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Cross-language Bilayer Knowledge Graph with Large-scale Medical Facts
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Abstract: Benefiting from the rapid development of information technology and the widespread adoption of medical information systems,
a vast amount of medical knowledge has been accumulated in medical databases, including patient clinical treatment events and medical
expert consensus. It is crucial to extract knowledge from these medical facts and effectively manage and utilize them, which can advance
the automation and intelligence of diagnosis and treatment. Knowledge graphs, as a novel knowledge representation tool, can effectively
mine and organize information from abundant medical facts and have received extensive attention in the medical field. However, existing
medical knowledge graphs often suffer from limitations such as small scale, numerous restrictions, poor scalability, and so on, leading to a
limited ability to express knowledge from medical facts. To address these issues, this proposes a bilayer medical knowledge graph

architecture and employs information extraction techniques on both English patient clinical treatment events and Chinese medical expert
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consensus to construct a billion-scale medical knowledge graph that is cross-lingual, multimodal, dynamically updated, and highly scalable,
aiming to provide more accurate, intelligent medical services.

Key words: medical fact; medical knowledge graph; bilayer knowledge representation; information extraction; knowledge fusion
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e Horh | UKB 5 49 B3 b (0 92998 9244 1 1CD 10 2 ST 1R 20 B, 11 28 4 25 B8 T, 4 ST i 1 ) 42 55 =X
“ A[A = Z]2[0 = 91(31\.[0 — 91\ s(x) VA I HH4 9 SCHEIR A'E g ST 4] 2 08 SO AR Dy 5 S SAR R BY AT Hr26 B 5 5
KRB R MG SCR, 3T =I04 (h,r,t), WIR r R AALEER, B nT DUPIRT R 25007 SR, AR SO i s R
PR H HR SO S I HR SOBRIR SEARSE & Dy, FIR, R SCIG T SO SR A TR AR A5 8 BERT Translation
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FHVE S, IR R b OB ARAE R AL bR B diseaseStd ¥ H AT RIESRIEAL, 55 JF IR DL SCHI S B S
(Nlorigins Nlians) MINTHEESLARTER AT P 1. ARG, X TR WIRE— D ST entyans , AR 747 R 1) Jaccard
HEACAZ D PR R 77 25388 1 vh OB S AR SR BB R T 0.85 R SRS I H ok, 5 Bk Hh ST SR 4., IR # b 0 45
I3 5 PR R ST, 5 S SO SEAR ent g FAFSOHTHE A SEAAKT, T RT3, e 28 SEBIL T LS00 1 P A e S
B RHETE R R A

R ORI R P

UKB i IR
Q cholera due to vibrio /Q_I{,,-—ﬂ\
e o cholerae v ( )
rd ICD ¥ o e o
st i = ;caﬁ;% = e
. k- cholera due to vibrio "/ i

I‘\ O cholerae eltor

. ___‘(
o _
I

@ Hii=JuH
S-S SR 5 — (cholera due to vibrio cholerae, aligns,
LI EERL)
*ﬁ%gﬁ ﬁ (cholera due to vibrio cholerae eltor,
a rh ST Sk aligns, $2 /R FEEE BLAN A B0 L)

. N sk

' ’ = " | ‘b
0 7 FAL I

K5 B S AR A

B 1. s an R B A

N FLCIAREE E,, , H U E
it FEC-ARSCSEA TR Pgas.-

HIAAE: Den = 0, D = ) Praany = {1 Patgns < 1)
TRAE IE N RIE RN E,,, FIEBUSARIIN D,
FRAE LR A E,, RIEELSEARAIN D, o
for entygin € D.,, do

entyus < BERTTranslation(ent i) 5

eNtyyns — diseaseStd (entyqs) ;

K (entoigin, €Ntigans) TETIINN Py H;

end for

o T R e

for (enloﬁgin»entlrans) mn Ptrans dO

10.  Deyngigae < 1}

11. for ent,, in D, do

12. if Jaccard(ent,,, enty,,) > 0.85 then

13. ¥ ent,, F13F M) Jaccard score NN Deangigae s
14. end if

15.  end for
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16. M Deandiane THEIL Jaccard score B ISR entyy o 1 (entosigin, ent ) TN Poigns 115
17. end for

e 3 82 P 3 £ S A DRI R VR it 45 AR R 5 SR 3 49 i R ST 7 R BEAT M AR B, AR AR
FESE S BRI T AR ERE G THE B, 3% 1 fos, HIGE Bk 2 Pros. v UAE Y, JOCseid : ZAamEE . K
T~ ZAEGEE, b, B R IOCRREE A% O SEAKRR, SEIEHN . ZYITEN SRS 2 SR IEIL 2 T
PGSR A, o0 T ZAREAN . R A SRR R Seik, 5ICRIRIEIE AR, B 3CRR B DR
ARG, BB HAERRE FRELAAME.

