°

BIGSCITY

FFERICRPIIIERE

iHIAE @ BIGSCity




ractice ehrvendor
data health system hospitalehr '“C‘{"tl']‘f?respm

health record ehrmeaningful use stage™*
health care system information technologytechnologyheaithcare

medicare and medicaid health information glinicalphysicianssystem
ehrhealth information exchange medica electronic
providers health information technology 2 crie8mr
electronic medical records recordsigignmation
ehr incentive program
management

accountable care organizations department of health
clinical decision support health privacy and security

patienthealth care patient care

: icesimprove
tImeservulrlces p

BGSCITY

01 » HAREE

02 » ETTIZRHIEFE
IDRFAFS

A1
Al

L

03 » FFERIHAFTEEE

H. Ren, J. Wang, X. W. Zhao, and N. Wu, " RAPT: Pre-training of Time-Aware Transformer for Learning Robust
. Healthcare Representation," in Proceedings of the 27th ACM SIGKDD Conference on Knowledge Discovery & Data !

Mining (KDD’21), 2021, pp. 3503-3511.

1
1
1
1
L



(T A EHREUE

BGSCITY

« EBFEBEYL S, BFREHR (electronic health
record), EBEFLHNMARELR (RH. O
&, ErsigE)

E H R billing : clinical
data notes 3
Al
=
patient lab
|
|:11ien:lli¢al insurance
story = details 4
s ] N




(T A EHREUE

£

(stem)

=)
W

BZEREATT IR

i L Ty
| FRSi24E )
: ol

B+ M55+ FNE+ TSR

isinE )

B2 C-RAER(CRP) + MFHL

FFTO=T0 + ST + M55+ FAE + 1R

(Ea )

2023-01-19

2023-01-19

2023-01-23

2023-01-23

2023-01-24

2023-01-27

2023-01-27

2023-01-27

2023-01-30

2023-01-30

HEATE] 2023-01-27 09:41:29

SR 2ELHE
37.30mg/L | 0.00~8.00

RSEl 2023-01-27 09:59:12

\ B EimEhk |

i=teAdial 2023-01-30 08:06:54

SR 2ETE
19.70mg/L | 0.00~8.00

HReE 2023-01-30 09:36:38

RE

b

HEH
a1 BkEH
a2BkEH
pIEkER
pEkER

yEkEH

BGSCITY

ZHafdiEl 2023-01-19 08:13:50

8.5%1

15.5% 1

6.1%

7.0% 1

29~49
71~11.8
41~72

3.2~6.5

3 BT

mE

-

FFEhTi+ ETh2T0 + M5 -EHNE+

EtehdiE] 2023-01-30 10:16:01

6.3% 1

14.3% ¢

6.3%

6.3%

16.9%

2ETE
29~49
71118
41~72
3.2~65

11.1~18.8



EHREUERINT =S bk

BGSCITY

FIFHEHREUERIHE

O diagnosis @ labtest @ MEs need to IHiEE¥E MEHREUEHRASERHIZIBMREGEINE

O procedure @ medication be predicted

ME Demographics
_________ . ..O0 ..o .0 mEwR  MENER—RAKPIMERS L
________ 00 0 000 o ewe
. eee ©0 6 666
o o o o o
o & b fime REMTE BEAASBXHITARENEE

Historical visits of a patient

Ruchs TSR SIS T
i

S. Liu, X. Wang, Y. Xiang, H. Xu, H. Wang, and B. Tang, “Multi-channel fusion LSTM for medical event
. prediction using EHRS,” Journal of Biomedical Informatics, vol. 127, p. 104011, 2022.

_____________________________________________________________________________________________________________________________________________________________________



ME

EHREUERINT =S bk

BGSCITY

8dpgﬂdm : lm‘“dttn ® MEsnoed o HiEEe MEHREUEPRAGEEEIERLUEIE
_________ O .
........ 00 BT FERICRIZUEIZHR

