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What has changed
with MICCAI?

- MICCALI 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.
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MICCAI

- Fusion of 3 smaller meetings in 1998 for
the first MICCAI conference (Boston)
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s 2 Y
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CVRMed — |  VBC

- 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
N miccal
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Influential Papers

- | was asked by the organizers to present
some of the most influential MICCAI
papers

- | tried to find the 20 most cited papers
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20 top-cited papers
Source: Publish or Perish

MICCAI1998-2017 using Google Scholar
Year Title Authors Cites

itle Authors
ultiscale vessel enhancement filtering AF Frangi, WJ Niessen, KL Vincken...
mage registration by maximization of combined mutual information and gradient information JPW Pluim, JBA Maintz, MA Viergever
he correlation ratio as a new similarity measure for multimodal image registration A Roche, G Malandain, X Pennec, N Ayache
-net: Convolutional networks for biomedical image segmentation O Ronneberger, P Fischer, T Brox
\ generic framework for non-rigid registration based on non-uniform multi-level free-form deformationsif{ JA Schnabel, D Rueckert, M Quist, JM Blackall.
itosis detection in breast cancer histology images with deep neural networks DC Ciresan, A Giusti, LM Gambardella...
almet: A new validation tool for assessing and improving 3D object segmentation G Gerig, M Jomier, M Chakos
Augmented reality visualization for laparoscopic surgery H Fuchs, MA Livingston, R Raskar, K Keller...
on-parametric diffeomorphic image registration with the demons algorithm T Vercauteren, X Pennec, A Perchant...
nteractive organ segmentation using graph cuts Y Boykov, MP Jolly
Block matching: A general framework to improve robustness of rigid registration of medical images S Ourselin, A Roche, S Prima, N Ayache
bymmetric log-domain diffeomorphic registration: A demons-based approach T Vercauteren, X Pennec, A Perchant...
iffeomorphic registration using B-splines D Rueckert, P Aljabar, RA Heckemann...
\ log-euclidean framework for statistics on diffeomorphisms V Arsigny, O Commowick, X Pennec...
R compatibility of mechatronic devices: design criteria K Chinzei, R Kikinis, FA Jolesz
A\n integrated visualization system for surgical planning and guidance using image fusion and interventioff| DT Gering, A Nabavi, R Kikinis, WEL Grimson...
nderstanding the “demon's algorithm”: 3D non-rigid registration by gradient descent X Pennec, P Cachier, N Ayache
R compatible surgical assist robot: System integration and preliminary feasibility study K Chinzei, N Hata, FA Jolesz, R Kikinis
Rician noise removal by non-local means filtering for low signal-to-noise ratio MRI: applications to DT-MHAJ|N Wiest-Daesslé, S Prima, P Coupé...
lustering fiber traces using normalized cuts A Brun, H Knutsson, HJ Park, ME Shenton...
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20 top-cited papers
Vessels Graph cuts

