and the T-fastener is deployed.  The 
tissue is inspected as vacuum is released and a slight tug is applied to ensure that the T-fastener 
is correctly located. The scope is then withdrawn and a second T-fastener is applied on the 
opposite side of the incision. The two free ends of suture exit the endoscope working channel.  
Outside the body, the two suture strands are captured in a loop threaded through the suture clip.  
The clip is positioned against the tissue and the inside plug is advanced to trap the sutures and 
appose the gastric incision.  Endoscopic scissors are used to cut the sutures.  The guide wire is 
removed.  After two pairs are placed, the stomach is inflated with air and the abdomen is 
monitored for tympany.  Any residual air in the abdominal cavity is evacuated by a 16 gauge 
catheter. 

Hybrid techniques have been performed by veterinarians in Iran and Brazil.  In these 
studies, a laparoscope placed at the umbilicus and a 5 mm trocar is introduced through the vagina 
under direct vision.  Standard laparoscopic instruments are then introduced through the vaginal 
port for ligation and transection of the ovarian pedicle and the laparoscope provides visualization 
during the procedure.  The ovary and uterine horns are extracted through the vaginal port and the 
uterine body is ligated externally.  No attempt is made to close the colpotomy.   The technique 
for transvaginal ovariectomy in standing mares and a comparison of the technique to open 
surgery in horses has recently been reported, with favorable outcomes.  

 
NOTES Gastropexy Technique  

The therapeutic endoscope is passed into the stomach and the proposed gastrotomy site is 
identified in the antral portion of the stomach midway between the greater and lesser curvature 
on the ventral aspect of the stomach.  A 19G 5-inch stylet-loaded catheter is inserted through the 
right lateral body wall just inferior to the 13th rib and directed into the antral portion of the 
stomach with laparoscopic visualization. The stylet was removed and a 0.035” guidewire was 
inserted and pulled through the scope using a standard 11 mm snare.  A through-the-scope, 
sequential dilating balloon was used to directly dilate the gastrostomy to 20 mm.  Alternatively, a 
Huibregtse® Triple Lumen Needle Knife can be used to create the gastrotomy around the 
guidewire, which can be subsequently dilated if needed.  The guidewire was advanced and 
looped in the peritoneal cavity.  The endoscope was then passed through the gastrotomy into the 
peritoneal cavity.  Insufflation was provided via air insufflation through the endoscope or 
through CO2 connected to the trocar at the umbilicus if laparoscopic monitoring was used.     

The site of guide wire penetration through the abdominal musculature, which marks the 
location of the gastropexy, was identified.  A needle knife electrode or wire loop cautery device 
was then used to create one or several incisions in the abdominal musculature surrounding the 
guide wire.  A generous incision or a series of incisions, approximately 50 mm long, was made. 
Monopolar electrocautery was used to coagulate and cut the peritoneum and abdominal 
musculature.  The site was examined to ensure adequate hemostasis and touched up with cautery 
if needed.   
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Keeping the guide wire in place, the endoscope was removed and reinserted into the 
stomach beside the guide wire.  To obtain adequate insufflation of the stomach to permit dilation 
of the stomach to the body wall, it was necessary to first close the gastric incision around the 
guide wire.  The T-fastener suturing device was used to place one or two sutures through the 
gastric mucosa to close the incision.  The IAP was lowered to 4 to 6 mm Hg to permit the 
stomach to move closer to the abdominal wall.    A series of sutures were placed through the 
gastric mucosa into the abdominal wall to secure the gastropexy for 360 degrees around the 
incision in the abdominal wall.  During placement of each suture, the abdominal wall was 
palpated until the tip of the T-fastener was felt within the subcutaneous tissue before 
deployment.  Digital palpation caused the tip of the fastener to toggle and remain in the 
subcutaneous tissue just beneath the skin.  Approximately 6 sets of sutures were placed and 
joined with surgical clips to secure an intact gastropexy.  The laparoscope was used to monitor 
the needle penetration into the body wall to ensure that no other organs become entrapped in the 
gastropexy site.  Following final examination, excess air was removed from the stomach and the 
endoscope was removed from the stomach.  The abdomen was desufflated and the laparoscope 
and trocar were removed and the site closed with sutures.   

 
Outcomes 

We have performed “totally” NOTES procedures via the transgastric approach in ~ 60 
dogs with acceptable outcomes and no deaths.  In a comparative study, the NOTES procedures 
were less painful. (14) The procedures take longer, and operative failures have included 
incomplete removal of the ovary (9) and inadequate adhesion formation in early feasibility 
studies in ovariectomy and gastropexy, respectively.  Bleeding requiring conversion, and 
conversion due to inability for adequate exposure occurred as the case series expanded.  Notably, 
there has been no leakage or evidence of postoperative infection in any of the animals in our 
studies.  The studies in horses were associated with similar operative times and no significant 
differences in postoperative outcomes.  In human surgery, although extensive comparative 
studies are lacking, hybrid NOTES appears to compare favorably to laparoscopic surgery, with 
acceptable outcomes and similar surgical times.  

In a limited number of clinical studies in dogs and horses, NOTES approaches appear to 
be a safe and feasible alternative to laparoscopy and open surgery.  Widespread use has been 
delayed in both humans and animals because additional instruments need to be developed to 
improve operative efficiency.  The results of NOTES studies so far in veterinary medicine appear 
promising.  Additional work will be required to reduce procedure time and cost before the 
techniques will be clinically applied. 
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