0

Y A t: time HREEE BEASEXHTHRENE
1storl isits of a patient

R
=T




B B FERCRIEIEEE

BGSCITY

FIFHEHREUERIHEEE

IEfFEME  MEHREERA B EIRIEMFEELE

IR

AR RN RE—RRABIIERS L | B ESs

| susEesEEn |
| sRLmiPamTRRRR: |

RATEE  BEASEAETRENE

= IRZKBESEEFARPE R KBRS 7 T




FFEZRRCRPRIFFI RGNS X

BGSCITY

ISR

= AY Y ‘ A !
! RNN (-:—I‘— RNN <-:— <—r RNN <JI—:- RNN : ‘
I I I ! I !
1 |
: RNN 15 RgnN 1> ——  RNN - RNN I
7

L Lo 44 4 9 :ui )
PR TN PN U =255 |
[..1..] [..I..J

X Xy X1 X,

' F. Ma, R. Chitta, J. Zhou, Q. You, T. Sun, and J. Gao, “Dipole: Diagnosis prediction in healthcare via attention- :
' based bidirectional recurrent neural networks,” in Proceedings of the 23th ACM SIGKDD Conference on Knowledge |
\ Discovery & Data Mining (KDD’17). ACM, 2017, pp. 1903—1911. '

____________________________________________________________________________________________________________________________________________________________________



B B FERCRIEIEEE

BGSCITY

FIFHEHREUERIHEEE

IEfFEME  MEHREERA B EIRIEMFEELE

FRIgETEN |

mEwR  MENER—RAKBIMERS L

HREFS

SIS IR B
S ELRIP AT RRR I

RATEE  BEASEAETRENE

= IRZKBESEEFARPE R KBRS 7 T




BTl grRI B FERRCR
FIEFS

H. Ren, J. Wang, X. W. Zhao, and N. Wu, " RAPT: Pre-training of Time-Aware Transformer for Learning Robust

Healthcare Representation," in Proceedings of the 27th ACM SIGKDD Conference on Knowledge Discovery & Data
Mining (KDD’21), 2021, pp. 3503-3511.




Tl

SR

=

*P)—:-'

a:‘"
J‘—AJ’ =
» Ny el

sy |

o e RN

(1E58—)

B EE RN

(1E55=

o B R

(1E35=

-

=

=

TJ@L
A JJ" ﬂ']_J_n

ol
jERI—

-i—-—l )

ﬁfrljf
=
/ el E—

0 lxl‘|'_/\ i

BGSCITY

e

i1

AT || ZRHYI I 235844

= IRITEEATTIIZ

ay

V]

LUBITIX EAESSF I FRIE.

5, =L

R l«ai

2]



RBILEH

BIESCITY
AR BiEES/INE
o IVERLER NG
AR & REEE
1
1850 & Softmax — — + +
i T v
,ﬁ*ﬂ MLP

= FJIRRAN B ERTIMLH

[ R J
OO0®OO (O _ + -
- 1] A a |
DQOJ [@OQOO] Hih,  BASINsH, | |EnTE
e ] [ ‘ ] ARG E, EH, ZEET | -
FRZHRES (DIEIE D)
) T | R IRFRFIZEVET B)EPR.

w25l AL



TllZR(ESS %

(55—

2| DEESI R

= z2d°+ (1 —2z)max m—d?0 2

11 = b = SRR FHERICRAVBITURE
DA% R
o BV NE 1 S% (R IEREA
o RIS AR




TllZR(ESS %

{E5=
CEAREX T
=|lc —MLP s ||5 i
] e BEUEE30%A0R1
S| s |l - SR S IR EHE R
- EIIRIRIS TR (RIF L T0)

ot O
. IR A

M=




TllER{ESS @

5=
AEmEREBeE
= tlogG) + (1 —r)log(l—F)
S |t BEUES0%S B S

~ = Sigmoid(MLP( )) <+

SIS, BERAIATE
« EREA: AERRCE

= ﬁﬁl)\“—‘_ 5 U/_?Ezléé

Sl coe S oo S

________

.. BB . I
I I '
VliV \Y%

_________



Yt ‘g

Bk 1 RAPT IR 57:
N W {ERd R E D
wid: B SE 6, o LLK O
AZ [ B - BN S 0, 6r LI 6
BMESAERE e
A2 (3.13) 5 Pl il 240 4
AR GIPITHIE FRREEL, 50, 6 LUK 6,

