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Predictive modeling and risk factors analysis for venous thromboembolism post-laparoscopic
urological surgery
Chen Song-Lin, Qu Jun, Huang Cong, Xiao Jin-Zhu

Department of Urology, Hainan Cancer Hospital, Haikou, Hainan $70100, China

[Abstract] Objective To explore the risk factors of venous thromboembolism (VTE) following laparoscopic urological
surgery and to construct a predictive model. Methods A retrospective analysis was conducted on the clinical data from 846
laparoscopic surgery patients admitted to the Urology Department of Hainan Cancer Hospital from January 2020 to January 2023.
Patients were divided into VTE group (n=64) and non-VTE group (n=782) based on postoperative VTE confirmed by imaging
examination. Univariate and multivariate logistic regression analyses were performed to identify independent risk factors for VTE
after laparoscopic urological surgery. A predictive model was developed using regression coefficients from the multivariate analysis,
and its predictive accuracy was assessed using a nomogram. Additionally, its sensitivity and specificity were evaluated through the
construction of a receiver operating characteristic (ROC) curve and a calibration curve. The clinical application of predictive model

was evaluated using a decision curve analysis. Results The incidence of VTE after laparoscopic urological surgery was 7.6%(64/864).
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Significant differences were observed between two groups in age, body mass index (BMI), hypertension, diabetes, malignant tumor,
history of abdominal surgery, previous VTE, operation time>4 h, preoperative fibrinogen levels, preoperative prothrombin time,
postoperative D-dimer (D-D) levels, Caprini score and postoperative immobilization time (P<0.0S). Increasing age, higher BMI,
history of malignancy, abdominal surgery, and previous VTE, longer operation and postoperative immobilization time, and higher
postoperative D-D levels and Caprini score were identified as independent risk factors for the development of VTE after urological
laparoscopy (P<0.05). Based on the regression coefficients between independent risk factors, a predictive model was constructed as P
=e*/(1+e*), where X=0.054xage+0.105xBMI+0.902xhistory of abdominal surgery+1.172xprevious VTE+0.787xoperation time+
1.546xmalignant tumor+0.867xpostoperative D-D+1.303xCaprini score+0.544xpostoperative immobilization time—13.888. The
model demonstrated a discriminant evaluation C-index of 0.827, and the area under the ROC curve for the combined independent
risk factors is 0.827 (95%CI 0.776-0.878), with a sensitivity of 64.1%, and specificity of 87.7%. Calibration and decision curves
indicated that high predictive accuracy and clinical application of the model. Conclusions Increasing age, higher BMI, history of

malignancy, abdominal surgery, and previous VTE, longer operation and postoperative immobilization time, and higher postoperative

D-D and Caprini score are independent risk factors for the development of VTE after urological laparoscopy.
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Tab.1 Comparison of general information between two groups

of patients after urological laparoscopic surgery
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Tab.2 Univariate and multivariate logistic regression analysis of risk factors for patients with venous thromboembolism (VTE) after

urological laparoscopic surgery
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Fig.1

Nomogram of the predictive model of venous thromboembolism (VTE) occurrence after urological laparoscopic surgery
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Fig.2 ROC curve (A), calibration curve (B), and decision curve (C) of the predictive model of venous thromboembolism (VTE)

occurrence after urological laparoscopic surgery

VTE BAMNEFF AR B E BmE I REZ —, W
JEAEBE R BB AR ISR B R 2 —B2), JT4E
e, BEE AL KRR, USEEETFAR
B K, AR R AR S IR VTE B XU bifi = 58 fip e
BEAE AT W 7R, 20%~30% 4 15 & VTE %
SRR A G, HLWR B B & A VTE /Y
TR A B A B FR 3 B 4~7 £ Alberts 20131
B, W RAMEME BE B B AR & 2B VTE R AL R
AR KA VTE W 13.5f% . ARWF5E H 846 14 Bt i &
BT I s B FARIRYY . A 64 B (7.6%) AR J5 H B
VTE, 5 Clément E {8 A & A R ILA—E . AHF
FERKRIL, AR, BMIMGE, BRAEAEAEME |
JEERTFARS . VIESG L, TARBE S AR i 2h s [a]
FEK, ARJ5 D-D 7KF-Hl Caprini PF-53- 1 1= 35 R W IR A
BHE A S VTE B fa i R 2.

