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Lithotomy	  -‐	  “Cu1ng	  for	  Stone”	  

No	  anesthesia!	   October	  16,	  1846	  	  MGH	  Boston	  
First	  demonstra9on	  of	  ether	  anesthesia	  

Lister’s	  introduc9on	  of	  surgical	  an9sepsis:	  1867	  

Early	  MIS	  
•  Hugh	  Young	  -‐	  Johns	  Hopkins	  Hospital	  
•  Developed	  instrument	  for	  transurethral	  
prostate	  resecJon	  -‐	  1906	  

Controversy	  about	  RoboJc	  Surgery	  
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RoboJc	  Surgery:	  	  
How	  We	  Got	  Here	  and	  
Where	  We	  Are	  Going	  	  

Craig	  A.	  Peters,	  MD	  
Chief,	  Pediatric	  Urology	  
Children’s	  Medical	  Center	  

University	  of	  Texas	  Southwestern	  
Dallas,	  TX	  

Pediatric	  Laparoscopic	  Pyeloplasty	  -‐	  1995	  

Why	  Minimally	  Invasive	  Surgery	  in	  
Children?	  

“Children	  recover	  
quickly	  from	  any	  
incision,	  and	  my	  
incision	  is	  small”	  

It	  may	  be	  
small	  to	  
YOU!	  

Simply	  reducing	  the	  
number	  of	  sJtches	  or	  
the	  length	  of	  the	  
incision	  is	  NOT	  the	  goal	  
of	  minimally	  invasive	  
surgery	  -‐	  surgical	  
morbidity	  is	  a	  complex	  
combinaJon	  of	  Jssue	  
trauma,	  metabolic	  
changes,	  inflammatory	  
effects,	  and	  paJent	  
percepJon	  

Minimally	  invasive	  sports	  surgery	  -‐	  Mt	  Sinai	  Hospital,	  NY	  

If	  you	  can	  do	  Laparoscopy,	  do	  
you	  need	  a	  robot?	  

• If	  an	  operaJon	  is	  
difficult,	  you	  are	  not	  
doing	  it	  properly	  
	  	   	   	   	   	   	   	   	  Robert	  Gross,	  MD	  

	  “Father”	  of	  American	  Pediatric	  
Surgery	  
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• What	  nice	  operaJon	  
are	  you	  making	  
difficult	  today?	  

	  	  	  W.	  Hardy	  Hendren,	  MD	  
	   	   	  Robert	  Gross	  Professor	  of	  Surgery,	  	  

Harvard	  Medical	  School	  

ConvenJonal	  Laparoscopy:	  	  
Pirate Surgery

•  Ergonomically	  
challenging:	  like	  
running	  with	  a	  peg-‐
leg	  	  

•  OperaJng	  with	  a	  
hook	  at	  Jmes	  

•  Working	  with	  one	  eye	  
covered	  

Idea	  stolen	  from	  John	  Meehan,	  MD	  

ConvenJonal	  Laparoscopic	  vs.	  
RoboJc	  Pyeloplasty	  

EvoluJon	  of	  a	  Technology	  

•  Development	  of	  single-‐site	  
roboJc	  systems	  may	  
reduce	  surgical	  morbidity	  
even	  more	  without	  
affecJng	  safety	  

Emergence	  of	  
RoboJcally	  Assisted	  
Surgery	  -‐	  DaVinci	   RoboJc	  Surgery	  -‐	  Challenge	  

•  Is	  this	  simply	  an	  expensive	  technology	  that	  
has	  reduced	  morbidity	  for	  a	  few?	  

•  Another	  example	  of	  “Technology-‐push”	  
innovaJon	  that	  will	  ulJmately	  have	  limited	  
real	  value?	  

