
Important  
MICCAI Contributions  
of the past 20 years!

Nicholas Ayache!
!
"

Le patient numérique 
personnalisé Images, médecine & 

informatique"

1"



20 MICCAI Conferences"

Nicholas Ayache            
MICCAI 2017"

Important MICCAI contributions 
of the past 20 years"

2"

C. Abi Nader, L. Antelmi


200.000 km!


1998:  Boston, R. Kikinis"
1999:  Cambridge, A. Colchester"
2000:  Pittsburgh, A. DiGioia "
2001:  Utrecht, M. Viergever"
2002:  Tokyo, T. Dohi "
2003:  Montreal,  T. Peters "
2004:  St. Malo, C. Barillot"
2005:  Palm Springs, J. Duncan "
2006:  Copenhagen, M. Nielsen "
2007: Brisbane, A. Maeder "
2008:  New York, D. Metaxas "
2009:  London, G-Z Yang "
2010:  Beijing, T. Jiang"
2011:  Toronto, G. Fichtinger"
2012:  Nice, N. Ayache"
2013:  Nagoya, K. Mori"
2014:  Boston, P. Golland"
2015:  Munich, N. Navab"
2016:  Beijing, S. Ourselin"
2017:  Québec, S. Duchesne"
"
"

"



What has changed  
with MICCAI?"

•  MICCAI topics used to be presented at 
other conferences:  "
•  computer vision, image processing, "
•  pattern recognition, robotics"

•  Usually in applied sessions"
•  But MICCAI is not an application:                       

"it is a new scientific discipline"
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Why a New Science?"
•  Specificity of"

•  Medical images "
•  Medical diagnosis"
•  Medical intervention"

•  Examples:"
•  Non-projective volumetric images"
•  Physical meaning of intensity, multimodality"
•  Knowledge of anatomy and physiology"
•  Safety constraints, health regulations, etc."

Nicholas Ayache            
MICCAI 2017"

Important MICCAI contributions 
of the past 20 years"

4"



MICCAI"
•  Fusion of 3 smaller meetings in 1998 for 

the first MICCAI conference (Boston)"

•  Board of MICCAI 1998 : "
N Ayache, A Colchester, S Delp, A Digioia, J Duncan, E Grimson,        
KH Hoehne, R Kikinis, S Lavallee, S Pizer, R Robb, R Taylor, S Wells"

•  Incorporation of MICCAI Society in 2004"
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CVRMed
 VBC
 MrCAS




Board Meeting"
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Influential Papers"

•  I was asked by the organizers to present 
some of the most influential MICCAI 
papers"

•  I tried to find the 20 most cited papers "
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20 top-cited papers"
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MICCAI1998-2017!
Source: Publish or Perish!

using Google Scholar!
Year! Cites!Title! Authors!



20 top-cited papers"
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7 MIC : segmentation, detection"
Vessels

U-net

Mitosis

Valmet


Graph cuts

DT-MRI

Fibers




20 top-cited papers"
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 9 MIC : registration"

MI

CR


Block-

matching







FFDs

B-splines

Demons

Log-demons

Statistics






20 top-cited papers"
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4 CAI  :  AR, robotics, planning, visualization…"



Diversity of the field"
•  Top-cited papers both in MIC & CAI 

with a strong synergy "

•  But 20 top-cited papers do not cover 
the extraordinary diversity of the field 
nor its evolution!
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13"
1996-2015


Time


A. Frangi 2016

MedIA 20th anniversary


 free access




10K 

PubMed 

papers


1996-2015
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Registration"

•  from geometric to iconic"
•  from mono-modal to multimodal"
•  from rigid to deformable"
•  from linear to non-linear"
•  from parametric to non-parametric"
•  from Euclidean to Riemannian geometry"
•  from hand-crafted to machine learning!"
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Sotiras et al. IEEE TMI 2013, Viergever et al + Schnabel et al., MedIA, 20th anniversary, 2016




The MICCAI Revolution"
•  Medical images are much more than 

their intensities"

•  Images + medical knowledge + devices                         
+ models + algorithms"
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Personalized e-Patient

Precision e-Medicine 


CAD, CAP, CAI




"
per-op"
Images"
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diagnosis!

personalization!

 evolution"

simulation"

planning"

Images"
+"

Signals"
+"

Measures"
clinical,"

biology, genetics "
behavior"
lifestyle…"

in
 v

iv
o!

!
  Personalized "
Computational "

     Models "
      of the"

 Human Body"
"

in silico!

prognosis!

therapy!

M
ul

ti-
sc

al
e!

N. Ayache Medical Imaging Informatics: Towards a Personalized Computational Patient IMIA Yearbook of Medical Informatics 2016. "

Informatics!
Mathematics!

Medicine!
Biology!
Physics!

Chemistry!
"

Anatomy "

Physiology "

For e-Medicine!
Personalized e-Patient"

control"
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Computa(onal	models	
of	the	pa(ent	

Robo(zed	
Therapy	

Augmented									
Reality	

"

Planning	&	Simula(on	
Virtual	Reality	

Intra-op		
imaging	

Pre-op								
images	

IHU Strasbourg"
J. Marescaux, L. Soler!

Surgery Room of the Future"
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e-Anatomy"

e-Physiology"

Geometry  "
Statistics  "

Physics "

Chemistry "

Semantics "

Biology "

Algorithms!

A Hierarchy of Models"

e-Patient!

