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Optimized Topic Model for Clinical Pathway Mining

XU Xiao, JIN Tao, WANG Jian-Min

(School of Software, Tsinghua University, Beijing 100084, China)

Abstract: In healthcare domain, the care process is critical for the care quality. Clinical pathway (CP), which integrates a lot of medical
knowledge, is a tool for standardizing the care process. However, most of existing CPs are designed by experts with limited experience
and data, and consequently they are always static and non-adaptive for implementation. According to authors’ previous work, topic-based
CP mining is an effective approach which can discover the process model from clinical data. The various clinical activities are
summarized into several topics by latent dirichlet allocation (LDA), and each clinical day in the patient trace is converted to a topic
distribution. A CP model can be derived by applying process mining method on the topic-based sequences. However, LDA ignores the
similarity between clinical days, which means that in some cases, two similar days may be assigned quite different topic distributions.
This paper proposes an optimized topic model for clinical topic discovering by incorporating the similarity constraint, which is based on
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the domain knowledge. Experiments on real data demonstrate that this new approach can discover quality topics which are useful for
topic-based CP mining.
Key words: clinical pathway mining; topic model; process mining
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Fig.1 National clinical pathway of intracerebral hemorrhage released by Ministry of Health of China (partial)
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Fig.2 Core process of our approach
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2 Fa&FIR

21 BEEXEX
AN D R IR A M e L
EX 187 Esh(clinical activity)). —/M2ITIEEN L KA TEREAN R S — AR 2y d 2 b &/
HICS YT i BN A FRIMAR & Bk 1297 T H (clinical item).
E X 2(3277 H(clinical day)). — M2y HIe & — MR ANEIE— R E WA LI SR 2y HN
T BIAN I3 I TR .
E X 3(fF A BE (patient trace)). — i A H & #1297 H R .
22 BEEXEX
LDA 2 55 I 32 BB 22— m] DA K & 3 vh R IR 1 32 L LDA & ST s i SO v A A48 1) A it
T P AN T B 0 SORS - T A T - 3R A AE FRATT TR T AR B BA R 2T B RS T R Bl 43
SFRY T LDA AR SCRY R A T N, AN T e I B B = R A A 2T IR, AW A iR TR A B S il LR 1 2F
TR AR (R OGS R LR 1),
1. A4 Dirichlet Jt36 44, A2 B A A X -2 97 T H 43 A ~Dir(B).k=1,2,....K;
2. XNTHEdig¥rH,d=1.2,..D:
a) M4 Dirichlet &5 4> 4ii, /£ 297 H - 853 4ii 0~Dir(e);
by  XTEE d gy Has i M2y iEa,i=1,2,... Ng:
i ARHESYT H-FE AT AR E R 24~Multi(6y);
iR -2 T BUH 23 A AT iR B 8y ~ Multi(g,, ).