=

o (FRH=NFT)
» EFTUIIEMESFERRY DL
= [EH DI P ESRI 2k
- EEAK Gas)EkE AKX G iHE Rk
10: 2 3.15)8k# AN G.17) FATERE FREFE, B8 6, 6 LUK 6

u 1% . hiﬁ? 1EE%§&J¢|%%&U§_W§§I: 11: end while

12 H e 6y Or L & tr

3

4

5: end while

6 I. ,')) - tp

7. BEHLPIEG I Z 5L 6
s- while T2 A< 27 do
9

=




= RIS

A FZE  FERRFEEON e AUETN  ARURSS R T R T

e SI14E £ /MAVT £ Al eE -

) B0 63,001 20.160 5,744 8.514 1.556 o YIGREE/BEMEEE/MIREE: 0.7/0.1/0.2
SR 427.369 137.873 38.600 57.081 19.434 e

Gy - | -- | + BIFRREIE

Rk T A 6.78 6.84 6.72 6.70 12.49

1A J\ 2z '..a’-r'['"/_;}j" lll y - ; 3 B —

FEIE OGRS 13.82 14.46 14.51 14.50 14.63 s JiErR

PRS2 2818 2823 28.21 28.20 36.96

. 9#{ESE: F1. AUC-ROC. AUC-PR
o EYF{FSS: RMSE. R2. EV

« WELHGE
- BRARYERIRE: LSTM,

Transformer

» URIRAERRIETRN 12155 EEFUN B TIRFEER R AR,
» IEIRSMEFR 12155 S EFUNBIEIRS MERTEIER,
» IHREERTN %155 SEMN&E—ENS IR,

= EFEHAFR 12155 B2 A BRIS IS MERIHRER, - BFEFRICRERIRE: RETAIN, T-
LSTM. Dipole, HiTANet



= FTizt
)| 2K

ft% - 4 i PR 175 T i)

ARIEITN F11 AUC-PR T AUC-ROC 1
LSTM 0.680 + 0.019 0.719 + 0.008 0.727 + 0.007
Transformer 0.725 + 0.022 0.794 + 0.040 0.797 = 0.030
RETAIN 0.663 + 0.043 0.732 + 0.012 0.751 +0.012
TLSTM 0.669 + 0.033 0.768 + 0.008 0.781 + 0.008
ik Dipole 0.675 + 0.041 0.739 + 0.008 0.756 + 0.006
HiTANet 0.756 + 0.013 0.823 + 0.028 0.826 + 0.020
RAPTyp 0.770 + 0.003 0.843 + 0.012 0.847 + 0.006

RAPT 0.802 + 0.007°™  0.882 + 0.006""  0.875 + 0.006""

£ 5% U e i o s T

BRAEEE TR F11 AUC-PR T AUC-ROC 1
LSTM 0.711 + 0.026 0.804 + 0.016 0.797 + 0.012
Transformer 0.711 + 0.021 0.801 £ 0.018 0.796 £ 0.015
RETAIN 0.708 + 0.018 0.800 + 0.021 0.796 + 0.015
TLSTM 0.701 + 0.029 0.807 + 0.019 0.800 + 0.016
J7i% Dipole 0.714 £ 0.025 0.805 + 0.017 0.799 +0.013
HiTANet 0.709 + 0.024 0.796 + 0.017 0.793 + 0.012
RAPTyp 0.702 + 0.025 0.806 + 0.018 0.799 + 0.015

RAPT 0.734 + 0.011°™  0.810 + 0.014™  0.803 = 0.009*"

