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Artificial Intelligence in Medicine

"To the question, will AI replace radiologists, I 
say the answer is noÉÓ 

ÒThey should stop training radiologists now.Ó
Geoffrey Hinton (godfather of deep learning) in 2017

ÒÉ but radiologists who do AI will replace 
radiologists who donÕt."
Curtis Langlotz in 2017



Bridging imaging and genomics data:
UK Biobank
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UK Biobank: Imaging 
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Automated Quality Control

!"##$%&'!"#$%&(')*"#%&%+,-".*/'
01"2&34'5$%3#$2'6$#'5"#/&"7'89'

:;"+*.('<7&'9*=('>?@A

�Š�–�–�’�•�ã�����†�‘�‹�ä�‘�”�‰���w�v�ä�w�v�y�~���•�z�w�{�•�~�æ�v�x�v�æ�{�~�x�w�x�æ�x



Deep learning for image segmentation
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¥ Fully connected networks (Long et al., 2015)
¥ Manual annotations of 4,872 subjects (QMUL/Oxford) with 93,128 

pixelwise annotated 2D images slices
¥ Divided into training/validation/test: 3,972/300/600

Deep learning for image segmentation



Deep learning for image segmentation 

SA, basal SA, mid-ventricular SA, apical

LA, 2 chamber LA, 4 chamber =(" $'*()>/*?8@A*BCDE



(a) Absolute di ! erence

Auto vs Man O1 vs O2 O2 vs O3 O3 vs O1
(n = 600) (n = 50) (n = 50) (n = 50)

LVEDV (mL) 6.1 ± 5.3 6.1± 4.4 8.8± 4.8 4.8± 3.1

LVESV (mL) 5.3 ± 4.9 4.1± 4.2 6.7± 4.2 7.1± 3.8

LVM (gram) 6.9 ± 5.5 4.2± 3.2 6.6± 4.9 6.5± 4.8

RVEDV (mL) 8.5 ± 7.1 11.1± 7.2 6.2± 4.6 8.7± 5.8

RVESV (mL) 7.2 ± 6.8 15.6± 7.8 6.6± 5.5 11.7± 6.9

(b) Relative di ! erence

Auto vs Man O1 vs O2 O2 vs O3 O3 vs O1
(n = 600) (n = 50) (n = 50) (n = 50)

LVEDV (%) 4.1 ± 3.5 4.2± 3.1 6.3± 3.3 3.4± 2.2

LVESV (%) 9.5± 9.5 6.8± 7.5 12.5± 8.5 11.7± 5.1

LVM (%) 8.3 ± 7.6 4.4± 3.3 6.0± 3.7 6.7± 4.6

RVEDV (%) 5.6 ± 4.6 8.0± 5.0 4.2± 3.1 5.7± 3.6

RVESV (%) 11.8± 12.2 30.6± 15.5 10.9± 8.3 16.9± 9.2

Evaluation of segmentation accuracy
Comparison to expert observers
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Deep learning for image segmentation
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Biomechanics-informed myocardial motion tracking 

!"#$%&'%$()*+#*(,-&.,+"/0#*(,-

!"#$%&'!((!"!)#*!+,&
"%#(-*%.%#(!/)%&+*#0(.1*"#+!10( *%$-)#*!(#+!10

("11+20%((
!03%*+!/!)!+,
31)-"%&4*%(%*3#+!10

!"#$%#&'()* +,-#./0-12345

!"#$%&'$#($)'*"+,$),&-($+(-)./+&/)"'$
#)/0$&112)%&/)"'3.1(%)*)%$4)",(%0&')%&2$

1+)"+$5'"#2(6-(7



Biomechanics-informed myocardial motion tracking 
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Cardiac motion tracking and motion analysis using
image registration
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Automated Quality Control 
for Image Segmentation



AI-enabled UKBB cardiac image analysis pipeline
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AI-enabled UKBB cardiac image analysis pipeline: 
Image derived phenotypes (IDPs)

Women (n = 13,969) Men (n = 12,924)

Left ventricle
LV end-diastolic volume (mL) 129.5 (22.5) 168.8 (32.1)
LV end-systolic volume (mL) 50.5 (12.6) 71.5 (19.4)
LV stroke volume (mL) 79.0 (14.4) 97.3 (19.3)
LV ejection fraction (%) 61.1 (5.6) 57.8 (6.1)
LV cardiac output (L/min) 5.0 (1.1) 5.9 (1.3)
LV myocardial mass (g) 70.9 (12.2) 102.9 (18.3)
LV wall thickness (mm) 5.2 (0.5) 6.2 (0.7)
Global peak strainEcc (%) -23.3 (3.1) -21.1 (3.3)
Global peak strainErr (%) 47.4 (7.9) 42.2 (7.8)
Global peak strainEll (%) -19.1 (2.7) -17.8 (2.6)

Right ventricle
RV end-diastolic volume (mL) 134.2 (24.3) 181.3 (33.3)
RV end-systolic volume (mL) 54.9 (13.4) 81.4 (19.4)
RV stroke volume (mL) 79.3 (15.1) 99.9 (20.0)
RV ejection fraction (%) 59.3 (5.7) 55.2 (5.9)

Left atrium
LA maximal volume (mL) 67.6 (19.2) 78.7 (25.8)
LA minimal volume (mL) 26.5 (12.0) 32.4 (17.9)
LA stroke volume (mL) 41.1 (10.1) 46.3 (12.7)
LA ejection fraction (%) 61.9 (8.6) 60.5 (9.7)