Table 1 Meanings of the notations
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FEH T — A B K AL 12 (EM) SIS R S B0 IX — H A5,
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BT 3RATT A% L H A, g A0 A ) R E b R O A5 PR (1) T B IE Y & 1 P(AZ| o, B);(2) H T AL
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PR 23 INBCRE A T 1 AT LS8 R 3 1 s DAL H b ok 4
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Zf:ﬁé” =1), R IRAT% &K H Aw ek B 4 o AR RO DB EM BEEAT Sk AT T AR HE IE S 20 A 1
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/'(A)=log(P(A.Z| 2, 8)+log(P(Z|NO,1)) - 7" . dis(6,..6,,) }
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SR AR AT LB R A H xR 2 (A IR 9T - E A A5 6.
33 BT
Y5 PS-LDA THHEARRNH127 H -85 A 0, 84718 F SCHR[3] 7 e FR 428 4 S 1 A7 55 1 32 L0 1 R i
PRI A 3E. F 250 4 D IR.
(1) HEHE O PR EOE 2 A1 v 1 32 AR & (BN T AUAR 28, 49 Tt (1, 2)) V6 S 297 H IR, FH DA SR A 26 1
BARSYT 1530, 3 bR 2 b 1) 3 % ISR A B 7 HE 2.
(2) A TARM T2 8 bR R BEAT 5 FF B A, 1 40, 2 R (1,2,5,3) IR AT, WA 4 9 A (1,2,5), 45 (1,2,5) 3 SR AR A3, D)
DL 4, B 30 300 A b 2 v FA, B o — A — 0 SR AR A0 ) SR W ) AT A O v ) R
B, PR 5297 H A SR 5.
(3) N H B e T 87 51 5 , B B 7 51 v B4 B 5 400 LR 0 B R BL 55 08 A i R O 8 HE LI
HH IR 2= AR 2 04T FE 43,30 10 7 104(1,2)3(3):(3); (B) 1K % A {(1,2);(3)}: 5 1 A 24 AN v 471 v Hh T 1)
A FEIRBM RS T 8 RARE R, W4T 4, 51007 51{(1,2,5,3);(1);(1,2);(1,2,5,3) P 4 {(1,2,
5,3) M R 5 4 () F 46, o ok T o ] v T R R AN ) 3 AR 28 2 Tl R P B K R
(4) WA BRE BT RN EF A, Fuzzy Minert®lgE 47 858 92 Fuzzy Miner J& — it e Tt 35 i
(significance) F1CHE B (correlation) 1 ddh R 42 4 5092, 06T s e s | R &5 M4k 19 H AR £ B AT B 142
PR, e 15 2] T B 110 o FE AR AR,
&% 1. PS-LDA(priority similarity latent dirichlet allocation).
D A2y HI S &, 3 8 H KBS 8 BB iy, Gibbs SRFFEACEL nGS; ¥ 55 T~ Bk A% nGD;
EM & HL nEM.
i il -2 WUH UE 6297 H - T80 A 6.
BENLHI UL Z A,

9)

L

1

2. i<«1;

3. while i<nEM do

4. E %

5 M 22 3 (6) RAEAFH] Z(nGS IKIEAR);
6 M AU BE:

7 j<1;

8 while j<nGD do
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9. BB SR

10. for k=1to K do

11. for d=1to D do

12. A+« AW (i) + & a;;f;) ;
13. jeij+1;

14, i«i+l;

15. ML 2 () F1(8) 3 )t 5 g A1 6FF- 3R [l ;
4 TIEITAH

AT IRATH — R AV IR0 5 AT VP4
41 KWRE

TATALE ok B b 2 i N BB 56 140 V9 A (1 W 2t T 500 1 A 500 B Wi 2l TOUBOHR 2 e 5 s {8 FH ) R 9T
5 R AGECE, %5 b %5 g S Bt A, 9 AL i T 0 R B 08 R G AH G, B0 ] S 5 v AR o RN B B L8
27 0B % 2 B 4%, R e 2l 00 E5 0 o 1 5 PR 145 4% 42 4 BB 7 2 2400 {1, A 2 B K Bk k. AT T % 1 W AN 2
A 8 N7 B4 955 A 43 591k J L AL (intra. cerebral hemorrhage, fi#% ICH)FI I B Y90 (inguinal hernia, fi#% 1H), 74> &
T RPN RN AN W AR 2 B4 T BB AEAR R W G - e BA A S S Bk B A N S %8=0.5,
AFALI H BIE sim=0.75, #1412 7 H B 2 B {E 7=10, F5 /N3 Fl 1) 32 L K 23000 8 il 5.3 g — AN V 4
i) s sim R ol 3k SR H — AN AR AR, B = 27 SN 0 B HH SR 1) (O T B () m AT AL 10 2 T AR B AT VP Ak AR 47
VP 25 SRO0T 3 P A 0 (L AT R A 70 5 1 o R FH 1 2 SRR [3] v ) A SR Mgt , 12 5K s E BB 1) Perplexity
B R AT R P (R A B ) 2 (AT T P4l

Table 2 Statistics of our datasets

F2 Mgt

i TN H S A 2T H A ST I H A T AE B H I MEBEH IR A BE H
ICH 240 3204 752 14 2 34
IH 33 241 447 6 2 10

42 EEERIERE
BAT 3 AT L T PS-LDA 1 LDA e — 8% . B R A AE L 00 & B2 6 T A 5 8L 3RATT
FR 4 8- 1297 I H 547 gRE I T HEFE R [ 11297 W00 H (top item) /5 k1% 32 ) /R, 4R )5 180 B= AL 2 T top item
XA AT B AR (R 3 B4 T 4> UK top 10 1297 TH).
Table 3 Top items of partial topics