HAYBY )RR Transformer{/i-
R TR

(=<

i

% A RUTEISRyIE
ARAEILT] RMSE | R21 EV T
LSTM 10274+ 0217  -0.002 £ 0.000  0.000 + 0.000
Transformer 7.984 + 0.233 046 +0.014 048 £0.014
RETAIN 8.489 + 0.293 0.276 + 0.016 0.277 + 0.016
TLSTM 10269 + 0217 -0.001 £ 0.001  -0.001 + 0.000
i i Dipole 8.352 + 0.231 0.296 + 0.010 0.297 + 0.010
HiTANet 7.968 + 0.225 0.48 + 0.008 0.340 + 0.008
RAPTyp 7.924 + 0.276 0.340 £ 0.014 0.341 + 0.015
RAPT 7.885 + 0.230"™  0.348 = 0.010°™  0.350 = 0.010°*
£% fi [ B T
ARHUELGD F11 AUC-PR 1 AUC-ROC 1
LSTM 0.742 + 0.022 0.871 + 0.009 0.957 + 0.004
Transformer 0.679 = (0.108 0.851 = 0.008 0.947 + 0.004
RETAIN 0.554 + 0.064 0.751 + 0.042 0.923 + 0.014
TLSTM 0.754 + 0.030 0.877 + 0.008 0.959 + 0.004
i Dipole 0.782 + 0.010 0.893 + 0.005 0.965 + 0.004
HiTANet 0.771 + 0.050 0.881 + 0.037 0.962 + 0.014
RAPTyp 0.784 + 0.115 0.903 + 0.040 0.967 + 0.014
RAPT 0.948 + 0.005™  0.976 + 0.010°""  0.994 + 0.003""

Ry Transformer

BGSCITY



BGSCITY

0.90 e : S - - ; 0.813 - e rial
B NT B NS NM O NR O RAPT 3 g B 5T E SO O NR L RAbT 0.876 / :(}; ;{)\I;)\ri\:. 0.804 /ﬂ\:{): :{I\I}]\E'\m
B B _‘ 0.874} : 0.802} .
0.87 g 0.810 Qosrl o il
10.87 . g so _\’;; 0.8F
0.84 ; B ; 0.798}
0.824 e
0.81 1. N 0.796
08t " 0.822 j . . | ‘ |
AUCROC AUC-PR 0.798"AUC-ROC AUCPR 0804 05 i 3 5 7 05 i 3 5 7
(a) HTHRFELR 7 T (OR & RS (a) AT B m CERERRTID () Tt BE m CER S ILETRID
| \1 H NsE MO ?\:RIIZI RAPT 1.00 | Ii\"l' B NS @ NM[O NR IZI RAPT 0.876 i = HiTANet 0.804 == HiTANet
100 0.874 i == RAPT | AN == RAPT
- 036 .00 ] & { ¢ 0.802 —/\
. 2 .87 e | 2 5
_— 0.95 & o
0.3} 03 = 0.568 1 Zo7s
: 0.97 Rad ] 0.796
el 0.90 0.822 1
R2 / AUC-ROC AUC-PR 0.1 0.2 0.3 0.4 0.5 0.1 0.2 03 0.4 0.5
(©) MRS BT @) fk BT () B GTIRER BT (d) $ % i) TR s 7 T )

TSHIERUE,

HRASEYS . UERR Y iRt AT || SR o F 0 =1 Fl) |2k

» BURNMESITSENR . UERE T AR /5 ARIE (L,




Ho DPA o SPA 4 APA

e

LT3 )
&35,

L)
.' -
g
-

.
g i
¥

L ]
-,
Vot
21
(a) BEEHLEIEAE (5 = —0.08)

Hao DPA o SPA o APA

e t-"m*eb «2 "
"&i’f‘ws}

3.- ':-ia;;..
=T R n "‘4'""
o 3.;"

- d ‘, >
] ¥ e vk
gl iy TV Lt
. et g

(¢) Dipole (§ = 0.12)

Has DPA o SPA o APA

e

-':'-. ‘h‘-:ff
‘1:‘{'"-’ ! “ie “
L. - TH .
.‘1-'.. .’v_ :".

Qﬁﬁ. a:- ”m'.

(e) 1A (S = 0.16)

He DPA o SPA 4 APA

-r..,__ ﬁbé\_

T LA
“..e‘i' .
L ‘:'-
o o gl
S :"- ,ﬁ;:ﬁ :- ’

by {THNNE (5 = -0.02)

Heo DPA o SPA & APA

(d) HiTANet (S = 0.11)

He DE’\ ‘:P’\ APA

%':5'-1:‘: >

-“.‘ff" . e 2
*ru --“i .
'!

"*‘*r
e

g .:, T 5',1¢

(® FUI% + 18 (5 = 030)

BENADMAE: BTFARZEER
WEZSORY|E2

HHIEED
(ExCIRSE

Dipole. HiTANet, {X£&

=P

w7 (==
=M=

Il_J\

IHRETT

EELTTERY,
. EEREAIFSIE

BAERINARUNMAR, BFERIR

EREALIRZH.

