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Overview 

 Introduction to SILS 

 Nomenclature and ideology of SILS 

 SILS experience at Imperial 

 Introduction to NOTES 

 Potential benefit of the technique 

 Current systems/tools/devices and limitations 

 Requirements for future tools and overview of some specialised 

operating platforms including current research at Imperial 

 



Single Access Surgery 

Port Access: 

 

• SPA  / SPLS 

 (Single Port access) 

• TUES  

 (Transumbilical endoscopic surgery ) 

• NOTUS  

 (Natural Orifice Transumbilical Surgery) 

 

Incisional Access: 

 

• SILS  

 (Single incision laparoscopic surgery) 

 

NOTES Access: 

 

• Transvaginal Surgery using rigid instruments 

• Transluminal Surgery using flexible instruments 

 

Laparoscopy NOTES 

Has been described as e-NOTES 
(Embryonic-NOTES) 



• SILS   Single incision laparoscopic surgery 

• LESS   Laparoendoscopic single-site surgery 

• SAS   Single-access site laparoscopic surgery 

• SSA   Single-site access laparoscopic surgery 

• OPUS  One-port umbilical surgery 

• SPA   Single Port Access surgery 

• U-LESS  Transumbilical laparoendoscopic single-site   

 surgery 

• TUES   Transumbilical Endoscopic surgery 

• TULA   Transumbilical laparoscopic assisted surgery 

• NOTUS  Natural orifice transumbilical surgery 

• e-NOTES  Embryonic natural orifice transluminal   

 endoscopic surgery 

• NOTES  Natural Orifice Transluminal Endoscopic surgery 

• FAS  Flexible Access Surgery 

 

Nomenclature 



Single Incision Laparoscopic 
Surgery 



Old Concept - revived ideas! 

• Matsuda T et al. Smaller ports result in shorter convalescence after laparoscopic varicocelectomy. J.Urol  1995; 

152:1175-1177 

 

• Esposito C. One-trocar appendectomy in paediatric surgery.  Surg Endosc 1998; 12:177-178. 

 

• Piskun G. Transumbilical laparoscopic cholecystectomy utilizes no incisions outside the umbilicus. J 

Laparoendosc Adv Surg Tech A 1999; 9:361-364. 

 

• Cheah WK. Randomised trial of endoscopic versus laparoscopic cholecystectomy. Br J Surg 2001; 88:45-47. 

 

• Kagaya T. Laparoscopic cholecystectomy with two ports using the "Twin-Port" system. J Hepatobiliary Pancreat 

Surg 2001; 8:76-80. 

 

• Pappalepore N. Transumbilical laparoscopic-assisted appendectomy (TULAA): a safe and useful alternative for 

uncomplicated appendicitis. Eur J Pediatr Surg 2002; 12:383-386. 

 

• Cuesta MA. The "invisible cholecystectomy": A transumbilical laparoscopic operation without a scar. Surg Endosc 

2007 

 

• Zhu JF. Scarless endoscopic surgery: NOTES or TUES. Surg Endosc 2007; 21:1898-1899. 

 

 



The single-incision approach 



 Omniport TM  (Advanced surgical concepts) 

 



 Triport TM (Advanced surgical concepts (ASC))  

 

 

 

 

 Quadport TM (ASC) 

 



Single access instruments 

Problems with SPA: 

 Clutter of hands externally. 

 Inadequate Triangulation. 

 

 

Overcome through: 

  Using instruments of differing 

  lengths 

  Using Innovative controllably flexible  

  instruments 



Single access Instruments 

• Real Hand TM - High Dexterity Grasper for Single Port Surgery (Novare 

Surgical Systems) 

 

 

 

 

• Autonomy TM Laparo-angle TM  

 (Cambridge Endo (US)) 
– 5mm instruments 
– Distal Tip bends up, down or  
 sideways when manoeuvring  
 the handle appropriately. 
– Axial rotation using wheel. 



Olympus VISERA  
Laparo-Thoracico-Visoscope LTF Type VP 
Camera 

 

 

 

 

 The VISERA laparoscopic video 

camera is 5mm in diameter.  

 The device is capable of angling 100 

degrees in four directions. 



Outcome 



Rationale 

Advantages 

 Limited scaring – claim of no visible scaring 

 Reduced tissue trauma to abdominal wall  reflecting  

recovery times post op 

Limitations 

 Instrument clashes 

 Triangulation 

 Infection  - distortion of the umbilical scar 

 Abdominal Hernia 

 Exposure – (retraction usually addressed  

 by a second port) 
 



Technique used at Imperial - 
Cholecystectomy 

Chow et al. Surg Endosc. 2010 



Technique used at Imperial - 
Cholecystectomy 

Chow et al. Surg Endosc. 2010 



SILS Appendicectomy 

Chow et al. Surg Endosc. 2010 



SILS Appendicectomy at Imperial 

Chow et al. Surg Endosc. 2010 



Natural Orifice Translumenal Endoscopic Surgery 

     “The next greatest surgical 

evolution” - CBS News, 18th September 

2007 

 

 



Natural Orifice Transluminal Endoscopic Surgery. 