Right atrium

Right atrium
RA maximal volume (mL) 75.2 (19.5) 97.8 (29.8)
RA minimal volume (mL) 38.1 (12.5) 54.7 (20.8)
RA stroke volume (mL) 37.1 (11.1) 43.1 (14.4)
RA ejection fraction (%) 49.5 (8.8) 44.6 (9.0)

Ascending aorta
AAo maximal area (mm2) 775.9 (156.0) 925.3 (189.5)
AAo minimal area (mm2) 703.3 (155.1) 841.8 (185.9)
AAo distensibility (10! 3 mmHg! 1) 1.9 (1.5) 1.9 (1.2)

Descending aorta
DAo maximal area (mm2) 421.4 (71.0) 529.5 (91.6)
DAo minimal area (mm2) 368.3 (68.3) 468.2 (87.3)
DAo distensibility (10! 3 mmHg! 1) 2.5 (1.7) 2.5 (1.4)

Women (n = 13,969) Men (n = 12,924)

Left ventricle
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Associations of selected IDPs with sex and age
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Associations of cardiac and aortic IDPs with 
common diseases

(a) Odds ratios. (b) P-values.
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Phenome-wide association study

ARTICLES
https://doi.org/10.1038/s41591-020-1009-y
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A population-based phenome-wide association 
study of cardiac and aortic structure and function
Wenjia Bai! !1,2���R, Hideaki Suzuki2,3,4, Jian Huang! !5,6, Catherine Francis7, Shuo Wang! !1,  
Giacomo Tarroni8,9, Florian Guitton! !1, Nay Aung10, Kenneth Fung! !10, Steffen E. Petersen! !10,  
Stefan K. Piechnik11, Stefan Neubauer11, Evangelos Evangelou5,12, Abbas Dehghan5,6, 
Declan P. OÕRegan! !13, Martin R. Wilkins! !7, Yike Guo1, Paul M. Matthews2,6,14 and Daniel Rueckert! !8,14
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Data visualisation

¥ Website (https://heartvis.doc.ic.ac.uk/) for 
interactive exploration and visualisation of
Ðcardiac and aortic IDPs
Ðcorrelation to other information

https://heartvis.doc.ic.ac.uk/
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Genetic and functional insights into the fractal structure 
of the heart
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Genetic and functional insights into the 
fractal structure of the heart

Hannah V. Meyer 1,2,20 �ž�R, Timothy J. W. Dawes 3,4 ,20 , Marta Serrani 5,6 ,20 , Wenjia Bai 7,  
Pawe! Tokarczuk 3, Jiashen Cai 8,9 , Antonio de Marvao 3, Albert Henry 10,11, R. Thomas Lumbers 11,12,13,  
Jakob Gierten 14,15, Thomas Thumberger 15, Joachim Wittbrodt 15, James S. Ware3,4,16 ,  
Daniel Rueckert 7, Paul M. Matthews 17,18, Sanjay K. Prasad 4,16, Maria L. Costantino 6,21,  
Stuart A. Cook 3,4,8,19 ,21, Ewan Birney 2,21 & Declan P. OÕRegan3,21�ž�R
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Genetic and functional insights into the fractal structure 
of the heart

Fractal dimension
1.0 1.2 1.4

125.6 125.8 126
Position on chromosome 8 (Mb)

S
lic

e

Meta

1

2

3

4

5

6

7

8

9

1

2

3

4

5

6

7

8

9

b

Basal Mid Apical

TM2D1

TNNT2

ARHGEF2

TTN

MTSS1PDZRN3

MECOM

GOSR2

ZNF358

TIMP3
HAND1

PSORS1C1

PLN

DEFB136
TBX3

SIPA1L1

0

2

4

6

8

10

a c

5

10

15

20

25

Ð
log

10
(P

)

Ð
log

10
(P

)

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15
16

17
18

19
20

21
22

Chromosomes d

0.8

r2

0.6
0.4
0.2

rs35006907

!  MTSS1

NDUFB9
    "

ZNF572
        "

SQLE
        "

LINC00964
                    "

KIAA0196
!

Article

Genetic and functional insights into the 
fractal structure of the heart

Hannah V. Meyer 1,2,20 �ž�R, Timothy J. W. Dawes 3,4 ,20 , Marta Serrani 5,6 ,20 , Wenjia Bai 7,  
Pawe! Tokarczuk 3, Jiashen Cai 8,9 , Antonio de Marvao 3, Albert Henry 10,11, R. Thomas Lumbers 11,12,13,  
Jakob Gierten 14,15, Thomas Thumberger 15, Joachim Wittbrodt 15, James S. Ware3,4,16 ,  
Daniel Rueckert 7, Paul M. Matthews 17,18, Sanjay K. Prasad 4,16, Maria L. Costantino 6,21,  
Stuart A. Cook 3,4,8,19 ,21, Ewan Birney 2,21 & Declan P. OÕRegan3,21�ž�R

https://doi.org/10.1038/s41586-020-2635-8

Received: 1 March 2019

Accepted: 21 May 2020

Published online: 19 August 2020

�R



=$))5*$'*()>*H('7%$*@(-<"&$*2&'$))"1$&-$*BCDJ

AI for decision support: 
Survival prediction
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Deep learning for decision support: 
Survival prediction



Challenges
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WhatÕs next?

The revolution will 
not be supervised
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