AW T, RN VIEREZ —, H
VTE B % A KU 5 4 3% 1 38 K S IE M 96, 5 Musil
A USTR Heit ST A ST 25 R — 2, Musil S50 [l i p
30T 641 I T2 R R MR KB R, R I>70 % R
HH46~69% | <as % AL, KA VTE R 739
BN 32 f5 M 4.78 f5 o 3T BES AR ARG B HRAC 5
AR LRI B P U LA R I A S A 2 A TR R
HKo Heit FUVLI, T 402 LI ARE, (RS
HARWR AN 10 %, Kk PE YA 203 m 1%, H

HIETE I PE R B AR AAE S50 % . ARWFITIE KB,
BMI K 5y, WU 5 AR S5 B0 VTE (13 JRU G s o
Purdy 507 REE THERE . LA 805 A TE B2 7]
IR, KBRS TS ERA, HAEE A
YL A PLT 34 258 MR 2= 5%, AIMTBK 3l VTE XU
BYXE N . Yuan 250 % B, 7E 4332 ) VIE 5,
BMI 5 VTE f# 75 7 ) i G &, BMI i AT B
U R RURS: T2 12.49%. ML, 36483, i
BMI 75 & BIVE Bl R TR VTE & A A 80812

S s R ST % 245 VTE By B S R, T
VTE 2L R B 0T A0S — ORI, T 4f
e, — SR Bl 254 8 T IR RIS T R
BRI RO, (EA AT S BUR A RIE SN R
H 38 0 VTE 9 & A2 U Elsayed 2524 [m] B4 43
BT 603 FIHLEF NG Bh s ARG VIR AR B, B3
29 151] (4.8%) R J5 HHBL VTE, Hd 158 DVT, 14
A PE. Chan %25 109 il 52 AL 4% A Bl i 21 iR AR
BHEVIBRAR BE T 00T, KW 1841(16.9%) AR5
MDVT., SEEFERFFRAIE, ABFFX G0 B W iR
SINEHE IS ST AR B, HARAi PR A 5 — R
pgeE . AHEgT AR o, AR R VTE B &4
DXL 4 A A b 988 H8 35 155 [10.196(56/553) ws. 2.7%(8/
293)], X A BB M R AR I BER S
EP SN

BB 7 305 T A sl R0 AR I R 2 AR S5 VTE A9
Zfam R, BEAETFARMEE, MUREA



MR #7E  20254F6 H28 0 #5s0%: el

bR T REE R, ISR E R, B 4siE Al
FARMEFE RGN LA K FARBRE P ok, 18
HYAPEVIRR M 2000 Rtk 25 0, SRR
() 1) 0 s e K ML B 3 A, BRSS9
IGBEM RS, S A P R TE R, B, IR
B MR H R 7850 AL FARMERE , AT RIBIT
T, AT REIE, B SR FTHEA T AR TR
JREFERAR G VIE RS AR kI, B
VTE i 52 0 /& VTE 7 faf R &R . — 3 Meta 537
WoR, XTTERICERNY VIE B #, &3t
BHAYTIR . 1AEN VIE BFE R K 10%, S 4F
B AR R 259%2 . Weitz Ay, VTE R &
DAV 4 e ARG 32 B e TR B AR AR HA A R = . A
e, X5 T REAA VIE ik L 0 -2, I i G H e
MERE, - TS [a] N 42 (AR L 04 1 B 5536
STt

3% D-DYE M i VIE i SC i = f8hn, 2ok
V8T 21 i WK il SR LT AR R 1, T 2T 4E 2R 1 2 Il A
) EEA SN Utk FERRISTE Sh M A P
BRI D-D i 2 iR
REAEAE SR 2 BE, 20 R 0] F80Ui 2% D-D KT+
IR E R LB 25 R HEBR VTE,  DAKAE i
B 25 W i 45 AR AR, il &P g, RS D-D
>0.98 g/ml i, $57R WA JR R I ed R0 IV AL T v
R, A& VTE B9 XU B B 38 il . Alonso Martinez
SE2VRT Hochuli S5 RF SR 25 RAL R, BRI/KFY
D-D 5 itisfi ik i e 6 AHOG , SABEIR 45 R —3L
B, BT AR D-D AW, % T RS VTE (1) &
A HE A Im IR S .

Caprini P73 —Fh DAk LR 5 R 285 1 XU 1
2, RRUBHT B PR BRI HUN A J5 & 42 VTE B XU o
Frankel %A Ry, Caprini PE43 F1F AR B[R] 35 Ry HL 45
N Bl A R UT B S8 B RS VTE (kST fE R R &
H Capriniﬂzﬁ“>6 3 VR I R I B BT (e . 2Tk
BRI, Caprini P43 T VTE 19 SRR R 0R
WK M8 A DG IXURS: A 2R BN A5 3 B AR RO 4 A
KT ARG HSIE] 5 VTE (A M, ©f 2R
HEAT T AROCHRIE , BE ARG K ENAR IR B LA
Z45 . WURWERE S TS, DTN 3 F R K L 2212
[e) Bsf A e 1L Y A 8 R S T g S ot A4 TR B
Samama SIS MAG ), A TR SRS BREA
J55 VTE 0 A A0 AU Y S R, R e P s s i o RS
JNE B 7 R 0 R B ] S SO 2, AT
BADAUBR TE 5 (0 B3, ARG bk i it 5 F
TH BRI, HE T AR I 45 S8 38 R JS VTE (&
A AU