1. Passage of flexible endoscope through a natural 
orifice. 

2. Endoscope passed to a point within the lumen 
closest to operating site. 

3. Breach in the lumen. 

4. Endoscope enters the anatomical cavity. 

5. Navigates to operative site. 

6. Dissection undertaken with tools transferred down 
the endoscope. 

7. Once complete endoscope and specimen is 
removed. 

8. Breach in lumen is closed. 

 

Courtesy of IRCAD 







Benefits of NOTES 

 No scars 

 No wound infection 

 Less pain 

 No hernias 

 No internal adhesions 

 Surgery under less than 

general anaesthesia 



Endoluminal/NOTES History 
2006 2007 2005 2004 1998 1957 

Multiple US IRB’s approved for NOTES 

1st NOSCAR Meeting 

Dr. Kalloo publishes 1st X-Gastric 

Peritonoscopy 

Apollo Group Formed Flexible Fiberscope invented 

1970 

Advanced Endoscopic Procedures 

1980 

Contemporary Endoscope 

2000 

Dr Seifert first documents NOTES 

– Pancreatic Necrosectomy 

Drs. Rau and Reddy present on 

first X-Oral Appendectomy 

USGI Press Release on 1st X-

Vaginal Cholycystecomy 

2003 



Evolution of abdominal surgery 

 Open Cholecystectomy: 1867 

 Laparoscopic Cholecystectomy: 1987 

 Transgastric Cholecystectomy: 2007 



Potential applications 

 Bariatric Surgery  

 Sleeve Gastrectomy.  

 

 General Surgery 

 Cholecystectomy. 

 Appendicectomy. 

 Peritoneoscopy and biopsy 
during Whipples. 

 PEG retrieval. 

 Colorectal 

 Colectomy Right and Left 
 Ventral wall mesh hernia 

repair.  (1) 
 

 Urology 

 Nephrectomy via 
retroperitoneal exposure 

 

 Other procedures 

 Diaphragmatic pacing wire 
placement. 

 

1. Fong DG, Ryou M, Pai RD, Tavakkolizadeh A, Rattner DW, Thompson CC. Transcolonic ventral wall hernia mesh fixation in a 

porcine model. Endoscopy. 2007 Oct;39(10):865-9. 



Clinical Applications – July 2008 

 

Sodergren MH, Clark J, Athanasiou T, Teare J, Yang GZ, Darzi A. Natural orifice translumenal endoscopic surgery: critical appraisal of applications in clinical practice 

Surg Endosc. 2009 Apr;23(4):680-7. 

 



2010 – Multiple NOTES registries 



Level I/II evidence 



 Joint committee by the American Society for Gastrointestinal 
Endoscopy (ASGE) and the Society for American Gastrointestinal 
Endoscopic Surgeons (SAGES) was setup to review NOTES. 

Challenges for NOTES as highlighted by NOSCAR group revolved 
around: 

 Safe access and closure to the peritoneal cavity with prevention of 
infection. 

 Development of NOTES specific designed equipment including 
instruments capable of suturing. 

 Developing NOTES to ensure a safe and reliable technique. 
 Highlight untoward physiological events. 
 Determine appropriate training opportunities. 
 

Natural Orifice Surgery Consortium for 

Assessment and Research (NOSCAR) ™ 

www.noscar.org 



Evolutionary NOT Revolutionary 

Professor Hunter – Chairman of Surgery, Oragon  Health and Science 

University in Portland 

 Quote from the Archives of Surgery, 

 

 
"The benefits of NOTES are not earthshaking and the risks are real,” “Marescaux and 

colleagues. You have (again) put man on the moon. Now we need to figure out if there 

is any reason to populate this new plane."  

 

"There is a lot of great opportunity here," he says. "I don't see NOTES as 

revolutionary. It might be incrementally better for some things. It is evolution rather 

than revolution at this point." 

 



Access to peritoneal cavity 

 Transgastric 

 Transcolonic 

 Transvaginal 

 Transvesical 

Transgastric approach 



Opening techiques 

 Transgastric  

 As for PEG site placement. 

 Transvaginal 

 Gynaecologist to be present. Needle inserted into anterior 
os.  

 Saline infused fills PoD pushing bowel away from vagina. 

 Access with needle knife and dilatation. 

 Transrectal 

 Access using TEMS, offers a stable platform from which to 
insert scope and also easy closure maintained. 

 



 

 Examples of 

gastrotomy closure 

modalities 

 Over 20 different 
modalities described 
in the literature 



Complexity Assessment of Gastrotomy 
Closure Devices 



Closure techniques 



Standardized Protocol for Evaluation of 
Gastrotomy Closure Techniques 



Operative Challenges 

 Optimal site for peritoneal 

access 

 Organ retraction 

 Control of major bleeding 

 Tissue approximation 



NOTES – current limitations & conventional 
equipment 

 Access / Closure 

 Infection – risk of sepsis 

 Physiological effects 

 Equipment - Instruments & 

Tools 

 Stable platform 

 Navigation 

 Orientation 

 Visualisation 

 

 

 

 

 

 



Current platform challenges 

 Scope instability – counter forces 

 Floppy instruments 

 Visual orientation (visual axis correction) 

 Small and few instrument channels (“one handed” surgeon) 

 Lack of controlled insufflation 

 Inadequate tissue approximators 



 
Visualization 

 Insufficient light 

 Limited field of view 

 Non-variable horizon 

Correcting internal scope visually (instrument not corrected) can be distracting. 