U-net  DTMRI

7 MIC : segmentation, detection ;. Fibers

Valmet
Year Title Authors Cites
1998 Multiscale vessel enhancement filtering AF Frangi, WJ Niessen, KL Vincken... 2685
2000 Image registration by maximization of combined mutual information and gradient information JPW Pluim, JBA Maintz, MA Viergever 886
1998 The correlation ratio as a new similarity measure for multimodal image registration A Roche, G Malandain, X Pennec, N Ayache 646
I 2015 U-net: Convolutional networks for biomedical imaEe seEmentation 0 Ronneberger, P Fischer, T Brox 501
2001 A generic framework for non-rigid reﬁistration based on non-uniform multi-level free-form deformations JA Schnabel, D Rueckert, M Quist, JM Blackall... 405
2013 Mitosis detection in breast cancer histology images with deep neural networks DC Ciresan, A Giusti, LM Gambardella... 404
WMmeroving 3D object segmentation G Gerig, M Jomier, M Chakos 335
1998 Augmented reality visualization for laparoscopic surgery H Fuchs, MA Livingston, R Raskar, K Keller... 333
2007 Non-parametric diffeomorphic image registration with the demons algorithm T Vercauteren, X Pennec, A Perchant... 332
I 2000 Interactive organ segmentanon usmg graph cuts Y Boykov, MP Jolly 282
2000 Block matching: A general framework to improve robustness of rigid registration of medical images S Ourselin, A Roche, S Prima, N Ayache 274
2008 Symmetric log-domain diffeomorphic registration: A demons-based approach T Vercauteren, X Pennec, A Perchant... 273
2006 Diffeomorphic registration using B-splines D Rueckert, P Aljabar, RA Heckemann... 259
2006 A log-euclidean framework for statistics on diffeomorphisms V Arsigny, O Commowick, X Pennec... 259
1999 MR compatibility of mechatronic devices: design criteria K Chinzei, R Kikinis, FA Jolesz 243
1999 An integrated visualization system for surgical planning and guidance using image fusion and intervention: DT Gering, A Nabavi, R Kikinis, WEL Grimson... | 241
1999 Understanding the “demon's algorithm”: 3D non-rigid registration by gradient descent X Pennec, P Cachier, N Ayache 236
2000 MR comeatible surgical assist robot: System integration and preliminary feasibility study K Chinzei, N Hata, FA Jolesz, R Kikinis 232
2008 Rician noise removal by non-local means filtering for low signal-to-noise ratio MRI: applications to DT-MRI N Wiest-Daesslé, S Prima, P Coupé... 218
m A Brun, H Knutsson, HJ Park, ME Shenton... 213
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20 top-cited papers .

B-splines
_ _ CR Demons
9 MIC : registration Block-  Log-demons

matching  Statistics

Year Title Authors Cites
1998 Multiscale vessel enhancement filtering AF Frangi, WJ Niessen, KL Vincken... 2685
2000 Image registration by maximization of combined mutual information and gradient information JPW Pluim, JBA Maintz, MA Viergever 886
1998 The correlation ratio as a new similarity measure for multimodal image registration A Roche, G Malandain, X Pennec, N Ayache 646
2015 U-net: Convolutional networks for biomedical image segmentation o 0 Ronneberger, P Fischer, T Brox 501

| 2001 A generic framework for non-rigid registration based on non-uniform multi-level free-form deformations JA Schnabel, D Rueckert, M Quist, JM Blackall..] 405
2013 Mitosis detection in breast cancer histology images with deep neural networks DC Ciresan, A Giusti, LM Gambardella... 404
2001 Valmet: A new validation tool for assessing and improving 3D object segmentation G Gerig, M Jomier, M Chakos 335
1998 Augmented reallty visualization for laparoscopic surgery H Fuchs, MA Livingston, R Raskar, K Keller... 333

Im\ parametric dlffeomorphlc image registration with the demons algorithm T Vercauteren, X P-ennec, A Perchant... 332
2000 Interactive organ segmentatmn usmg Eraph cuts Y Boykov, MP Jolly 282
2000 Block matching: A Eeneral framework to imErove robustness of rigid registration of medical images S Ourselin, A Roche, S Prima, N Ayache 274
2008 Sxmmetric Iog-domain diffeomorehic registration: A demons-based approach T Vercauteren, X Pennec, A Perchant... 273
2006 Diffeomorphic registration using B-splines D Rueckert, P Aljabar, RA Heckemann... 259
2006 A log-euclidean framework for statistics on diffeomorphisms V Arsigny, 0 Commowick, X Pennec... 259
1999 MR compatibility of mechatronic devices: design criteria K Chinzei, R Kikinis, FA Jolesz 243
1999 An integrated visualization system for surgical planning and guidance using image fusion and intervention: DT Gering, A Nabavi, R Kikinis, WEL Grimson... | 241
1999 Understanding the “demon's algorithm”: 3D non-rigid registration by gradient descent X Pennec-, P Cachier, N Ayache 236||
2000 MR compatible surgical assist robot: System integration and preliminary feasibility study K Chinzei, N Hata, FA Jolesz, R Kikinis 232
2008 Rician noise removal by non-local means filtering for low signal-to-noise ratio MRI: applications to DT-MRI N Wiest-Daesslé, S Prima, P Coupé... 218
2004 Clustering fiber traces using normalized cuts A Brun, H Knutsson, HJ Park, ME Shenton... 213
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20 top-cited papers