® 1 EES MBS ST

Byt it =
bR MU 502409
PHINEE 17261282

KA 8219

Har =l 805065729

®2 EEEMIRERERAE B

EH FME B
'@ XN %99 (constipation. glaucoma®¥). Zj#J (ibuprofen. paracetamol$). £ . EE%%
PRES A Wi 2. IRIIIE . BRI ()55
b3 Sk f;’@ﬁj (%Eﬁ'éﬂfk\ EIWB%%)\ E?}(EEH{Q\ MATBERTAE) AT (‘E%?Lﬁﬁ\‘miﬁﬁﬁ%)\ Gty
GERIAHI R SIERERNS), &Y (BE. ER%). 1T (FEBT. MNRTH)%

TSR WA JFk R ETTE AL ZARal. EEAY. SRR, BT RS

3 LWEERS

3.1 AZHEN

N T B AIEUZ R B A AT 2k, AR SCBETE T AN 2 S, SEIG A R4 B 1 AN A S SR
P ) 25 3 0 FR 24 0, el T 2 B G M B IR R, AR SR I SO {5 BAE A B H R E; 26 2 R
SCH 15 PR AR e S A P G A B A 0 P 2R O, E DSOS B R A T, N o S R R 5 R R A
15 BANAS, MR SRR, A SO0 AT B bR 2 R R 5 I aspirin (BT =] UTAR) 2547, J&— > 3 28 . A5
EHCT B PR AFIFAPERE A & 500 A, 744 B8 FFAE R R A multi-hot M= &, YIZE 2 2 B AL (multi-layer
perceptron, MLP) % tH £ 3 ¥ I 25 TRIAE, JF 5 FSEARZE AT LLA, 13 3110 e 45 sk 3 Fiw.

F 3 FHZHEME R

HBHEREL AUROC AUPRC Fl1 Accuracy
BTN 0.9433 0.9599 0.8916 0.8800
ST+ SCRER 0.9488 0.9676 0.9041 0.9067

FH 45 S 0] 0, 5 AN FH S0 9] B RS AR L, U2 B AE 4 SR PR AR 7RI, IX 2 IR S — 5 2 R
TG ¥ A THI J Bt S5 38 TR {8 B A% 00, T8 R 78 R SO B R 1 P 3l 5 25 W R R B V) BB R RE AR (ki =)
25), AT LASE AT R HE I A 5 00 FH 25 O, el LR BGHIE T U S B sk
32 EBREERETE

N T IR AIE ST = R AADCIC S B A R, AR S SOUZ R P e 7 B v S ST SE AR K B IE A R BEAT TR
. MRIE 7 DA 202 (World Health Organization, WHO) $24L[1) ICD10 4wl 5 5 SCH % 15 B 9% & (https://
icd.who.int/browse10/2019/en) [ FKEI7 IR [ R 2 AL ICD10 iS5 H SO ST R E R (https://nhsa.gov.cn/
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jbzd/public/dataWesterSearch.html) , 4% SCAZ R 1 H B SCBIBRT T BIARAEER ¥ = (O, ¥} - SRJG, ST A SC AR
HR RS SCBRI T (d ), AR E d TE Y AR R SO, RS @ SEAUUREL, WHIE (i, d,) TR, 150
RSO B EE, R BRI IX 5 BN 446 NSEARNTHELT T YRAN, &40, EMRILE] 78.3%.

GO HIT, T B 43 o 5 SR K A7 A R A 14 iR R 3 B SO SE AR 4 AN, BT A SR I K R gy
PR SCAS AT S A R 1 7 2 B mP ST 98 S, e DA BRI JiR 8 R B0 075 SEAR 75 & ICD 10 BII i 44 T, 4
L 1 5.

33 ETHAGZENELEEERETE

AR GG R B R RN D7 v BT AL P R (S R TR AT VR A AT, 5 RS B 2 R 2
FBERE, A SCERTOCEIRE R 5 1000 M EH MR (B, 12W, B%) =04, ] TransE 8155 B4
PR R, SRS, A SCK BB RN MWL 1) — 4R 23 18] R, 00 58 5T aspirin 252000 IR A1 0. sk 3.1 5 RTid,
PR R — AN AR R &5 B SRR T LR, AR B AUROC=0.8984. AUPRC=0.8988. F1=0.7304.
Accuracy=0.7933 FISZIG4E R, IEH T AREE R B EEREAA RS E.