A FAETE—E R RRM:: (D)RPATAHER

J5 VTEAHICBYIG R ERE, R a] BE Y 52 0 PR 3% A7 AE ik
& ) BRI SE, AP R S £
Huls . YN RTREPE I RATFFEIESE

2k ERTiR, WRAMRHIE B AR 5 VTE 1Y & LR 3R
H7.6%, AFEISKEK, BMIBG R, BEAT A0 b
JEH T AR . VIER S, TAREFA] KA J5 i sl E]
FER:, AR5 D-D ZKFH Caprini PF-43-18 25 2 0 K AN E}
ISR AR S VIE ST fE R R . % T2 4R IRk
L, UHAEREAEF AR 5L VTE R S iR, #E
AW Caprini 743, IS HBAIAHSE &, DIER
BIEON S A NIRRT IR T30 IkAh, ZERIFAR
WIARATT #1778 AR I e MBI F AR TR,
PR A A 58 )T AR 5 R % U0 e B
D-D S48 45, TERGLR D 4 015 00T 8l R 16
B KPR FE A il shist|], AT D AR JS VTE ) &4
TEHAR GRS

(&% k]

(1] BREM, SCLL, 8 = . AU BETERA YT A TG ik
ARG T TR AT BCAY52 0 [7]. A28 B 2 445, 2024,
49(11): 1302-1310

(2]  BEEKRSE, R, W, 45 . AECOPD JF & i fi 441 FE 0 1 16
5z A1 2R 43 7 R Y50 A TR Ay 2 ], iR 2 5 2 25, 2023, 48
(9): 1069-1075

(3] XS, VESE. WIRIMEHMR R T AR AL ek
MR ZERE YT ()], BRI IR VB 2=, 2021, 26(1): 5-8.

[4] Agnelli G. Prevention of venous thromboembolism in surgical
patients[]J]. Circulation, 2004, 110(24 Suppl 1): IV4-IV12.

[S]  KhanF, Tritschler T, Kahn SR, ef al. Venous thromboembolism[J].
Lancet, 2021, 398(10294): 64-77.

(6]  SRUIE A4 B BRI P AT TE HERR ], R4 BE 2 2%
%, 2023, 48(1): 115-120

[7] PRV, O 2, 2R S I G4 AR ARG ARG IT R NI
TRER IR AR R AR DCEE 5] R 2R 0477 (7). S TR AE 2% K, 2023, 38
(7): 1184-1186

(8]  ZEWeul, sKAR G, EIRW . Ik M i W AA T 18
(36 38R 0]. H E A MR R (L TRR), 2017, 9(4): 250-257.

[9]  Yamashita Y, Morimoto T, Kimura T. Venous thromboembolism:
recent advancement and future perspective([J]. J Cardiol, 2022, 79
(1):79-89.

[10] Kekre N, Connors JM. Venous thromboembolism incidence in
hematologic malignancies([J]. Blood Rev, 2019, 33: 24-32.

[11] Khorana AA. Venous thromboembolism prevention in cancer
outpatients[J]. ] Natl Compr Canc Netw, 2013, 11(11): 1431-1438.

[12] Geerts WH, Pineo GF, Heit JA, et al. Prevention of venous
thromboembolism:  the seventh ~ACCP
antithrombotic and thrombolytic therapy[J]. Chest, 2004, 126(3
Suppl): 3385-400S.

[13] Alberts BD, Woldu S L, Weinberg AC, et al. Venous

conference  on

thromboembolism after major urologic oncology surgery: a focus
on the incidence and timing of thromboembolic events after 27,455
operations([J]. Urology, 2014, 84(4): 799-806.

[14] Clément C, Rossi P, Aissi K, et al. Incidence, risk profile and



[15]

(16]

(17]

(18]

[20]

(21]

[22]

morphological pattern of lower extremity venous thrombo-
embolism after urological cancer surgery[J]. J Urol, 2011, 186(6):
2293-2297.

Musil D, Kaletovéi M, Herman J. Venous thromboembolism -
prevalence and risk factors in chronic venous disease patients[J].
Phlebology, 2017, 32(2): 135-140.

