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Construction and Application of VTE Real — time Early Warning Platform Based on Multi — machine Learning Method TANG
Tao, CAO Lei, CAO Li, LIU Qiang, First Affiliated Hospital of Nanchang University, Nanchang 330006, China

( Abstract)

The paper introduces the research progress of risk assessment tools for Venous Thromboembolism ( VTE) ,

expounds the

construction method of the real — time early warning platform for VTE, and points out that this platform has important clinical significance

and social value for reducing the incidence and mortality of VTE and improving the quality of life of patients.

( Keywords )
1 5|8
1.1 MixE=

# Jk Ifl 4 JE 9% ( Venous Thromboembolism,
VIE) ZFREH IO ML PO, B m R R
FOET- A RIS R R MRS, B
AR VTE JET- /9 E G BE NSE T 10% 5 1 HLAE

(fEEIHH) 2022 -07 -01

(&) Wik, Wit, TR, RFLCS R WE
TE# . &1, #¥%.

(EE£WE) ITHEESFLITRIESIE T — 1t

FTCLAS Sl 5 I 9 ELIK Y B 5 BB IR R S 7R
JERI” (T H 4 20203ABCO3B02) .

- 66 -

Venous Thromboembolism ( VTE) ; multi — machine learning; early warning platform; early prevention and early treatment

finss 37 ¥ 4% B+ (Intensive Care Unit, ICU) f 3.
ki 7 £ 8 R IS B R, VTE BB 2R3 1]
W 27.0% . 21.7% F1 4.0% Y. 16 ®k % H R,
VTE #A0 A —FP s W, 76— 30 LA SE B A 34tk
RIS, BEN VTE B G ABERM 1.7% 7%,
B VTE XUFS 2 3 fin 45 ~ 60 K, ZWiit5E 45
B E N ABEEBRF ARG H VIE ZA BT R
P07 NBEIC 22 5T R ARG W], VTE AL
FEE AR AR T R, BN E R BT AR F AL
2,

1.2 BX#HR

[ 20 ti20 90 4EARHT, [E Ak B T
FASE VIE XU PEAG TR, B FE RN 4z
BA Caprini PEAl B 2% . Autar TEfE =32 . Wells ¥



EFERFRE 2022 FH43 B0 4

il

JOURNAL OF MEDICAL INFORMATICS 2022, Vol. 43,No. 10

flig £, iR g€ FEAUFERMERTE. FAR®,
UL . 29 S 2 Y IEAL, DS VTE &
o XU 0 R R R T R T T A R W )
B, $REsemt ot . SR BEE VIE % 4/ fg
TEBIG KA L KB 224 BT 42 AT I A PR
TR BRAR VTE X A: i 45 5 48 5% 5% i 1) 22
FERTHEL . SR H ATXT VTE B B W7 o 3k A5
(¥ Caprini %2 470y, BE45 TAEZ I & EMA
%, R2IRi2 S8 VIE TR K i 2 ) 85, ff
5 VTE BH TAERERS . #E 7, JH v sl o o ok
AT

1.3 HRHE

ASCANTE I I BP Mz p 4 BEBLARAR . 4R
et MHLA Tk, BAaMERYE —
Wb BBt VIE I s & 27 il , —Jr Xy VIE
AR N R AT IZ 0 0, H i VIE fERe &R
VRN AR s J3—Trinis & VIE SE iEF 5,
XHBRE K VIE KBS 5 Gt AT S A, 5 BB 2
Y ARG 2 A AT R A HL, Al B i R AR 412
WEAL, R I SR B PR A 10, DT B K BR B A
VIE SRl A R . AT H IR R I T 2l
T T VIE SE B S8 A, A Bl IR
B VTE B RGE, XX T REAR VIE Ko R MsE
ToR L f R AR i T EL A E G I PR SO
2.

