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What is ‘Minimally Invasive’ Surgery?

 The field of surgery in which operative 
interventions are performed using less 
traumatic approaches than traditional 
surgical procedures

• a.k.a. minimal access surgery
• e.g. laparoscopic and endoscopic surgery

• Generally, when 1st introduced in a discipline 
disruptive technology



Washington University Med Center, circa 1988



Late 1980’s



First Published Report of Laparoscopic Cholecystectomy



Laparoscopy pre-1987



Samuel A. Wells, Jr., M.D.



Lap Chol’y: Pig Studies Using 
Monopolar Electrocautery







Local Effect of Lap Chol’y



L.B.J. Cholecystectomy Scar





World’s First Laparoscopic Nephrectomy, June 1990

Barnes Hospital, St. Louis, MO





Lap Choly Lay Press





Laparoscopic Training
Oct., 1990









Lap Choly Complications



“….raised doubts about the adequacy of surgery’s self-regulated

system for introducing new laparoscopic procedures.”



“Those who cannot remember 
the past are condemned to 

repeat it”
-George Santayana



Laparoscopic Surgery
“What a Long, Strange Trip It’s Been”

Laparoscopic cholecystectomy: 
• Pioneers 1985-1987-1988
• Widespread adoption 1990-92
• Prospective, randomized trials 1992 to 

the present
Other laparoscopic procedures: 

‘Cowboy’ advances, 1990 on



J. Ponsky
J. Ponsky



Laparoscopic Procedures
Accepted

– Cholecystectomy
– Antireflux Surgery
– Adrenalectomy
– Splenectomy
– Nephrectomy
– Gastrectomy
– Ventral Hernia Repair

– Heller Myotomy
– Donor 

Nephrectomy
– Gastric Bypass
– Appendectomy
– Colectomy*
– Inguinal Hernia 

Repair*
– CBD Exploration*



Laparoscopic Procedures
New(er) Operations

– Esophagectomy
– Esophageal lengthening 

procedures
– Rectal resection
– Liver resection
– Pancreatic resection





“Surgical Robotics” as currently 
practiced = computer interface 
between surgeon and patient 

with a master/slave robot





From T. Ponsky





Potential Advantages of Robotics 
in Surgery
 Improved dexterity
• Tremor elimination
• Motion scaling
• ‘True’ motion of instruments
• Articulation
 Better visualization
• Surgeon directed optics
• Stable visual field
• 3-D vs 2-D visualization
 Telesurgery applications
 Enhanced ergonomics for the surgeon

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi4mN-RlMDJAhUE5SYKHRa7AbYQjRwIBw&url=http://pacificcoastchirowellness.com/shoulder-pain/&bvm=bv.108538919,d.eWE&psig=AFQjCNG5r4Er8cyK5k2K1SEfwJRaPalspA&ust=1449248123206956
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi4mN-RlMDJAhUE5SYKHRa7AbYQjRwIBw&url=http://pacificcoastchirowellness.com/shoulder-pain/&bvm=bv.108538919,d.eWE&psig=AFQjCNG5r4Er8cyK5k2K1SEfwJRaPalspA&ust=1449248123206956


Current Disadvantages to use of 
Robotics
Absence of haptic (“tactile”) feedback
Complex, bulky equipment/few end 

effectors
Steep learning curve
Training and safety concerns
Lack of General Surgical applications
Expense



Computer-assisted (“Robotic”) 
Surgery--COST

• Intuitive (DaVinci)
–Monopoly Moore’s law not 

operational
–Purchase Price: >$2.5M 
–FTE for maintenance
–Per-case disposables
–Docking time, etc.
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Robotic Abdominal Surgery

Current applications
• Esophageal myotomy/esophagectomy
• Gastric bypass in superobese
• Biliary and pancreatic reconstructive procedures
• Rectal resections
• Vascular bypasses
• Tubal reanastomosis
• Partial nephrectomy
• Gyn-Onc resections*
• Radical prostatectomy***



Clinical Experience With Robotic 
General Surgery
Case series of computer-assisted surgery for 

laparoscopic Heller myotomy, fundoplication, 
cholecystectomy, donor nephrectomy, 
adrenalectomy, esophagectomy, etc.