4 CAl : AR, robotics, planning, visualization...

Year Title Authors Cites
1998 Multiscale vessel enhancement filtering AF Frangi, WJ Niessen, KL Vincken... 2685
2000 Image registration by maximization of combined mutual information and gradient information JPW Pluim, JBA Maintz, MA Viergever 886
1998 The correlation ratio as a new similarity measure for multimodal image registration A Roche, G Malandain, X Pennec, N Ayache 646
2015 U-net: Convolutional networks for biomedical image segmentation O Ronneberger, P Fischer, T Brox 501
2001 A generic framework for non-rigid registration based on non-uniform multi-level free-form deformations JA Schnabel, D Rueckert, M Quist, JM Blackall.. 405
2013 Mitosis detectlon in breast cancer hlstology |mages W|th deep neural networks DC C|re§an A Glustl LM Gambardella... 404

007 Non-parametric diffeomorphic image registration wi e demons algorithm Vercauteren, X Pennec, A Perchant...
2000 Interactive organ segmentation using graph cuts Y Boykov, MP Jolly 282
2000 Block matching: A general framework to improve robustness of rigid registration of medical images S Ourselin, A Roche, S Prima, N Ayache 274
2008 Symmetric log-domain diffeomorphic registration: A demons-based approach T Vercauteren, X Pennec, A Perchant... 273
2006 lefeomorphlc reglstratlon using B- spllnes D Rueckert P AIJabar, RA Heckemann... 259
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2000 MR compatible surgical assist robot: System integration and preliminary feasibility stud

2008 Rician noise removal by non-local means filtering for low signal-to-noise ratio MRI: applications to DT-MRI N Wiest-Daesslé, S Prima, P Coupé... 218
2004 Clustering fiber traces using normalized cuts A Brun, H Knutsson, HJ Park, ME Shenton... 213
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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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A. Frangi 2016
MedlIA 20" anniversary

free access

MIC: computer-assisted
medical imaging
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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!

Sotiras et al. IEEE TMI 2013, Viergever et al + Schnabel et al., MedlIA, 20t anniversary, 2016
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The MICCAI Revolution

- Medical images are much more than
their intensities

- Images + medical knowledge + devices
+ models + algorithms

Personalized e-Patient
Precision e-Medicine

CAD, CAP, CAI
y 4
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Personalized e-Patient
For e-Medicine

prognosis

diagnosis

Anatomy evolution

Informatics -
O % Mathematics 3
> S Medicine .
S < Biology » ——  planning
§ Physics =
S Chemistry 8 \
Physiology simulation
control
therapy

personalization

N. Ayache Medical Imaging Informatics: Towards a Personalized Computational Patient IMIA Yearbook of Medical Informatics 2016.
V4
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Surgery Room of the Future

Pre-op Computational models Planning & Simulation Intra-op
images of the patient Virtual Reality imaging

Robotized Augmented
Therapy Reality
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A Hierarchy of Models

e-Patient e-Physiology . hiaty

4. Cardiology

e-Anato my Chemistry

3. Oncology
Physics
2. Endo-microscopy Biology
Semantics
1. Brain Atrophy
~ Statistics A|gorith ms

Geometry

N. Ayache. From Medical Images to Digital Patients, College de France, 2016.
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Op(x,t)
ot
¢(x,0) =

1. Brain Atrophy 2 groups

AB1-42- AB1-42+

) Dlﬁaomorphlsm

SR |
N ol

Log Jacobian

Lorenzi-Ayache-Pennec et al. MICCAI 2011+2012+2013 Log Jacobian
Khanal et al. , MICCAI 2014 (Simul@trophy) + MICCAI Challenge 2012 Statistigs on manifolds
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2. Endomicroscopy