2 WH5FHE
2.1 HxRXZ

FEHL 2016 4F4) % 2021 4F 6 J B B K= 56—t
JEEEREIL 2 068 f5i] VTE {E: Bt i A 1 s 297 i,
G EAEMIE O, RN . KA, FARK
BLLORRIRZSY) . BRAES S S ST

2.2 MRF*

2.2.1 W EFME @SN KT RKE
Wik, X VTE fGf R BT o128 i e, K e
HNBAEFEA N OL . BRSO . Rk A T

AREH . FTIRZS Y 5 A RS bR, fER N R
T RERS H2 8 2 J5 T e N R A2 9 O B B ROR,,
[l Bty v AR M B I R IR iz i it &%
e

2.2.2 BAHZFEEZHE WELRHERZELRU
FI VIE B SR SR, T REGE. Qb6
JI5R AR s BP A28 ) 28 T B HL AR MRS TR X S it
BT A28, 0 A b R A i RRAE 4
b, GiA E— A R B A R e VTE f&
B R RGP A R, — /& BP M4, HATIE
DGR EEPELE P A, W 1, Hopoxg x,
X, FR BP MRS, v1 v s o Y, BN
THOM G 0, w0, F1 w0y, 23 50 2R S 48 2 22 8] 1Y) i 4%
BUERE M, B AT 3R VIE 45 fa f R 2 i AUE
yiEl i

MHIAZRRETZ, A

h(j) =0'j»(iwtjxi),j=l,2,...,l (1)
X, o, (2) NEREEMEITHTEERE M
ZH 2T DL IR

I
y(k) = zwjkhnk =1,2,...,m (2)

E1 BP #ZM%EH

BP 22 (W) 2% 1] 3 1o A1 1 %47 0 1) 5t A AL
i, XAy HEAT RN GR A, TR 2 1 i
DUAIFE R P SRR M,y 0 i) 0 A I A i )
PEREAT PP AL, — J2 B HL #k Ak ( Random Forests,
REF) o —7hM I 22 BR R SRR b R AR 2 47 D11 5 S0
or2ede, BAUERE R, P S0, [
TERG IR RRARIN, AT AR AL A2 B o B T A, W
K20 BEATTREINEN T XA R W, it
MR R R 22, L0 errOOBL 5 BEHLXS 48 SN dE
FEARHE X AR T4, PRI AR AN B iR
75, LM errO0B2; RXFRM B A N BRI, THEFr

- 67 -



EFERFRE 2022 FH43 B0 4

JOURNAL OF MEDICAL INFORMATICS 2022, Vol. 43,No. 10

fit X (Y ZNE, iL WY (errOOB2 - erOOBL) /N,
FOMAMEFS TH5 errO0B2 T}, WAL dis E A
KM SE T K, U IZ AR AL X TR AR (9 T 25 2R 32
MARR, FHEEZRR R . RN #L
APl ) LB T A 5 Dy — 1 B Y o e A AR
B, Ui AR, M2 ook F L s T —
g, DLIA 3,

VIR R
(MARER) '

RSN

THI 57
NMEZTS

PSR 7

o v
HLERD e

FERAN
e

RISy
At

B B
[

B2 RELARMREIZE

IR
SR

I HAMABER) .
) feEilg: | IR

200 REAR) [ SE B
oy g@% BRI

GIMAFER)

(CEeEplIER

S 2] 24 LEAMAKEA)

B3 &mMFIREREY

2.3 TaEE

V-4 K A OracleXE %545 %, 3E T JavaScript 1
B MW/ g5 A% (Browser/Server, B/S) ik i
Frocm WU G, W0 1 B e 9 M 2R v LR
UER G B 2t

3 #XR
3.1 MEHRBFZIRRES Caprini o ERITLL

3.1.1 RAEREMN B BERIILANA 1 000 I ik
B AL, AR BRIARAR . IEA AR5 A R AL )
IR 308 TURFAEAZ i (UmEBPE R s o R K
B BMRRHS . RITTA "R EAHEEBES), 1t
FEAEZS ]I R T 22 i Caprini P73 K 10 20 R0,
I H AT ARIB A FRFIE R A 45, JE R R A 4
THiEERL o

- 68 -

3.1.2 FmAEA A B N BP B R4
BEHLARAR . SRy~ S bl S Bk g — & m
m] VTE /i N T2 GE ( Artificial Intelligence, AI) X,
R I AR R, K v VTE G £ #9280 Ay
St

3.1.3 Caprini iFoEXRMath  Zabx 300 £
PR g R UE, B R0 80% , Rl
84% , IETALGPE e RO, W LIAE T o) i
RIARANIE, WS RE, Wk 1, Frf AL
SRR T it VTE XU PP o SR SR 52 8 1 L
W R R AR AP AR, B B A S A S B VTE X
R AT R

&1 Caprini {5RES Al REIEREXTLL (%)