More recent reports of single-incision robotic 
cholecystectomies and hernia repairs

Telesurgery
-Marescaux/IRCAD
-Anvari/Canada



Quality Metrics of Robotic General 
Surgery
 Only a handful of prospective randomized trials exist         

( LNF, RYGB, L.C., adrenal) showing equivalent clinical 
outcomes and longer OR time

 ? Fewer intraoperative perforations with Heller
 Recent UHC-based study (2600 pts) found no difference 

in clinical outcomes between LHM and RHM
 In most studies, OR time longer for robot
 NIS study: Robotic colorectal surgery longer OR time, 

higher cost, and more blood loss than laparoscopic 
surgery

 Complications of robotic surgery ‘underreported’

•Horgan, et al, JOGS 2005; Maeso, et al, Ann Surg 2010; Shaligram, et al, Surg 
Endosc 2011; Keller, et al, Surg Endosc 2013; Cooper,
et al, J Healthc Qual, 2013



Quality Metrics of Robotic Pelvic 
Surgery
 LAVH vs. RAVH—no difference in clinical outcomes; 

longer OR time for robot
– Soto, et al, J Gynecol Oncol 2011; Wright, et al, J Clin oncol 2012

MIRP vs. RRP—shorter LOS, decreased anastomotic
stricture, but higher rate of incontinence and ED in MIRP
– Hu, et al, JAMA 2009

 ACOG (Breeden), 2013: “There is no good data proving that robotic 
hysterectomy is even as good as—let alone better—than existing, and far 
less costly, minimally invasive alternatives.”



Current Value of Robotic Surgery

Value = Quality
Cost

=unjustifiable for most general 
surgery applications





Robotics in General Surgery
Conclusions

We are witnessing the infancy of this field
 Numerous technical and financial impediments 

limit widespread application—these issues may 
be resolved with introduction of alternative 
devices and technology

 Potential advantages of ‘robotic surgery’ compel 
further evaluation and application of computer-
assisted technology in the O.R.



(From R. Clayman)



Surgery ‘On the Cusp’

Procedures via natural orifices
Reduced port laparoscopy
Other image-guided therapies



Endolumenal Procedures

Antireflux Therapies:
• FDA Approved

– Stretta--submucosal RF heating—Bankrupt, 
recently re-released

– Bard--sutured gastroplasty—Doesn’t work
– Enteryx--intramuscular injection of biopolymer-

-Withdrawn
– NDO Plicator--full-thickness plication of GEJ

• Minimal clinical use--Bankrupt
– Esophyx (TIF)

•Just completed sham controlled study



EsophyXR Transoral Incisionless 
Fundoplication (TIF)

 Endolumenal fundoplication
 Restores angle of His, creates full-

thickness valve with polypropylene 
fasteners

 Phase II clinical trial in Europe
 Released by FDA 9/07
 Limited experience in U.S.—sham-

controlled trial completed



TIF—Esophyx Device

Tissue Invaginator

Controls

Tissue Mold

Helical Retractor
Stylet /  Fastener

Chassis with depth markings

Thursday, October 27, 11





Endoluminal Fundoplication (ELF)

4 week Post-ELF
Pre-ELF                    Post-ELF



Hunter, et al

Gastro ‘15
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Endolumenal Therapy (cont)

Upper GI
• Mucosal resections—now, full-thickness
• Ablative techniques for Barrett’s**
• Endolumenal bariatric applications
• Endoscopic stapling/suturing

Trans-rectal
• TEM
• Endoscopic stapled sleeve resection



Natural Orifice Translumenal 
Endoscopic Surgery 

(NOTES)