Esophagus Colon New Image

# Cellvizio'

70um

distance
.. 80um

20um

@ Pathology: Purely Benign
Semantic features: Round

crypts, Medium lumen,

Mauna Kea Technologies, Paris

B André, Vercauteren, Wallace, Buchner, Ayache MICCAI 2010, 2011; Normal Goblet Cells

Savoire et al. MICCAI 2012; Kohandani Tafreshi, et al. MICCAI 2014; Mahé, et al. WCCAI 2015
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A Hierarchy of Models

e-Patient e-Physiology . hiaty

4. Cardiology

e-Anato my Chemistry

3. Oncology
" Physics

2. Endo-microscopy Biology

, Semantics
1. Brain atrophy

Statistics Algorlth ms

Geometry

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

Nicholas Ayache Important MICCAI contributions ﬁ ,z i i ¥
MICCAI 2017 of the past 20 years A —



3 - B ral n Tu m O rS Standard dosimetry

Mass. General Hospital, Boston

Migration + proliferation GTV :60 Gy - T1Gd + 2cm

P é CTV 46 Gy - T2Flair + 1.5cm
c > Tumoral cell
ot V'(DVC)+ e (1 B C) density Optimized dosimetry
Fisher-Kolmogorov >
Radiotherapy
min model
d Z .
1€T s
: 1 .
subject to — Z d; <|dP—> Maximal dose
Nt -
€T \

Konukoglu, Clatz, et al., MICCAI 2006, MICCAI 2007; Geremia, Menze, Criminisi, et al., MICCAI 2012;
Lé, Delingette, ...,Unkelbach, Ayache. MICCAI 2015; Menze et al. MICCAI BRATS 2012 - 2017
V 4
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3 L - T Siemens Pringeton
Thermoablation " Ive r u m O rS IJH%]gStrgggok:;;

Vascular systems Inria

Intra-operative

Zeego acquisition

Pre-op Per-op
Biophysical model: blood flow, heat transfer, necrosis
‘ PDEs: Navier-Stokes, porous media, reaction—diffusion-advection

Necrosis

Pard

Parenchymes - m probe

Time: Time: 0 (min) W portal vein : Dead cells appear in red

C Audigier, T Mansi, H Delingette, Michael Choti, Ali Kamen, L. Soler... D Comaniciu, N Ayache
MICCAI 2013 + MICCAI WS 2014 P
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4 ) Card |Ology Siemens, Philips, GE

Heart Flow, Arterys,
InHeart, etc.

Electrical Mechanical Haemodynamics

SIEMENS

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
P 4
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5. Behavior

Patient’s motion Surgeon’s activity

©DO©@ CAMMA SurgFlow-Live - Live Surgery

ipping and cutting

nd cuttiny
(4) Gallbladder dissection

Multiple Sclerosis Control

-
«l

(5) Gallbladder packaging

(6) Cleaning and c

‘Rocearch BRLGESHUNSERVINY Z2=-c2
3|| Universitétsspital | |. Aksamentov, A.P. Twinanda, D. Mutter, J. Marescaux,
21~ | Basel NOVARTIS

N. Padoy, MICCAI 2017
P. Kontschieder, A. Criminisi et al.,
MICCAI 2014
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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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A Virtuous Triangle

Multidisciplinary
Academlc Informatics, Mathematics

Research Medicine, Biology
Physics, Chemistry,

etc.

Clinical Industrial
Partners Partners
Zia—>



Medical Image Analysis Journal
20" Anniversary

special issue 2016
free access

- 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
www.journals.elsevier.com/medical- |mage anaIyS|s

‘ Workflow A
modelling ~

Personalised s Computer :, 2,
anatomical fw. -assisted SRS

l Machme
| Interfades Q§ linstrumentation

targets & i surgical “’ﬁt 1"
library planning

informatics g4”mathematic
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Asclepios Team

kembaert ¥

iade. X. Pennec .
L . .\, MmSermesant
L #
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