1. Brain Atrophy!

2. Endo-microscopy!

3. Oncology!

4. Cardiology !

5. Psychiatry!

N. Ayache. From Medical Images to Digital Patients, College de France, 2016. "
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𝜙 = exp(t.v) 

Time 1
 Time 2


1. Brain Atrophy"
Aβ1-42+ Aβ1-42- 

Log Jacobian" Log Jacobian"Lorenzi-Ayache-Pennec et al. MICCAI 2011+2012+2013

Khanal et al. , MICCAI 2014 (Simul@trophy) +  MICCAI Challenge 2012


Diffeomorphism "

Statistics on manifolds


SVF"

2 groups"
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2. Endomicroscopy"

Pancreas "

   Pathology: Purely Benign 
   Semantic features: Round     
   crypts, Medium lumen,  
   Normal Goblet Cells 

   Pathology: Purely Benign 
   Semantic features: Round     
   crypts, Small lumen,  
   Normal Goblet Cells 

        Pathology: Hyperplastic 
        Semantic features: Round     
        crypts, Star-shaped openings,  
        Normal Goblet Cells 

Esophagus    "

B André, Vercauteren, Wallace, Buchner, Ayache MICCAI 2010, 2011;  "
Savoire et al. MICCAI 2012;   Kohandani Tafreshi, et al. MICCAI 2014; Mahé, et al. MICCAI 2015"
"

Colon"

Colon"

Mauna Kea Technologies, Paris"

New Image


Smart Atlas"
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e-Anatomy"

e-Physiology"

Geometry  "
Statistics  "

Physics "

Chemistry "

Semantics "

Biology "

Algorithms!

A Hierarchy of Models"

e-Patient!

1. Brain atrophy!

2. Endo-microscopy!

3. Oncology!

4. Cardiology !

5. Psychiatry!

N. Ayache. From Medical Images to Digital Patients, College de France, 2016. "



3. Brain Tumors"
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Mass. General Hospital, Boston 

Konukoglu, Clatz, et al., MICCAI 2006, MICCAI 2007; Geremia, Menze, Criminisi, et al., MICCAI 2012;            
Lê, Delingette, …,Unkelbach, Ayache. MICCAI 2015;   Menze et al. MICCAI BRATS 2012 - 2017 "

Maximal dose"

 Tumoral cell 
density"

GTV : 60 Gy - T1Gd + 2cm 
CTV 46 Gy  - T2Flair + 1.5cm!

Optimized dosimetry"

Standard dosimetry"

Fisher-Kolmogorov


Radiotherapy"
model"

Migration + proliferation




3. Liver Tumors"
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Vascular systems "

Biophysical model: blood flow, heat transfer, necrosis"

Siemens Princeton"
Johns Hopkins"

IHU Strasbourg "
Inria"
"

C Audigier, T Mansi, H Delingette, Michael Choti, Ali Kamen, L. Soler… D Comaniciu, N Ayache !
MICCAI 2013 + MICCAI WS 2014 !

Thermoablation"

PDEs: Navier-Stokes, porous media, reaction–diffusion-advection

Temperature " Necrosis"

Pre-op" Per-op"
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4 .Cardiology"

LA"

SA"

Bestel Clement Sorine : MICCAI 2001;    Marchesseau, Delingette, Sermesant, Ayache MICCAI 2012	
Zettinig, Mansi, Comaniciu et al. MICCAI 2013;   Neumann et al.   MICCAI 2015	
Camarra, Mansi, Pop, Rhode, Sermesant, Young et al.  MICCAI STACOM 2014 + STACOM 2010-2017	

dP/dt before! after!

Electrical
 Mechanical


Siemens, Philips, GE

Heart Flow, Arterys, 

InHeart, etc.

 Haemodynamics


Siemens




5. Behavior "
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P. Kontschieder, A. Criminisi et al.,       
MICCAI 2014 


Multiple Sclerosis! Control !

Patient’s motion" Surgeon’s activity"

I. Aksamentov, A.P. Twinanda, D. Mutter, J. Marescaux,   
N. Padoy,  MICCAI 2017 




What’s Next ? "

•  New image modalities, new sensors"
•  More power & memory"
•  More data (real & simulated)"
•  More biophysical modeling (even for ML) "
•  More inter-disciplinarity"
•  More clinical and industrial transfer"
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 e-Patient!
for e-Medicine!

A Virtuous Triangle"
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Multidisciplinary !
Academic !
Research !

Clinical!
Partners !
"

Industrial!
Partners !
"

Informatics, Mathematics"
Medicine, Biology"
Physics, Chemistry,"
 etc."



Medical Image Analysis Journal  
20th Anniversary  

special issue 2016"

•  Editorial by N. Ayache & J. Duncan!
•  32 visionary & historical papers with 

clinical & industrial transfer by:                 
S. Wells, M. Brady, D. Rueckert, D. Comaniciu, 
A. Frangi, S. Ourselin, W. Niessen, J. Schnabel,         
A. Noble, A. Young, J. Weese, D. Hawkes,           
T. Peters, N. Navab, G. Szekely, L. Joskowicz,   
A. Criminisi, M. de Bruijne, D. Metaxas,                
N. Paragios, G. Gerig, R. Deriche, JF. Mangin,  
C. Barillot, M. Viergever, C. Davatzikos,                 
P. Golland, K. Mori, M. Sonka, A. Madabhushi,  
R. Kikinis, G. Fichtinger!
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free access "

www.journals.elsevier.com/medical-image-analysis 




Asclepios Team"
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X. Pennec
 H. Delingette


M. Lorenzi

M. Sermesant


H. Lombaert
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Thank you ! 

Collaborators and Partners"
•  Academic"
•  Clinical"
•  Industrial"

Methodologies &"
Clinical research"

www.college-de-france.fr" team.inria.fr/asclepios/"
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