Heit JA, Spencer FA, White RH. The epidemiology of venous
thromboembolism(J]. ] Thromb Thrombolysis, 2016, 41(1): 3-14.
Purdy JC, Shatzel JJ. The hematologic consequences of obesity[]].
Eur ] Haematol, 2021, 106(3): 306-319.

Yuan S, Bruzelius M, Xiong Y, et al. Overall and abdominal obesity
in relation to venous thromboembolism[J]. ] Thromb Haemost,
2021, 19(2): 460-469.

I, TR, BB, AF . NCON AT AR S PE R IK 1 A 4% FERE
B 646 R (2020 KR A B2 (7], H FE S5 AR 2%, 2021, 30(12):
1387-139%4.

FIAE, %55, 2508, 45 AR /N I 88 S et )T R L
Jok i AR A S 1 5 M DXL 25 93BT 7], SR AE 2 R, 2024, 22.(4): 405-
408,712.

Elsayed AS, Ozair S, Igbal U, et al. Prevalence and predictors of
venous thromboembolism after robot-assisted radical cystectomy
[J]. Urology, 2021, 149(1): 46-S3.

Chan SYS, Leung VFY, Yee CH, et al. Incidence of postoperative
deep vein thrombosis after robotic-assisted laparoscopic
prostatectomy: a prospective study in Chinese patients[J]. Int Urol
Nephrol, 2014, 46(11): 2139-2142.

Stein PD, Beemath A, Meyers FA, et al. Incidence of venous
thromboembolism in patients hospitalized with cancer[J]. Am ]
Med, 2006, 119(1): 60-68.

FM, B, 2R, AF IR (LA R HTS IR
Az AT BURI RN, 2020, 25(7): 575-584.
XU 2 PH, WR R, 45 . 52 A i 0 o 15 D B R 09 1
PRIT RS )] SRR 5 2 24, 2024, 49(9): 1018-1021.

Khan F, Rahman A, Carrier M, et al. Long term risk of symptomatic
recurrent venous thromboembolism after discontinuation of
anticoagulant  treatment  for  first

unprovoked  venous

thromboembolism event: systematic review and meta-analysis[J].

(27]

(28]

(29]

(30]

(33]

(34]

(35]

(36]

Med ] Chin PLA, Vol. 50, No. 6, June 28,2025

BM]J, 2019, 366: 14363.

Weitz JI, Prandoni P, Verhamme P. Anticoagulation for patients
with venous thromboembolism: when is extended treatment
required?(J]. TH Open, 2020, 4(4): e446-e456.

R, BbRR, SR, S BT REHLAR RS Q15 58 IR R
AR A £ 5 R 3R 43 BT (). i ZE s 2 2% A, 2023, 48(1):
78-83.

FiIbeE, ML, Foup, % BEM YT, 13 D-D. NT-proBNP
K585 H A R #H ARG DVT CR ). 4 T2 W 5367
%7k, 2022, 14(3): 495-498, S02.

Pabinger I, Riedl ]. Direct oral anticoagulants: now also for
prevention and treatment of cancer-associated  venous
thromboembolism?[J]. Hematology Am Soc Hematol Educ
Program, 2017,2017(1): 136-143.

Jiti g2 . WABRAPRHIRI AT A U A AR ZEAE (1 1 I PR 3R 23
Hr[D]. Lifg: [i2ciE KA, 2018.

Alonso Martinez JL, Anniccherico Sinchez FJ, Urbieta Echezarreta
MA, et al. Central versus peripheral pulmonary embolism: analysis
of the impact on the physiological parameters and long-term survival
[J]. N Am ] Med Sci, 2016, 8(3): 134-142.

Hochuli M, Duewell S, Frauchiger B. Quantitative d-dimer levels
and the extent of venous thromboembolism in CT angiography and
lower limb ultrasonography[J]. Vasa, 2007, 36(4): 267-274

Frankel J, Belanger M, Tortora J, et al. Caprini score and surgical
times linked to the risk for venous thromboembolism after robotic-
assisted radical prostatectomy[J]. Turk J Urol, 2020, 46(2):
108-114.

BOFE, R 1, 4 A . iR S8 VTE XU AR B A AT 5 ik
FE]. IR IR, 2021, 48(23): 1220-1224.

Engbers MJ, Karasu A, Blom JW, et al. Clinical features of venous
insufficiency and the risk of venous thrombosis in older people[]].
BrJ Haematol, 2015, 171(3): 417-423.

Samama MM, Cohen AT, Darmon JY, et al. A comparison of
enoxaparin with placebo for the prevention of venous
thromboembolism in acutely ill medical patients. Prophylaxis in

Medical Patients with Enoxaparin Study Group[J]. N Engl ] Med,
1999, 341(11): 793-800.

(U TS 227777)



