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Development and internal validation of an enhanced model for

predicting in-hospital venous thromboembolism after spine surgery
based on the postoperative Caprini score

WANG Kangtao, ALI Muhammad Kashif, PAN Baihong, OUYANG Yang

(Division of Vascular Surgery, Department of General Surgery, Xiangya Hospital, Central South University, Changsha 410008, China)

Abstract

Background and Aims: Venous thromboembolism (VTE) is an important complication after spine
surgery. Although the Caprini score is widely used for perioperative VTE risk stratification, it has limited
ability to capture early postoperative information related to coagulation and fibrinolysis, nutritional
status, and surgical burden. This study aimed to evaluate the incremental predictive value of early
postoperative clinical information beyond the postoperative Caprini score and to develop and internally
validate models for predicting in-hospital VTE after spine surgery.

Methods: This single-center retrospective cohort study included 1 508 adult patients who underwent
spine surgery at Xiangya Hospital, Central South University, in 2024. The primary outcome was overall
VTE occurring during postoperative hospitalization. Postoperative laboratory variables were defined as
the first measurements obtained within 24-48 h after surgery; for patients who developed VTE, only
measurements obtained before VTE diagnosis were used. Three Logistic regression models were
developed. Model A included the postoperative Caprini score alone. Model B additionally included age,
albumin, fibrin degradation products (FDP), operation duration, intraoperative blood loss, and transfused
red blood cell units. Model C included the postoperative Caprini score, age, albumin, and FDP. Internal
validation was performed using 1 000 bootstrap resamples and stratified 10-fold cross-validation. Model
discrimination, calibration, and clinical utility were assessed using the area under the receiver operating
characteristic curve (AUC), calibration analysis, and decision curve analysis. A preoperative Caprini
score model, a sensitivity analysis excluding FDP, and an auxiliary LASSO analysis were also
performed. Based on the validated models B and C, online web-based risk assessment tools were
developed to enable individualized VTE risk calculation and visual assessment.

Results: Among the 1 508 patients, 156 developed VTE, corresponding to an incidence of 10.34%. After
bootstrap optimism correction, the AUC of models A, B, and C were 0.706, 0.824, and 0.821,
respectively. The corresponding out-of-fold AUC from 10-fold cross-validation were 0.699 (95% CI=
0.656-0.742), 0.824 (95% CI=0.792-0.855), and 0.820 (95% CI=0.790-0.851). Models B and C
demonstrated significantly better discrimination than Model A (both P<0.001), whereas no significant
difference was observed between models B and C (P=0.494). The calibration slopes of models B and C
were 0.954 and 0.975, respectively. Decision curve analysis showed that models B and C generally
provided greater net benefit than model A across threshold probabilities of approximately 0.02-0.30.
After excluding FDP, the out-of-fold AUC of the enhanced model was 0.795; paired DeLong comparison
with model B yielded an AUC difference of 0.028 (P=0.006), indicating an incremental predictive
contribution of FDP. Online web-based risk assessment tools were developed based on the validated
models B and C, enabling individualized VTE risk calculation and visual assessment.

Conclusion: The postoperative Caprini score provides baseline risk information for in-hospital VTE
after spine surgery but has limited discrimination when used alone. Incorporating age, albumin, FDP, and

surgery-related information further improves risk discrimination. The simplified model maintained
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predictive performance comparable to that of the full enhanced model while using fewer predictors,

supporting its potential use for postoperative VTE risk stratification and online assessment. External

validation in independent multicenter cohorts is required before broader clinical application.
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1 508 I LAE B . AN AbRHE: (1) FFir=18 4 (2) £z
ZHBEMETAR; B) AIREARE VIEL FK; () £
NI =S S N 5 i A S e S A )
T HEBRbRE: (1) CHEZS R PRk s (2) o
SIATAR B R s (3) B L SR H B MRS FAR
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Jili 2l ok 1 5% 55 K A o BIF 9T (] R X 4 8B R S
G — AR T4 . VIE 2 Wi ISR #4525
WAl AR FRBAERE, a2 . N
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2.1 BEMNKRELFE

1 508 i LA A F AR B FE T, AR5 A B 1]
% " VIE 156 ] (10.34%) . FDP &k % 13
(0.86%) , ¥ A dE VIE 3% . 5 9F VTE 4 b &,
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%R R A I R KO (3 P<0.05) 5 P AL
. BMI. 40 M8 50 R A 5% B g 2 1 A ] 22 5

1 VIEAS5EVIEABZEZELXER KR EIEIRILE

TG #E L (HP005) (£1).