0 seconds 

40 seconds 35 seconds 30 seconds 

10 seconds 15 seconds* 

25 seconds 

5 seconds 

Fig 1. Images from a sequence of NOTES footage on a porcine model demonstrating the disorientation that can 

occur during exploration of the peritoneal cavity using a flexible endoscope. 

Navigation and Orientation 



Conventional equipment - 

instrumentation 

Front view of 

endoscope 

1 degree of 

movement at 

instrument level  

Triangulation 
required to operate 

safely 



1. Challenge to manipulate tissue without 

constraints using flexible instruments 

through flexible endoscopes. 

 

2. Surgical Instruments - Externally 

controlled, long length and large number of 

assistants required to use. 

 

3. Triangulation - insufficient retraction to 

place tension on the tissues for accurate 

dissection. 

Fig: Demonstrating difficulty in manipulating tissues using current 

instrument design. 

Fig: IRCAD - highlights the number of assistants required 

to undertake a procedure using current instrument design. 



Large organ Retraction 

 Required method involves being able to adjust retraction position and 
strength with ease. 

 

 Current NOTES methods include: 

 

 Suturing to abdominal wall 

 T-tags 

 Magnets 

 





The use of magnets for both enhancing dissection and presenting the 

dissection planes. 



Limitations: 

Requires a removing hand from endoscope to continually adjust 

position of magnet. 

Clip magnets unreliable as slip or damage tissues. 



Applications and tools : “endo-suturing” 

 Endoluminal surgery 

  - Valvuloplasty a 

  - Devices attachment a  

  - Fistula closure a 

  - Gastric reduction a 

  - Bleeding ulcer b 

  - Perforation closure b 

   - Full-thickness biopsy b 

 Transgastric surgery 

   - Gastric wound closure b  

   - Gastrojejunostomy b 

    - Ventral hernia repair b 

   - Salpingectomy b 

   … …   

 

(a Clinical applied already, b Animal study)  



  Dependent on suction 

  Unable to oversew scarred tissue 

  Side-operating method 

  Difficult at particular place  

  Limited view of the action 

Limitations of suturing device 



Early 
prototypes 

Axial 

Plane 

Plane 





Eagle Claw 

I II III 

IV V VI VII 



Eagle Claw V 



Eagle Claw II 

(B Hu et al. Gastrointest Endosc 2005 ) 



Requirements for a NOTES specific Endoscope 

 Navigate to the operative target safely and accurately in the correct 
visual orientation. 

 Flexible to access otherwise inaccessible areas but with the ability 
to be made rigid on demand and maintain its shape. 

 Superior optics that can offer depth perception and offer 
visualization of  structures, front and back, without disorientation 

 A more ergonomic control mechanism freeing up hands.  

 Reducing the number of assistants required to perform a 
procedure.  



Requirements for successful N.O.T.E.S instruments 

 

 Rigid platform from which to extend the instruments. 

 Rigid articulating instrument arms. 

 Ability to place the tissue under tension for safe and reliable 

dissection. 



First Endoscopic NOTES tools 

NOTES endoscope. Three 

channelled scope with three 

independently controlled 

paediatric diameter endoscopes. 

 



What is currently available? 
Endoscopes and Overtubes 



USGI - Shapelock overtube 

•Flexible endoscope able to 

manoeuvre to operative 

target. 

 

• External sheath which can 

lock on demand leaving 

endoscope rigid. 

 

• Instruments can be 

deployed from secure      

base. 



What is currently available? 

Provides a stable 

operating platform 

and possibility of off-

axis visualisation 

Allows the use of 

multiple, instruments 

for two-handed 

operation  

Enables suturing for 

tissue apposition 

and wound closure  

USGI Endosurg Operating 
System 

Flexible 
instrument still has 
to reach target 

 
Platform will 
lose position once 
shapelock is 
released 

 
Only 2 DoF at 
instrument tip 

 



The “Giodora” Boston Scientific Direct Drive 



What is currently available? 

Boston Scientific Direct Drive 

Control mechanism similar to laparoscopic 

paradigm 

Rigid overtube improves stability 

Orientation controlled with inner endoscope 

Not fully operable with 1 person 

Navigation to target tissue suboptimal 

Triangulation of instruments still poor 

 



Robotic Implementation 

Miniature – magnet controlled robotic 

instruments. 



Robotic implementation 



Conclusion 

 NOTES is here to stay! 

 Future applications 

uncertain 

 Likely to complement 

certain procedures in 

minimally invasive surgery 

 Improvement in tools and 

instrumentation a certainty 
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