A LAX o = M EFE BR A5

221 i) 112

/)

Wi E

[=]
71N

XS AEERAYS MERF.

XIEEAEEEAYSilhouettess

VA—LAN
=73 1y

SREINENEFRIZRIL.

S RERORT E) RO Transformer:

D JLUH—E

P EEER T IZIRER RS
RDITRILAGIR, i3 Fm)l2

SRIATLIF

BGSCITY



ractice ehrvendor

data health system hospitalehr incentivereport
health record ehrmeaningful use stage™ =251

health care system information technologytechnologypeaitheare

medicare and medicaid health information glinicalphysicianssystem
ehrhealth information exchange medica electronic

providers health information technology 2 crie8mr
electronic medical records recordsiaipation
ehr incentive program - >
management

accountable care organizations d'(_epart'ment of health
clinical decision support health privacy and security

patienthealth care patient care

: icesimprove
tlmesemces p

01 » HAREE

02 » ETTIZRHIEFE
IDRFAFS

A1
Al

L

03 » FFRIFHFEES

BGSCITY



B B FERCRIEIEEE

BGSCITY

FIFHEHREUERIHEEE

IEfFEME  MEHREERA B EIRIEMFEELE

FRIgETEN |

| BEEYD

SHIBIREIELER |

mEwR  MENER—RAKBIMERS L

RATEE  BEASEAETRENE

= IRZKBESEEFARPE R KBRS 7 T

fEFACRIP &R AR 1S




(EASEsER B ERICRINNG &

BGSCITY

G UE SR ML TR {ERESE T 5 i
FEA B 48.586 20.378 B4 \
TR

ERE A KO 3.583 2.610 -~ | e
- =M |y i=pad e

fFEAE 45,003 17.768 ) Jufi?ﬁ%éLJ J;j, )

x==
RO 316.398 1.549.300 LN ZIiE ‘ )
TS I 6.51 76.03

= {5 FH B R m BN SR | 2582
= (EFH BREUEEIRE

M=

=




(B REE AV B FERICRING &

BGSCITY

= {EFHE
REJE
= {EFHE

SRR TR GS, FEREE
SHRELAR S PRI || 2R R EY

SRR

\

/
?‘ﬁl—:
N

=

\
/

\>d|::l]-:
i¢

\
/

?&F-;-t
)51'

'
e i R i



1A EIE RN BRI RN 5 A

» FIESRE RN EHREEAITRNIS

==

» EHR+EF RS

= FEHREL

/

SR A R AR OER

A, EFITAER

FRIES AR

A, XJHEFRYR B TRERE

BGSCITY



B=RERFR

» B LA M ESZIRMEE R

¢

¢

¢

P2 FHtwitter.com/YannR fRIECC BY-NC-SA 2.0 i5Fr]

IR

D3E

P4 BRE

P3EE]: EE

https.//www.jianshu.com/p/79bc325379¢3

y
. AN 4
L]

https.//news.bjd.com.cn/2022/01/12/10029356.shtml

TAKHERER

= TUE MR EIEX

BGSCITY


http://twitter.com/YannR
https://www.jianshu.com/p/79bc325379c3
https://news.bjd.com.cn/2022/01/12/10029356.shtml

eClinicalWorks Blog

eCW
3 Podcast

One Patient, One Record
SEES

ractice ehr vendor
data health system hospitalehr incentivereport
health record ehrmeaningful use stageMeanngiul
health care system information technologytechnologyheaithcare
medicare and medicaid health information dlinicalphysicianssystem
ehrhealth information exchange Medicalelectronic

providershealth information technology .=/ e ®mr
electronic medical records recordsiigation
ehr incentive program
managemer:\ttable care organizations d'epartment of health
accoul
clinical decision support health privacy and security

patienthealth care patient care

timesewices'mprﬂve

Reliability

ME

EHR b(:I:tI;g - clinical

notes

O diagnosis @ labtest & MEs need to
O procedure . medication be predicted
........ 0.0 O O
........ ©0 .0 0. 00
@ @ @ 00 o0 ¢
[ N J o o0
AL, Y

Historical visits of a patient

sensor
data

medical

scans

t: time

BGSCITY



i35

EAE @ BIGSCity

dayan@buaa.edu.cn