Rz 3 o EB top item

I i i ICH & B i 1H

FRiE™ (6) Zity (8) H By HL (1) ABekhr 2 TR
1 PG M T L ) 2 (ECG) A ]
2 e mE 1 e A i 2 AL L M=
3 Ak i ik i v i ik R 1. 1fn 4 AT i
4 4/ % B6 eI K I 2% MR AR
5 YerE % C B i K A R JEH X Zeiie JUZEHE R T
6 1A R ik 7 ) 12 il 84 ECG A b
7 ol p fhgit 8 22 % e JE e R T 48 AR
8 A3 R LA S JRAS FAA
9 DAL ) kA R E AR | R SRS R e 1 30
10 KA [EESIRE AR W

bR H BE AR AR top item POk 22 B0 T A

© P EBEEG T

http:// Www. jos. org. cn



3302 Journal of Software 234k \Vol.29, No.11, November 2018

ICH ¥ 8 AN FRUIF M ARTE R (1) Akt (2) BEyTs18:(3~5) ALK E;(6) 294:;(7) w5544, (8)
g kA

IH (1) 5 AN TR0 bR (1) NGk (2) A2 (3) AR R A, (4) T-R;(5) A4 .
421 —HUE

XA — SR R AN EEHE Y top words 2 AT A 80, o8 T B A R
BALEIT Yot B IRAT RS R Y top items A& 75 # B 28 [RIFE 11297 H AR R TT.

o EMEVHAY

PAVEW T ICH 259 18 % PS-LDA(# 3 5 2 41) 55 LDA(K 4)45 RukAT 7 X L. v LUE H, 78 LDA
R E#Y top item AR 4 =3l E I A 222 T IUH T PS-LDA 2 E /UK top
item 4 FEAR & WA LT WUH L Ah LDA KI5 A 52 [T ICH I AE 254, 374697 ICH I
W20 PS-LDA Hh (it S e H U R 72 ICH T i B A 254

Table 4 Drug-Related topic of ICH discovered by LDA
R4 ICH Hdli4E+h LDA KILKI 254 1 /8
2l | A B U I BRI SR K LA B R = 300 B B AN B R T IR

o EEIFAN
FATE kAN P A e SR AT s A T3 A R AR S 6 AR K top 20 items HEATHT 40 (2 4
AR A I, 2 A AH 0 3 S ANAHOK), AR i ik TS HL A o 5 0 BT AN Bdis 2 N 4T 40 19 Kappa {17331 4
0.73 F10.77(#85 0.7 Al HA e — HOA AT ). 3 A TR A NKQM@n (NDCG @n (3™ JEE) 1 g — S0 1) 1 B
fobs, A E I8 TR item FrfG 0 IEH BT item 76 18 R IHRPAR B H S A X F:
zn score(M, ;)
1 &~ og(j+1
NKQM @n :Kkz:l—zg“ )
Forp K R My A2 5 10 M50 0 PS-LDA A1 LDA) A i =78 k RIS j NM297 3 H ,n A& top item [
B KN Zo IH—A6R 7.3 5 JEoR T AN AVEAEAN T top item BB T BOCRXS T, W3R S AT LA H PS-LDA
TEAA n NS T S UF 1 —BUE 45

Table 5 Topic coherence in terms of NKQM@n
F5 FH—FE NKQM@n

(10)

n

i 05k NKQM@5 NKQM@10 NKQM@20
ICH LDA 0.817 9 0.790 7 0.786 1
PS-LDA 0.832 6 0.853 8 0.819 9
H LDA 0.786 0 0.787 4 0.757 4
PS-LDA 0.821 8 0.819 5 0.800 3