Abdominal Surgery

Open surgery
(‘big surgeons make big incisions’)

Laparoscopic Surgery

Percutaneous ablations
(Interventional radiology)

Natural Orifice Translumenal
Endoscopic Surgery (NOTES)





The NOTES Concept

 Enter body through natural orifice (mouth, 
anus, vagina, etc) with endoscope

 Exit mucosa of viscera
 Perform extra-lumenal procedure
 Pull back into viscus and close visceral wall 

securely
 Remove scope from orifice



Trans-gastric NOTES

Kalloo 2004 – “Flexible transgastric peritoneoscopy: a novel 

approach to diagnostic and therapeutic interventions in 

the peritoneal cavity” 

– Gastrointest Endosc 60(1): 114-7



Trans-vaginal Cholecystectomy

Tsin 2003 – “Culdolaparoscopy….can be used for 

exploration and operation in the abdominal cavity….(and) 

feasibility of a cholecystectomy..”

Tsin DA, Sequeria RL, Giannikas G. Culdolaparoscopic

cholecystectomy during vaginal hysterectomy. JSLS 7(2): 171-2. 



Why NOTES?

 Less invasive (?)
• Less pain
• Less tissue trauma
 Outpatient procedures—disruptive 

technology (?)
 Cosmesis
 Anticipated public demand for 

“incisionless” surgery



Possible Procedures--???

 Staging for cancer or pain
 Appendectomy
 Bowel resection
 Bariatrics
 GYN procedures
 Adhesiolysis
 Diaphragm pacing
 Cholecystectomy*
 Per-oral endoscopic myotomy (POEM)***



Natural Orifice Access Routes

Trans-nasal
Trans-aural
Trans-oral**
• Trans-esophageal
• Trans-gastric (TG)
Trans-vaginal (TV)**
Trans-vesical
Trans-anal*



NOTES Cholecystectomy

 Trans-gastric (TG)
– Gastrotomy/closure
– Retroflexed view
– Remove GB/stones via esophagus
– All ‘hybrid’ (lap-assisted) procedures to date

 Trans-vaginal (TV)
–Vaginotomy/closure
– Direct (in-line) view
– Can use rigid and/or flexible instruments
– Limited experience as true NOTES procedures
– Only applicable to women



NU Hybrid NOTESTM Cholecystectomies: 
TG (4) vs TV (9) 

 Operative time, 323 vs. 140 min*

 Access closure time, 63 vs 7 min*

 Length of stay, 52 vs 9 hrs*

 Pain pills, 4.5 vs. 0.3 

 Complications, 1 vs 0



Standard LC vs. T-V Hybrid Chol’y

7 matched patients in each group, collected 
prospectively

4-port  LC vs.  T-V chol’y using single 5 mm 
umbilical port and flexible instruments

OR time 68 vs. 162 min (p<0.05); 6/7 in 
each group outpatient; no major 
complications

VAS pain and narcotic use significantly less 
during first 24 hr. in T-V group

• Teitelbaum et al, Surg Endosc, 2014





NOTES Results
 Largely unknown
 NOSCAR registry not widely used
 Many small published series, primary 

transvaginal
 Transgastric operations double or triple 

OR time; transvaginal procedures ~1.5 X
 Complications reported: gastrotomy

bleeding, peritonitis, esophageal 
perforation, injury to bladder and rectum, 
inability to extract GB through 
esophagus* 
– 36% GBs unable to be pulled through standard overtube

(Auyang, et al, Surg Endosc 2011)

Most centers have stopped trials





Chicago Sun-Times 9/07



Achalasia

• Rare, idiopathic disease of esophageal motility

• Failure of esophagogastric junction (EGJ) 
relaxation and aperistalsis of the esophageal 
body

• Results in dysphagia, regurgitation, and 
esophageal dilation



Diagnosis

• Based on history and manometry
• Upper endoscopy – rule out pseudoachalasia
• Esophagram – define anatomy