Table 1 Comparison of baseline characteristics and laboratory findings between the VTE and non-VTE groups
A dEVTE 4 (n=1 352) VTE 2 (n=156) SMD P
AR5, MIQR)] 56(47~62) 64(58~70) 0.94 <0.001
(%)) 732(54.14) 73(46.79) 0.15 0.082
BMI [kg/m*, M(IQR)] 23.99(21.88~26.12) 24.29(22.30~26.39) 0.10 0.281
FR L[ (% )] 315(23.30) 60(38.46) 0.33 <0.001
FEER B (% )] 98(7.25) 21(13.46) 0.20 0.006
T Gk KA AR [0 (%) ] 24(1.78) 8(5.13) 0.18 0.013
LT3 A [g/L, M(IQR)] 122.00(110.33~134.54) 112.17(98.50~121.83) 0.65 <0.001
FIEE F[g/L, M(IQR)] 37.53(35.67~39.70) 35.27(34.12~36.80) 0.91 <0.001
FAMAE T A (X10%/L, % = ) 9.25+2.36 9.35+2.35 0.04 0.611
LTI (X101, % + 5) 4.05+0.59 3.66+0.53 0.70 <0.001
D-"2R M [mg/L, M(IQR)] 0.33(0.17~0.59) 0.82(0.49~1.24) 0.99 <0.001
FDP [mg/L, M(IQR)] 3.10(1.60~5.89) 8.19(4.76~13.39) 1.02 <0.001
LLA IR (mm/h, M(IQR)] 32.25(18.33~50.46) 42.75(29.00~63.34) 0.39 <0.001
S B FE mmol/L, M(IQR)] 4.79(4.19~5.44) 4.88(4.42~5.55) 0.19 0.038
i B BR A IR E B mmol/L, M(IQR) ] 3.07(2.61~3.52) 3.16(2.72~3.65) 0.19 0.055
1 25 B A A A [ B[ mmol/L, M(IQR) ] 1.17(1.01~1.36) 1.22(1.06~1.46) 0.21 0.013

2.2 EFARHERFABEXIEIRLE

VTE 4R B FIA T Caprini W70 44 8 THE VIE 41,
FARBRITE A, A A i 8 A 2T A T £
ICU A AE B B8 35 5 P 4L T AR &8 A7 43 A I8 A7 7E 22
S, VTE 4 BEHETF AR LBl e, DM T A L B3

&2 VIEASIVIEAREZFRFABEFAEXIERLE

Table 2 Comparison of perioperative and surgery-related characteristics between the VTE and non-VTE groups

ik (¥ P<0.05) ., &&BEE T,
FLA (8] 8K 70 <0 R ML B 0 5%, VTE 41 AL AR 7t b5
it sk b B AR T AE VIE 44 (92.3% vs. 97.41%, P<
0.001) (%£2).

1 461 i (96.9%)

A 4k VIE 41 (n=1 352) VTE 41 (n=156) SMD P

ARAT Caprini FE/HM(IQR) | 2(1~2) 3(2~3) 0.60 <0.001
AR Caprini ¥FHM(IQR)] 5(5~6) 6(6~7) 0.67 <0.001
FARM ] [min, M(IQR)] 140(103~188) 178(138~216) 0.51 <0.001
AR i [mL, M(IQR)] 200(50~300) 350(169~500) 0.63 <0.001
AL AR [U, M(IQR) 0(0.00~0.00) 0(0.00~0.38) 0.30 <0.001
ICU A fE[n(%)] 28(2.07) 9(5.77) 0.19 0.010
TR (%))

522 (Mt 227 B/ HoAth) 95(7.03) 16(10.26)

FiHE 452(33.43) 28(17.95) 0.35 <0.001

JEEEHE 805(59.54) 112(71.79)
[ B 78 S AR 12 5[ (% )] 1317(97.41) 144(92.30) 0.23 <0.001

2.3 1REVE R NEPIIE S E RS

A *EC&priniﬂzﬁj\iﬁﬂlﬁj\, VTE
KRB B I 45.1% (OR=1.451, 95% CI=1.318~
1.598, P<0.001). #AIB ZHEHHrB/R, Fik.
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EW . I Ml log (FDP+1) 75 VTE & A= 4l 37
MK (£3) (K 1A). 1000 K Bootstrap T fili F£ 3
B SE . BEAY AL LAY BRI AY C 1Y Bootstrap
e IE AUC 43 %1 4 0.706 . 0.824 1 0.821, [ 5& /3 )2
102 X B4 1 5 Bootstrap IS5 R —5; T1F
1 495 fj 3L [F] s Re g i vy, EALA | BIRL B FIBIAY C 1Y
P40 F I Cout-of-fold, OOF) AUC 43 5 K 0.699
(95% CI=0.656~0.742) . 0.824 (95% CI=0.792~
0.855) F10.820 (95% CI=0.790~0.851) ( [¥] 1B) ,
OOF Brier 31 4343 % 7 0.090 1. 0.079 1 #10.080 2,
OOF ¢ 1 #7543 %1 4 -0.000 2. -0.000 1 £10.001 0,
OOF # R332 0.973 . 0.954 F10.975 (K 1C) .
Bt X DeLong £ 45 b 7k, #52A B A1 A4S C 1) AUC
TR A, AUC 2 fH 43 %l 8 0.124 (95% CI=
0.082~0.166, P<0.001) Al 0.121 (95% CI=0.079~
0.163, P<0.001); A B 5EIAI C 2 [0 257 K511
2 L (AUC 2214 0.003, 95% CI=—0.006~0.013,
P=0.494) . % F OOF i il 4% % M1 Youden $§ %L .
B B R BUREE | FER B . BHPETIIN(E (PPV) F1
FIPEFLIE (NPV) 4350 R 76.3% . 75.1% . 26.3%