422 B

AN ) Ho At 32 RS AR A BT 3 5 BRATT3E SR I — T B e b 2 B 5 P T 6 P AR 1) 2 T R R R A A
IL top item ORI RN ITE B 27 TUH A0, “SkE CT X T+ ICH J&fx H A2 Wik 4% A 75 LDA [ Jit
A E W top 10 item H1,BEH RERS KL IZ I H .

h e, FRATTAR R ] 2K Tk 2 A R PR B A R AH DG I I PR 48 1, P10 28 T T D ZRURHERE 297 T H T
IR H FATBEE N 10 43, M HEAE T H 58k 5 43 Bk 100 P Fh 7 72T 43 top item BEATHT 43, LU fE S 45 R 1
T 6 T BEHR O AT SR P O VAT B IR (R SRR P, ] 5% R A B A4 N i e %) I D S
= W 9% 531 ) A AR 2l TP 1R 22 AN T E AT RESK BV B — AN B g T 481 1 i e G 9 O R AT I B
SRt N AE 11 TSR I H (1 TN E 7 TS IE . 1IN E 1 I HIV e A 1 TR 7 R A
SE) AT AR T B RS 00 7 5 AR, T AR R 2 L R B N T I H (U R 6 R T IR — R R B
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o R TR ZAARAL 6 16 RIEARATIR

PR, AN AL ZEAN ] 14 top item AR, PS-LDA AHXS - LDA i H A7 5 4 1) 7 5 2
Table 6 Topic coverage in terms of Score@n
F 6 T Score@n Siit
Joi ik

Score@10""" Score@20 Score@30
ICH LDA 0.57 0.83 0.86
PS-LDA 0.64 0.94 0.98
IH LDA 0.53 0.85 0.93
PS-LDA 0.55 0.84 0.95

@n F7REL topic n AN YY I H HEAT 78 5 score 5

4.2.3  AHALE £ S0 AL

3303

T I b, T A R T R R 2T I H 20 A KR T AN S AN R 2 R 5 A AR
PELYAEFHABLZ ST H R ot )AL IR 3K LG v A AS T L 02 Tl f W itk s (B 2 5(7) B 5 — 18 40)
R BESEARIE Lo L & 3 R 1 AEAN AL AR IE 249 SROBCRE | QI (Bl ) 1, A ol 5 92 PR B e v MR T B

T, PS-LDA 75 £ 5385 /2 5 77 THI G i LDA.
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Fig.3 Statistics of similarity constraint conformity in terms of Euclidean distance
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T3 TR T P AN R K42 3 45 2R

o XITICH MR BARKBAY, AT LUK L0 0 3 A BB Be Ak . 2iiifyy . Ha X5 EE D
THZ R AT I ARAE I PR # A2 AW & AHAT — AN BON 25 1 570 /I Topic 2 BRIF s F A2 X Br i A
S0 LR AR A 15 A2 (0 23 HT 3K 1 DUAR AT e A B AR FE 2R N B K AAT i 32 A P e i e

THIDAR AR 2% B2 e 1) (b X A% 0 B2 ), IR MG 25 13X — T L0 & B b 3R,

[Topic 6]
24
> ]
[Topic 1] .| [Topic3-5] [Topic 7] [Topic 8]
UNUE oA Tl Rt et —, : 7 WO "
7'y [Topic 8,6]
\ / TR & 25 .
[Topic 2] - [Tgflc 6.1]
T 14 s
) NI for AE

Fig.4 CP model of ICH
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Fig.5 CP model of IH
BI5 I [ R A2 R Y

5 RESRE

ASCEATHG 27 HIRABLEREAE 5 N 22 AU ARY, P T 5 I v o o 5 80 A 7 W AR B A A PR i ik vy
S8 T AR ARG I AR ALK 29T LR BATHABLAE 240 5 9% T oK 20 OB R 2 (R pIE A H e el 2, oL — A d
DRI HE SR EAT AR AR AR i BT 15 485 R0 T 355 4 D 0 R8Py 91, O B el o R 42 i 5045 0 e 2% 1 i PR
IR A AR % T RBUASE PR B9 T UAR G 3t -7 ) 5 A0 e R A2 AR ADUAE 2 SRR P FR) 4 5 T 7 SR S B 25 R AR W
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