Current Treatment of Achalasia

Medical
• Pharmacotherapy: Nitrates/Ca-channel blockers

– ~20% partial response

• Endoscopic Botox (botulinum toxin A) injection*

Mechanical
• Endoscopic pneumatic dilation*
• Esophagomyotomy (Heller or POEM)

(Excisional
• End-stage disease)

*Renders subsequent myotomy more difficult



Inoue H, et al. Endoscopy 2010;42:265-71

POEM



POEM video



POEM Results

>160 performed at Northwestern
Publications on learning curve, perioperative 

results, one-year outcomes
Equivalent perioperative outcomes to Heller 

myotomy
~4% failure rate at one year (learning curve)
~30% rate of GERD at one year
Most patients coming to our center now demand 

POEM
Hungness, Teitelbaum, Soper, et al, multiple publications

Thousands performed in Shanghai, Yokohama, etc.



POEM: Utility in Type III Achalasia?
 LHM limited in proximal extent of myotomy (S.I. <70%)
 Trans-thoracic extended myotomy not tested
 Targeted extended myotomy via POEM:

65 y.o. F with dysphagia and chest pain; HRM:

• Type III

• Spasms to

~ 8 cm prox

to EGJ



Preoperative Postoperative

POEM; myotomy 9 cm prox to EGJ; currently asymptomatic



Hindrances to NOTES’ Expansion

 Cost/payment considerations
 Potential issues with FDA— ‘off-

label use of endoscopic 
equipment’

 Patient safety concerns
 Lack of ‘buy-in’ by patients and 

referring physicians
 Need for better instrumentation







Summary: NOTES 2015

 Limited clinical experience—majority 
‘hybrid’

 Most centers have discontinued 
NOTES cholecystectomies

 Increasing interest in trans-anal
procedures 

 POEM procedure promising and 
may be the primary legacy of the 
NOTES’ investigations



Spin-offs

 Single incision laparoscopic surgery
• SILS, SPA, OPUS, etc., etc.
• In-line dissection; many instruments expensive; 

concern re: injuries occurring as a result of novel 
dissection/retraction techniques* and incisional 
hernias**
 *Joseph, et al, Ann Surg 2012
 **Marks, et al, JACS 2013



Other ‘Spin-Offs’

Microlaparoscopy

Advanced endolumenal techniques
• EMR, ESD, Barrx
• Bariatric applications

TEM, transrectal procedures



Future Prognostication

“We don’t like their sound, and 
guitar music is on the way out.”

• Decca Recording Co.executive, on 
rejecting the Beatles, 1962



MIS: What’s Ahead

Single incision laparoscopy—coupled 
with robotics?

Return of ‘needle-oscopy’
Simulators for skill acquisition and 

improvement 
Computerized preoperative planning 

with intraoperative  image registration 
to allow focused therapy (CT, MR, 

U/S, etc)
Endoluminal procedures (bariatrics)



MIS: What’s Ahead

Advanced technology application
• Purpose-built robotic systems that are smaller 

and cheaper
• ? Use of micro-robots
• Sense-enhancement (haptics, etc.)
• Ability to overlay alternative ‘views’ over 

visual field (scintigraphic, infrared, etc)
• Widespread telematics applications--

intraoperative consultations, etc.



MIS: What’s Ahead

No-incision surgery
• Improved endolumenal techniques
• Blurring of intralumenal/extralumenal abdominal 

procedures
• New training paradigms for ‘GI Interventionists’—GI 

surgeons clearly need to embrace flexible 
endoscopy!

• Further development and clinical application of 
NOTES

• Widespread application of “trackless” ablative 
procedures



“We can anticipate a day when 
surgery can be done without a 

knife or a hole”
-John Hunter, 1790



“Surgery is moving from knife, to 
cannula, to needle…...

to nothing.”
--Ralph V. Clayman, 2000


