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—— Classic Neuroradiology

* Neuroradiologists interpret or "read” the acquired
images and produce a report of their findings and
Impression or diagnosis.

» Referring physician reinterprets the findings against

symptoms to obtain the final integrated diagnosis.

» Neuroradiology has a problem:
— MRI & CT increase 10-12% per year compounded
— Radiologists increase 1-3% per year

— Limited NHS funding, no increase in training rates,

escalating data complexity



Challenges of quantitative neuroradiology

» Normally small training datasets

» Very variable input data

» Accuracy is paramount

« Speed is not important (with exceptions)
» Abllity to extrapolate

* Problem specific solutions

* No ground truth

 Large unstructured data

» Ethics and clinical adoption



Big Data @ UCL

« 300.000 sessions - +2.5M Volumes

» Many images & follow-up data

« 2.5M Volumes

- 14k “different” sequences
* 15+ different scanners

* From 0.5 - 7T (mostly 1.5T and 3T)

RIS - Radiological reports

« CDR - ICD-10 codes

* Blood tests



Big Data @ UCL

What questions can we ask?
‘Epidemiology and learning disease structure
*Service optimisation:
*Workflow: Triage, Prioritisation, Recall
‘Managmment: Auditing, Bed usage, Cost-code optimisation, etc.

Surveillance/Diagnosis/Prognosis

How do we learn from an unbalanced pool of pathologies given

a largely non-overlapping set of sequences?



Parameterising Clinical Reports

.. @ senrae ey e IR T . X
foscsodlog.?
- - N o~ . '\ .‘ -
ST 8 MDAR M e e TS B NG DO Oy s r COrceamon A e -
. . i ’ AN TOY I AN T 8T T T omue i
. B VTR e W i Deriesond SeceTe ard SNy Tl
o' 'e & G B l.U_-.O’.O ‘.‘;‘.“:’.““". JU s -.’.’

SORTIARA ~ MOERA - 00N - JUERTAET ~ BATIOCEE 1133 - 20NMe Yo s P S NP0 G D) ey sty O VW) VNS 10 o

Boddintn NG S A ara TS B N0 OO eTenceTert 12

g A Pyt '-“l‘\""“""" N-a 1P BT _—e s oA adn

T ST T R D T NIAN AT E NI AN
45522325 01/12/2010 MR Hasd 4552235 017122010 MR +c MRA Carccid 4552735 01/1200018 MR+ Hasd = e e e e o SR R P

Irdhcatbon A amal perpheral Wt penetal esd. not typecel of hypeternrs bless FUndertyng bumowr or QNN ANGS N ITe PANE N0 NECI e iTagec. The CRVE

AYAASK MG OOty THhare & N0 prew OUS aging avalabis for covparacn. A sval SuSAUTe Pasrvatoma s oDy OOl S NV Ay N CorOR) i Lalr's

robed withes the et poretel subxortos’ wh be metter mith redd perdexcrel csdems ond cauning mererel SREPEY, FIPE QFUtar SUn WS 51 AP W) TS o
TS PIRCt 0N Ak A0ANE Braie BArenciamia THavrs Are 1O MISCAtad ariargad fead 1g veansls o Sraning wains SERINe IS SN T SO SR EINE TSNEIE SRR & Ee

e o a sk o AL AL o Al R Al Al a B ot A N A ,"0. cayre
LO oot under Wing pwd AVH arvd there B 0 pealthoogecel envhencerrert. Lo suooet an usserty ry £ 100 vartety o arderias are 1 vl esained tister . Sarceet
paraccrymial tumour. Thers is bacog rouns modersts sl | veassl d ssscs e th D ktersl sepratactorsl white VRN S8 ettt reconemeremd Dy sapreet Mg s OGN

olter Ny, o tiured (rfercts i the besel garsg 4 thalarrus ardd sgne’ chasge n the pora No Fesoredoiognt s Dec 3000
morsharormrtages. The CEMAA sty deronstrates irregu ity st the carctd Sfurcations bilsteraly, righn
grealer Dhan MR s weepey) avth stherorsalous fseese of ks than SO% stenoses Nosma appeerances of the
rervain ing intracranied and astracran el vamseln slroug™ the onigine of e vertebirel arterias are nct wel
v e tateraly Fasest MRl e 6.8 ek s rectrrrserdied Dy Herpreet Hpsre Coraulant Newroradsroprst
ast Dec 2010