FERINT Caprini i 3 N L gk sy
R 57 80
RS 13 84




EFERFRE 2022 FH43 B0 4

JOURNAL OF MEDICAL INFORMATICS 2022, Vol. 43,No. 10

3.2 BRITFSIEBEREBTERLL

3.2.1 EABRMEHENMRT, B TFLRE
AT RENEECL T EA AT T3
I, HosLEs AshEr + ATH TR gl
5 NLFhEoxt bR LA TE B shPForE 55 rh i
R . A RS N TP 24, FERE I IR

A, RIEFETHEAE TSR, Wak2,

R2 RGENMAEIFEITSERT

TH N FH I NS
k3 300 300
A NTFhHS YLk AshpEs + ATH
WHHE (%) 97 96. 25
A% (%) 81.29 84
FERT 20. 1 434k 5.2 4340, HhHLEFERNT 1 R

3.2.2 AbxtRRR ABESY TR R B E R

VTE £ REFEF- G KA T VTE XU A Bl
B 1 it S TR, T) S it B 3 9 X
o I XRS5 e R 3 R B AN T B F o 32, R dE
OYRNE SRR A 5 b i XU F A 1) SR 3 DA 2
Yy 15 K 2 0 T BT B A LA TR A T, A 1 IR
TR, k3,

&3 MRFEMESSHERXTLL

i H Jo7 FF i ol
R B 100 100
B e 72 88
WEER (%) 72 88
4 L5
AT AR Jrik, AL 5 4F VIE &

HUTRLIPEAE, X VTE (7 7E AL B 2R 21 TR
A0, HE AL T JavaScript i 5 K& B/S ZRAY AT
VTE LR -5 8, RE LA TR, £
AEARMER R ETR T, B 3PP 808 KI5,
X IR AR 190 07 6 e S i % W S 4R T SR T

BV EBAEARE, BT VIE B g, Bl
GRARBR AR, BIREM ARSI, BE
% VIE 5297 B A Wa | ABRIYIZER, A7 M
PRI E TS N AT B0 AR T S 0 . TR A S
BT LR S R AR A R SR BT &
TE 2417 HAR AR AP e AR )5, N —25
R BN 9 B AR B e v, A B B 45 N R iE AT
VTE %95 AT K297 TAE. [RIBS Bl o B2
UK AR 5, SHZIE PRI R R AR

HERAPEIE TP, FrE e B A MY R IR R 2
525 18] o

Sk

1 Raskob G. Thrombosis: A Major Contributor to Global Dis-
ease Burden [J]. Thrombosis Research, 2014, 111 (5):
843 - 852.

2 Rathbun S. The Surgeon General’ s Call to Action to Prevent
Deep Vein Thrombosis and Pulmonary Embolism [J]. Cir-
culation, 2009, 119 (15). 480 —482.

3 Benjamin. Heart Disease and Stroke Statistics — 2017 Up-
date: a Report from the American Heart Association [J].
Circulation, 2017, 135 (10) . e646.

4 Monn M F, Haut E R, Lau B D, et al. Is Venous Thrombo-
embolism in Colorectal Surgery Patients Preventable or Inevi-
table? One Institution’ s Experience [J]. Journal of the A-
merican College of Surgeons, 2013, 216 (3) . 395 -401.

5 Wallaert J B, Martino R R D, Marsicovetere P S, et al. Ve-
nous Thromboembolism after Surgery for Inflammatory Bowel
Disease: Are There Modifiable Risk Factors? Data from ACS
NSQIP [J]. Diseases of the Colon & Rectum, 2012, 55
(11) . 1138 —1144.

6 Comerota A J. Commentary. A Clinical Outcome — based Pro-
spective Study on Venous Thromboembolism after Cancer Sur-
gery: the @ RISTOS Project [J]. Perspectives in Vascular
Surgery & Endovascular Therapy, 2006, 18 (4). 343.

7 Yeo D X W, Junnarkar S, Balasubramaniam S, et al. Inci-
dence of Venous Thromboembolism and Its Pharmacological
Prophylaxis in Asian General Surgery Patients: a Systematic
Review [J]. World Journal of Surgery, 2015, 39 (1):
150 - 157.