4 AR

AR Neodj T HSLBLESIE 7 AR B FI AT AL B IR, Neodj A& — N HHERER) NoSQL B HR FE, ek 45
FALEHE L s SRR MR AR 20 B b, FoAr T AR e sk, B RER SR X R, WH I Lk BB L.
AT P R AT ARG AL, P AT DA B Y SEAR RN SRS B 2 BT 55 Bk Neodj #2441 T Cypher )G F, B2
— Pl () AT 7 B S R T B A OO, AT DA A S A Y A A
4.1 BIEEFIREEE

ARILLA eid 1000724 (1 535 i, f 3 FE FS IR 25 70 1, DA BA 0 iR s o M YRR i, T 6 BT,
ALVEH, ZEE BA 8§ MEWHE R 5 MHZIEE, His s 845t SO B R e, BAATT &, B Bk
LTI 4 glaucoma T aligns ¢ FR 4 51 7 S E BHR B 500 < F IR b, < OGRS S T T i%
PERIER . RAEEAGIT R EHEYASEZEYEE R, Wil w2 H IR 7 B RER, A H
WZSE I B HTZE). FAh, B RS T H e H 1 B R B AR, T LR e AR e P R A 3K
ISR, NIZEHRIGR LT IR 4L 525 & AR,

Ko s anit B s v
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42 SREEERT

AR S F ) SR B L SCAS RN 2 B S MBS B, 1 DCM A& I B # 2 18 . XML &0 %, A&
5 LA ST 491 B o (1 R YT A 1012980 IR T, FI 2415 B DA B IR G5 B 9B AT 2 S o, il 7 B
A LURIL, BFH S ZRe W, 2R BUR SL R HE, e Wi 2515 B USCAR T 7 i, B (E Bi8 it URL
AT VT A . B4R, 8% I8 Abdominal MRI 3% &5 Pancreas image i mi A3, M ik 457 &, v LS 3%
FT R URL 5 R, #EMEd URL 15 80T BAYs ) B2 22524 @il Bl oR 3 B, AR SO 1 B 7 SR g vl DL
AR R B 2B WHE R, B A AT ARG, A B T (5 R,

image <id>:2657350 name: Pancreas image url: http://172.18.116.37:8081/app/1012980_20260_0_0.png
K7 ZEESRER

4.3 FIREEESEMERR

AR S B P R P ) - S S G LA I T S A, P A 20 D A A [R) I 220 ) A ) e A
SPARTIINAG 2. T RN TR R I R Zh A SR A, AT LARE TS A 1000074 45, 38 H R i 1 B ) & PR AEL, 43
A AR [FI (A BB 5L, W1 20062010 4 B (8] B f B7 (1 25 4 5 F) A “MATCH (h:patient)-[r:Vitamin_D]->
(t:fact) WHERE h.value=1000074" and r.time=2006—2010 RETURN t”. #11[&| 8 fili 7%, 7] LA H!, 7E 20062010 ERF
BB, S X 4EtE 3R D ISP NN 23.8 pg, )5 3 MET BN 2.49 pg. 2.08 pg. 4.03 png. 4EEE
D & —FhE R RATAEY, HAMRIAXT 85, BERISIIER, BEEE 3 AR IN4EAE SR D AR, X
A B BB )RR, b3 S4B 2 B, T (R AE S P DA B 5 A B UM, A RR S SR A ol I O, I e
FOO S AR SRAE DL A T W AR

2006-2010 2012-2013

K8 BRSNS
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2014-2019 2019+

80.88

B8 BRI 2 S SE AN BT (45)

5 FRSRRNIME

ARSI T — PSR B2 y7 FiR B 2, J i 1 06 A S 12T A A SR AR R - S ST 7
Hrab B2, SIS B M E M e B8R, g — M EES . 2EES. S EHET RIRERE. BART &, A0
56 I UKB 55355 51 B4 vh et R S AR SRR 5G 2R 4R, oxo B2 2 s S R 0 AT AR ) g B 22 sl = e 2, 5 B SO 91
AR R AR 30 T TR 2 ST 1) S B 7 VR AN i T A B 0 0% AR A T VR AS B b SO R R R
BETAE 51 F AR AL G A 77 VA SEBL T S (A S AN AR & . A SCE I I 2 S . B8 R He B B VAl R (3
15 SR PRI AE T BT As) g U2 I (G R, IFFIH Neodj B Fe X iR RS BEAT T Al ML R, BAIE 1 1%
P LA SO REHE . i A T i) R RIS 27 S S iR R Ik

JREEW I AR H A S8 3 ANT7 R IT. — B B B B AT 51N, B2 5 T AN W S, R R R AT X L
A FREE 130 A ST HLA, B S R ST NI FRE T B AR, SEBUAN IR B ) S SR AR . R BIR
TBIE S 2 B AL A UL R 2R A VL T, £ 12 Wi 12 vh 75 B2 055 1] 8 SIORAR Ll R 12 W S8, RREIRRE TS =
S PR A UE R IR B, SRS 5 R PG PR e (1 50 Bl A5 DAk, 8 56 R 13 1 17 31 SR ER T3
SIS M. =R AR AR QIR A H AT T BERT SR8 SEPL AP SCE BRI, B 5 R AL AR K A
R J, BATTARAAY R B A FA 7 5 R PR ofe s I B v o - 4 R TR il
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