-
SO b il o ) it ian .
Fame v re precmes mape ) eelevs W o ramp e & sberve e -
ol o) C . .'.c,l"".‘ vy e - aH e Ay Ye e !
. PIITI Y MEATDM IS s L ™SO IV LT i
Cevw wd P bty e L b LR s PREN W Vg e ¢ oo B e Jo U S8 ol LA
Sl d VTR I s e 0 re g NN T, T s
"<k - - MM T A mah e s bgreond romdeng e TMILAJ T A IATEN VR sumtwwl YEOWE W
L TT S . 1 115 . AFS INDITA O FRIV TS POV T IVRNEL Te i K
- "2 LB f)- "o;l_ WAL YR NEs Ty el e i
> » L)
¢ Heorretore Whese et : A DR T S M o s e A0 [ 4 ey vel rewen Iy T Do WRONY
e ione | 100 reves sarn’ vl powmencarwd coaain S vuph e wgra v ibhg 4 iT 8 ee e
« bafasction llwad qarg e 1 LI Sl By K M el W el O i
R PPN RN [ FYPPIN \ TR NI, — gy by S
£ e 1 119 ) S o '
- > an
T lewon Wihete maottar 1 0 P v
? Lowon i “ - roms # laseance s leman e A seten
b M ofhect i JiN P P )
] 'Oﬂlﬁﬂd M‘I} | 11 demwned ood Topged Yavwt prew Fabdene s o ewiel e brammad Le awe ] ] i ’ ] ) ] . P S—
Syl shaivably (TN 1 o 1 - T ——
"‘ aw ‘v - n ‘ ; -
2 Y » '“."' wrew chvaele | “l PRt 4 N SR ALY MMM A AN M & - ] - - P RPN o — !
12 Sl avxrralty Fy 3 P R0 20wy someln ] o & wdd sedanored LTI ] o [aen o - . . . . '
14 Soadl sl e | 310 PR H et e WININ Tavs s mamtd BT TR . et 2t : powal
s Soonands ) 200 fawdrs wasah w daren e s vomaw wwprema sl WiV et ba e n 3 LOTEAE vy s :
' M P ENIYIN A 2 ey 1) IV LT e Y .
"y M OO A e LN o8 [ | el
— e aan L YN A4 Sl " L ".ol. '.',.\'\0; L ANRA N
'.—-.t -l [ T fraw bomwameras ¥ La SN q':"".’- Foskhe V" ¥ Ssspn wn ; T vl
- ”“ l ‘l b e DNV e e mmrwaramy o e msgrrgrt e ool vy
" LR PRI T L O vy ' T ey M1 AN IAT SE E . rd)
2 bidwismveat | il AR B4 YN A D F ey Ve B8 T TV b 04T vAP b
DRLEL S AT S Pl 1 Inr s et enrwadabogw | s o9
4 ’..*”".'M" l '..' ok M DL NN “Abh » NE ST . AR LW “«Aam
S Temvow Parenthyrea | Ul
1 Temow i il

.

Loaw women



Big Data @ UCL

- Deep Autoencoding - Low dimensional (2D) projection of Rad Report vs “Ataxia”

— Reporting is consistent with regards to “appearance” and non-trivial (Cerebellum vs Sensory)
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Big Data @ UCL

« 20000 radiologically normal = 620/ Asserted Normals

» Do standard Neuro pipelines work?
— ... with this “beautiful” data
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Population Analysis

» 40000 radiologically normal
» 6207 Asserted Normals
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Age: R=0.897, RMSE=6.246 years
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Sex: 95.97% accuracy 11



Population Analysis

» 40000 radiologically normal
» 6207 Asserted Normals
* Region statistics

MRI Imaging Delineation Population Distribution

12



Machine Learning: Classification Abnormality Detection

Gaussian process (GP) - Probabilistic classification/predictions
Variational/Denoising Auto-encoders for abnormality detection

ROC curves : DAE [149, 100, 50

MRI FDG PET
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UCL TIG Translational Pathway
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Clinical Trials , ,
&N Drainminer
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Precision Medicine

Big Data
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Quantitative Neuroradiology Initiative

 Patient-specific phenotyping tools for clinical data
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— Can be low resolution (slice thick. 3/5/7mm)
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— Artefacts T e |
— Inconsistent scanning parameters v '

- 1400 different “sequences”
— Inconsistent availability of modalities
* Homogenising data acquisition across sites
— Quality Control/Assurance, data identification

- Extracted metadata is integrated into a clinical report

» Collaboration with ION & NHNN
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Translation to Clinical Usage

Healthy Early Alzheimer's Alzheimer's
Disease Disease 1¢
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Translation to Clinical Usage
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Translation to the Real World

Translation to Clinics: Neuroradiological workflow
— Deploy results into reporting platform

— Disease specific biomarkers

— Available at reporting time (HPC)
— Push to patient health care record

— Available to referring physician

— Retrievable for longitudinal analysis

 Translation to industry: BrainMiner

@8 D cnminer

— UCL spinoff

— Translate TIG/QNI beyond UCL ——— c €
crr

— SBRI award £1.1M Sonl

— Build CE marked/FDA approved software
19



Industrial / Comercial

Clinical Trials

€N Drainminer

Academic
Precision Medicine
NHNN QNI

Big Data
BRC Imaging Initiative

Questions?