(RHeE 75 11)

- 69 -



EFEES G 2022 FEFE43 HE10 5 JOURNAL OF MEDICAL INFORMATICS 2022, Vol. 43,No. 10
EERigE ), EE ST of Oral and Maxillofacial Radiology Executive Opinion State-
ment on Teleradiology [J]. Oral Surgery Oral Medicine Oral

Edep Pathology and Oral Radiology, 2016, 122 (4). 509 -510.

1 B, TR . DRHURR w2 [M]. dbst. A 10  Pachéco — Pereira C, Diogenes A, Moore W, et al. Trends
RTA W Ak, 2020. in Oral and Maxillofacial Radiology Career: a Survey [J].

2 FYR, TR, R, A CAmA. Lok st Oral Surgery Oral Medicine Oral Pathology and Oral Radiolo-
e TR B R 5 W27 0 R B 5 18 % (0], g7, 2021, 132 (3): el13 -ell4.
ﬁ@?ﬁﬂﬂ:‘, 2021, 37 (1): 4 11 Harvey S. CBCT Scans: Teleradiology Services [ J].

3. WIE, WK, L DR RS 2 o B Y X A British Dental Journal, 2018, 225 (8). 684 —685.

D TA (5 EOF & o (], [ B e 12 Tyndall D A, Price ] B, Tetradis S, et al. Position State-
2019, 14 (9): 77 -79. ment of the American Academy of Oral and Maxillofacial Ra-

4 BHEl, fTIEE . ZTFE, & SRS G diology on Selection Criteria for the Use of Radiology in
BB (1], thEYRLEESL L 2020, 12 (19): 3 Dental Implantology with Emphasis on Cone Beam Computed

5 OMTbR, BT, PES, % MRS RES T A Tomography [J]. Oral Surgery Oral Medicine Oral Patholo-
Eb T SR [T, EE2{E A deak, 2020, 41 gy and Oral Radiology, 2012, 113 (6). 817 —826.

(5): 58 -61. 13 Simon L, Friedland B. Interstate Practice of Dental Telera-

6 ZEE . THM. BT . T AR A e e ) diology in the United States; the Effect of Licensing Require-
Fots (1. TPEBERASHE, 2020, 40 (6): 104 —105. ments on Oral and Maxillofacial Radiologists’ Practice Pat-

7 OESCHE . mRESFNE R R RERT ()], B terns [ J]. Telemedicine Journal and E — Health, 2015,
B2edeit 2017, 38 (4). 11-15, 23. 22 (6): 541 -545.

8 Tucas P, Crd B, Mlod A, et al. Dental Teleradiology: a Pow- 14 Oscandar F, Lita Y A, Pramanik F. The Application of Tel-
erful Strategy to Overcome the Tmpact of COVID — 19 [J]. eradiology in Dentomaxillofacial Radiology [J]. Journal of
Academic Radiology, 2020, 27 (10).: 1492 — 1493, Dentomaxillofacial Science, 2016, 1 (1): 79

9  Yang J, Angelopoulos C, Mallya S, et al. American Academy

( 256 69 51)

8 Alsubaie H, Leggett C, Lambert P, et al. Diagnosis of VTE sis & Haemostasis, 2013, 11 (sl): 111 —121.
Postdischarge for Major Abdominal and Pelvic Oncologic Sur- 11 Gauthier K, Sabri E, Kahn S R, et al. Family History of
gery: Implications for a Change in Practice [J]. Canadian Venous Thromboembolism ( VTE) and the Risk of VTE Re-
Journal of Surgery, 2018, 25 (6): 1640 —1645. currence in Patients with a First Urprovoked VTE: a Mulii-

9 Al Rawahi B, Le Gal, Grégoire, Auer R, et al. A Survey of center Prospective Cohort Study [J]. Blood, 2011, 118
Thrombosis Experts Evaluating Practices and Opinions Re- (21): 2299.
garding Venous Thromboprophylaxis in Patients Post Major 12 Lobastov K, Borsuk D, Fokin A, et al. Caprini Score in
Abdominal Surgery [ J]. Thrombosis Journal, 2017, 15 Venous Surgery: First Results from an Ongoing Registry
(1): 2 Study [J]. Journal of Vascular Surgery Venous and Lym-

10 Morange P E, Trgout D A. Current Knowledge on the Genet- phatic Disorders, 2021, 9 (2): 550 -551.

ics of Incident Venous Thrombosis [ J]. Journal of Thrombo-

<75 -