•  …or,	  a	  truly	  valuable,	  paradigm-‐shihing	  
technology	  that	  will	  re-‐define	  the	  surgical	  
experience?	  
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Pediatric	  ApplicaJons	  of	  the	  DaVinci	  System	  
Urology	   General	  Surgery	  

Pyeloplasty	  (primary	  /	  secondary)	   Nissen	  fundoplicaJon	  

ParJal	  nephrectomy	   Cholecystectomy	  

Pyeloureterostomy	   DiaphragmaJc	  hernia	  

Ureterocalicostomy	   Choledochal	  cyst	  

Ureteral	  reimplantaJon	   Neuroblastoma	  resecJon	  

Megaureter	   Ladd’s	  procedure	  

Ureterocele	  repair	   Bronchogenic	  cyst	  

Bladder	  neck	  reconstrucJon	   MediasJnal	  tumor	  resecJon	  

ConJnent	  catheterizable	  stoma	   Kasai	  portoenterostomy	  

Enterocystoplasty	   Duodenal	  atresia	  

Antegrade	  conJnence	  enema	   Tracheo-‐esophageal	  fistula	  

Mullerian	  remnant	  excision	   Pulmonary	  resecJon	  

Orchiopexy	   Ano-‐rectal	  reconstrucJon	  

Cardiac	  Surgery	   Otolaryngology	  
AorJc	  ring	  repair	   Laryngeal	  cleh	  repair	  

Patent	  ductus	  arteriosus	  

Progressive	  Capability	  

•  Mastery	  of	  simple	  procedures	  laid	  the	  
foundaJon	  for	  more	  complex	  ones	  

•  Nephrectomy	  facilitated	  pyeloplasty	  
•  Pyeloplasty	  facilitated	  parJal	  nephrectomy	  
and	  ureteroureterostomy	  

•  Reimplants	  facilitated	  excisional	  megaureter	  
repair,	  conJnent	  catheterizable	  channels	  and	  
cystoplasty…	  

InnovaJve	  RoboJc	  Surgery	  

•  HIDES	  technique	  pyeloplasty	  for	  kidney	  
obstrucJon:	  all	  incisions	  below	  waist	  line	  

•  AugmentaJon	  cystoplasty	  
•  ConJnent	  catheterizable	  stomas	  for	  bladder	  
abnormaliJes	  

•  Bladder	  neck	  reconstrucJon	  for	  inconJnence	  
•  Radical	  cystectomy	  in	  children	  
•  Retroperitoneal	  lymph	  node	  dissecJon	  for	  tesJs	  
cancer	  

Laryngeal	  cleh	  repair	  

Open	  repair	  RoboJc	  set-‐up	  

Reza	  Rehbar,	  DMD,	  MD	  	  Children’s	  Hospital	  Boston	  
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Pediatric	  Urology	  RoboJc	  Surgery	  -‐	  
State	  of	  the	  Art	  2017	  

•  Pyeloplasty	  (primary	  and	  reoperaBve)	  

•  Ureteral	  reimplantaJon	  

•  ParJal	  Nephrectomy	  

•  Pelvic	  Surgery	  
•  Bladder	  augmentaBon,	  conBnent	  urinary	  
diversion	  (emerging)	  

Growth	  of	  RoboJcs	  

hpps://seekingalpha.com/arJcle/3637516-‐rise-‐machines-‐
makes-‐transenterix-‐Jtan-‐medical-‐strong-‐buys	  

RoboJc	  Surgery	  Market	  Share	  

hpps://seekingalpha.com/arJcle/3637516-‐rise-‐machines-‐
makes-‐transenterix-‐Jtan-‐medical-‐strong-‐buys	  

RoboJc	  Surgery	  Growth	  

RoboJc	  Surgery	  Development	  

SOPHIE-‐	  Eindhoven	  Univ.	  

RAVEN-‐	  Univ.	  of	  Washington	  

MiroSurg-‐German	  
Aerospace	  -‐	  Munich	  

Amadeus	  System	  –	  Titan	  Medical,	  Canada	  

M7	  Surgical	  robot	  -‐	  
SRI	  
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Emerging	  RoboJc	  systems	  
REVO-‐I	  -‐	  Korea	  

European Urology 2016 69, 541-542DOI: (10.1016/j.eururo.2015.11.024)  
Copyright © 2015 European Association of Urology Terms and Conditions 

hpp://www.meerecompany.com	  

Titan	  Medical:	  SPORT™	  Surgical	  System	  

hpp://www.Jtanmedicalinc.com	  

Virtual	  Incision	  Corp.	  

hpps://www.virtualincision.com	  

Did	  Halsted	  need	  a	  robot?	  
Surgical	  Needs	  

•  VisualizaJon	  
•  Tissue	  handling	  
•  Instrument	  control	  
•  SituaJonal	  knowledge	  
•  Tissue	  joining	  
•  Tissue	  removal	  
•  Safety	  
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The only way the 
defenseless patient can 
retaliate upon the 
incompetent surgeon is 
hemorrhage 