H196.5%, BLELC 5 5]k 84.6% . 68.0% . 23.5% Fl
97.4% (%4), RFEML M Bon, 7£290.02~0.30
R [ (B M R T B P, RN B RIS Y C A v 3R 25 A
fmTARLA (J511D) . BEAY B 4548 & 1) J7 22 I ik [
TN 1.20~1.91, BRI C R 1.35~1.57, RAEFHE L
FIL R HE— B AT IR R RO M. R
Caprini P 3 B %! () Bootstrap % IF. AUC A 0.698 ,
10 47 3¢ L5 HIE OOF AUC 24 0.699 (95% CI=0.658~
0.739), ARJ5 5 ARAT Caprini 143558 ) AUC 22 56
GiitsE L (P=0.898) . HIBx FDP J5, 3584 AL 1Y
Bootstrap % 1E. AUC & 0.796, 10 #1 3¢ X & iE OOF
AUC 5 0.795 (95% CI=0.761~0.828) ([& 1E) ; #&
A B # N & FDP 5 &1 () AUC #2 1 0.028 (95% Cl=
0.008~0.049, P=0.006) (% 4). LASSO % B 7 #r ik
7/~ , lambda. min T 7 4~ % %€ 2 & B w7 B
lambda.1se F{% B A J5 Caprini PEA . AR, HEH .
log (FDP+1) Klog (Rrifiimsm+1) (& 1F),
I LASSO 45 AV FIiF A mia e vk, AH T
S IF 2G04 4 i 3 8 A T8 00 AR %6

%3 KRG VTEFiEEH Logistic B T4 R

Table 3 Logistic regression results of the postoperative VTE prediction models

TR B S.E. OR(95% CI) P
R A
TR -4.327 0.313 0.013(0.007~0.024) <0.001
AJ5 Caprini P53 0.372 0.049 1.451(1.318~1.598) <0.001
1% B
i -6.576 2.547 0.001(0.000~0.205) 0.010
KI5 Caprini 43 0.116 0.060 1.123(0.998~1.263) 0.054
A (2) 0.052 0.011 1.053(1.031~1.075) <0.001
H& A (g/L) -0.113 0.047 0.893(0.815~0.979) 0.016
log(FDP+1) 0.990 0.153 2.692(1.992~3.637) <0.001
log (AR E]+1) 0.298 0.282 1.348(0.775~2.343) 0.290
log (AR i Ml +1) 0.285 0.122 1.330(1.046~1.690) 0.020
L2 (U) -0.152 0.084 0.859(0.729~1.011) 0.069
R C
e -3.148 1.997 0.043(0.001~2.149) 0.115
ARJ5 Caprini ¥4 0.123 0.059 1.131(1.008~1.269) 0.036
IR (%) 0.050 0.011 1.052(1.030~1.074) <0.001
MM (g/L) -0.127 0.045 0.881(0.807~0.962) 0.005
log(FDP+1) 1.036 0.152 2.819(2.092~3.798) <0.001
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Figure 1 Predictive performance and auxiliary analyses of the postoperative VTE prediction models  A: ORs and 95% ClIs
for the predictors in models B and C; B: OOF ROC curves of the three models based on 10-fold cross-validation; C: OOF
calibration curves of the three models; D: decision curve analysis; E: OOF ROC curves of model B and the model excluding
FDP; F: 10-fold cross-validation curve for LASSO analysis
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Table 4 Internal validation, model comparison, and sensitivity analyses of the VTE prediction models

R A 0.706 0.699(0.656~0.742) 0.090 1 -0.000 2 0.973
R B 0.824 0.824(0.792~0.855) 0.079 1 -0.000 1 0.954
R C 0.821 0.820(0.790~0.851) 0.0802 0.001 0 0.975
T A 0.109 75.0 59.4 17.7 95.3
i B 0.119 76.3 75.1 26.3 96.5
il C 0.089 84.6 68.0 235 97.4
HETE B ps. 5750 A 0.124(0.082~0.166) <0.001
R C s, A51TE0 A 0.121(0.079~0.163) <0.001
I B ps. 151 C 0.003(-0.006~0.013) 0.494

ARH Caprini 5 0.698 0.699(0.658~0.739) KI5 vs. ARHJ Caprini 0.003(~0.038~0.044) 0.898
AN FDP HE A 0.796 0.795(0.761~0.828) T B vs. AP FDP LAY 0.028(0.008~0.049) 0.006
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