    W.S. Halsted 



6/1/17	  

8	  

Pathways	  to	  the	  Future	  

•  Control	  and	  AutomaJon	  

•  Image	  integraJon	  

•  NavigaJon	  
•  HapJcs:	  physical	  and	  biological	  
•  Novel	  RoboJc	  Systems	  

“No	  fly”	  zones	  

“No	  fly”	  zones	  

Semi-‐autonomous	  surgical	  robot	  

STAR	  –	  Children’s	  NaJonal	  Health	  System	  
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Augmented	  Reality	  (“Mixed	  reality”)	  

K.	  Cleary,	  D.	  Preciado	  

HapJcs:	  Technology	  

•  Visual	  
•  Auditory	  
•  Force-‐feedback	  
•  Biologic	  

HapJc	  Needs	  

•  Tissue	  texture	  –	  differenJate	  types	  of	  Jssues	  
and	  structures	  to	  idenJfy	  locaJon/anatomy	  

•  Tool	  resistance	  when	  moving	  into	  a	  structure	  
you	  may	  not	  want	  to	  touch	  

•  Tension	  on	  suture	  or	  Jssue	  

PneumaJc	  force	  sensors	   Procedure-‐specific	  RoboJc	  Systems	  

•  Procedure/LocaJon-‐specific	  
Systems	  
Ø  Mazor	  System:	  spine	  surgery	  

Ø  Mako	  RoboJcs:	  knee	  surgery	  

Ø  DaVinci:	  largely	  limited	  to	  
abdominal	  and	  thoracic	  (chest)	  
procedures	  
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Task-‐specific	  Robots	  

•  Manage	  individual	  surgical	  
tasks	  
ü Cu1ng	  or	  sawing	  

ü Suturing	  

ü Anastomosis	  

ü Endoscope	  control	  

ü Needle	  biopsy	   ViKY	  Endo	  Control	  

SOLOASSIST	  AkJve	  Kameraführung	  

RoboJc	  Surgery	  Sites	  

Surgical	  Needs	  

PosiJon	  control	  
User	  interface	  

InformaJon	  integraJon	  
ManipulaJve	  interface	  

Energy	  delivery	  
Effectors	  

	  

“Simple”	  
Independent	  
Rigid	  

DaVinci	   RoboDoc	   Mazor	   Mako	  

Procedure-‐specific	  RoboJcs	  
System	  

Surgical	  Needs	  

PosiJon	  control	  
User	  interface	  

InformaJon	  integraJon	  

Modules	  
ManipulaJve	  interface	  

Energy	  delivery	  
Effectors	  

Complex	  
Integrated	  
Flexible	  

Modular	  Robo9cs	  

Tele-‐proctoring	  
•  Use	  of	  real-‐Jme,	  

remote	  access	  to	  
DaVinci	  video	  
stream	  to	  observe	  
and	  guide	  the	  
more	  advanced	  
trainee.	  

•  Secure	  link	  via	  
Internet	  into	  the	  
roboJc	  OR	  

RoboJc	  SimulaJon	  

•  Novel	  virtual	  
reality	  simulator	  
for	  roboJc	  surgery	  
with	  the	  DaVinci	  
system	  

•  MIMIC	  (Seaple,	  
USA)	  
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Da	  Vinci	  Virtual	  Reality	  SimulaJon	   RoboJc	  SimulaJon	  

•  Development	  and	  
ValidaJon	  of	  an	  
inexpensive	  
procedure-‐specific	  
simulaJon	  tool	  –	  
Timberlake	  

•  $2.50	  

RoboJc	  Skills	  Assessment	  
•  CredenJaling	  
•  Maintenance	  of	  
CerJficaJon	  

•  Liability	  

N	  Engl	  J	  Med	  
2013;369:1434-‐42.	  
DOI:	  10.1056/NEJMsa1300625	  

PaJent	  Data	  

Post-‐OperaJve	  
Assessment	  and	  
Monitoring	  

• Digital	  image	  data	  
• Anatomical/funcJonal	  data	  
• GeneJcs	  
• Lab	  reports	  
• Clinical	  observaJons	  

• Diagnosis	  
• QuanJtaJve	  analysis	  
• Image	  processing	  
• Machine	  learning	  
• MulJ-‐modal	  integraJon	  
• Decision	  for	  surgery	  

• Modeling	  
• SimulaJon	  
• ComputaJonal	  anatomy	  
• Personalized	  data	  
• Training	  
• Device	  prototyping	  

• Real-‐Jme	  image	  integraJon	  
• Image-‐guided	  intervenJon	  
• Surgical	  navigaJon	  
• RoboJcs	  
• Augmented	  reality	  
• Control	  and	  opJmizaJon	  

• PaJent	  monitoring	  
• Disease	  staging	  
• Outcome	  evaluaJon	  
• Disease	  management	  
• Augmented	  Reality	  

Clinical	  
Assessment	  

Surgical	  
Planning	  

Intra-‐OperaJve	  
Guidance	  and	  

Control	  

Integrated	  
Surgical	  
InformaJon	  

Novel	  Technology	  RFA	  response	  -‐	  2014	  

Virtual	  RoboJc	  Systems	  

•  SRI	  RoboJcs	  is	  licensing	  technology	  directly	  to	  VERB	  
•  Goal:	  “…advanced	  imaging,	  data	  analysis,	  and	  machine	  learning	  to	  remove	  

variaJon,	  enable	  greater	  efficiency	  and	  provide	  beper	  outcomes	  across	  the	  
spectrum	  of	  surgery.”	  (WSJ	  2016)	  

Image integration 
for greater precision 

Navigation and Programmed 
movement 

Virtual Reality 
simulation for 

training and safety 

Tissue haptics and sensors 
for precision and accuracy 

Smaller and Smarter instruments  
for greater access and less 

morbidity 

Evolving Robotic Surgery for Infants and Children: 
Systems Integration 
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Paradigm	  Shih?	  

“I	  thought	  I	  felt	  a	  paradigm	  shih,	  but	  it	  was	  
just	  my	  undershorts	  riding	  up.”	  

The	  PaJent	  Experience	  

•  While	  difficult	  to	  measure	  or	  
value,	  paJent	  and	  family	  
experience	  and	  percepJons	  are	  
criJcally	  important	  

•  What	  is	  “enough”	  reducJon	  in	  
morbidity?	  

•  What	  is	  the	  value	  of	  a	  beper	  
cosmeJc	  result?	  

2	  days	  Post-‐op	  from	  parJal	  nephrectomy	  

Impact	  on	  the	  PaJent	  and	  Family	  

•  Reducing	  morbidity	  and	  improving	  outcomes	  
requires	  being	  able	  to	  measure	  them	  

•  It	  is	  not	  the	  paJent	  alone	  who	  is	  impacted	  by	  
surgery,	  but	  the	  enJre	  family	  

•  Developing	  ways	  to	  capture	  how	  the	  paJent	  
and	  family	  are	  affected	  by	  the	  surgical	  
experience	  is	  essenJal	  for	  us	  to	  really	  improve	  
that	  experience	  

Surgical	  RoboJcs	  2017	  

•  There	  is	  an	  inherent	  dilemma	  within	  new	  
medical	  technologies:	  
ü The	  need	  to	  ensure	  value	  and	  safety	  
ü The	  need	  to	  allow	  innovaJon	  to	  survive	  

•  RoboJc	  pediatric	  surgery	  has	  several	  clear	  
“wins”	  –	  pyeloplasty	  in	  older	  children,	  
retrovesical	  surgery,	  complex	  renal	  
reconstrucJon	  –	  these	  may	  be	  seen	  as	  heralds	  
of	  potenJal	  future	  “wins”.	  

The	  ulJmate	  
in	  outpaJent	  
surgery?	  

The	  Future?	  
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The	  Future?	   Robotic Anxiety 

Surgical	  RoboJcs	  2017;	  and	  beyond	  

•  Our	  job	  is	  to	  criJcally	  look	  at	  roboJc	  
procedures,	  their	  outcomes	  and	  impact	  on	  the	  
paJent	  and	  their	  family	  

•  This	  requires	  a	  degree	  of	  equipoise	  –	  you	  have	  
to	  be	  willing	  to	  be	  objecJve	  and	  self-‐criJcal	  

•  If	  not,	  credibility	  goes	  out	  the	  door	  

•  AnBcipate	  and	  Shape	  the	  future	  


