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H e 138 Bl o 23 A B SRR AT 1R O 15 B 4 R J5 /N BB WL ] & ik I 4% ( calf muscular vein
thrombosis, CMVT) JE RS K 2R s 2 M9 J5 R A2 CMIVIT 18 XU FIIIASE 74 6] H A% REREAT J0IE

Jiid: AWRFCR BB 43T 75, @il HIS RGUIEE 2022 4F 7 H %2024 4 10 A AT X
FER B EEBE ST AT IR B R B I IRIR TR, S I NHFERRARUE S LA 319 R E N
NG, A BEERFAT N R G2 S E R a, R G a8 CMVT ARIEE
CMVT 4. %8 7. 3 WGP BF B R4 (n=224 B MIFIEA (n=95 #1D , FIH
SPSS27.0 #EAT ISR AEGIEH L LR BRI AL (A R 1B F AR I ZR4L 134T LASSO [HA 4347,
WA J7 R ZE B /M) lambda fH (L) TG GRIR 2, K47 AL 8 AT 2 &K Logistic BIH 4T, 2T
AT 2 A A A 2 B R TR A, 3 ik 2 I SR S BRI 2 I 52 TARRRAE (ROC) HhZR. 1K
HERNZR S IR e sfe 2k (DCA) SHEAY (1) 2 REHEAT VA o

ZEHL: LASSO [FIAHT 45 FORFERS . BRI, BMI. FARKEA, KT D- Rk Rk
S/ AR A (PLR) « RATHLEFR Z LU . RATEE B = (TT) « AAF C-xMEH (CRP)
ARG PRIk S L (NLR)  REH R NIKIESNAHAER R, KL HE Logistic [1]JH5)
MR AR S5 25— K T IRIEZ) (OR=0.180, P=0.002) & M1 B A J5 IR HEF &, 4F# (OR=2.602,
P=0.036) . FREA (OR=9.730, P=0.007) . ARA[ D-—Z&4& (OR=1.608, P=0.001) . A CRP
(OR=1.080, P=0.013) . AJ5 NLR (OR=1.207, P<<0.001) ZBX&TBEHAG KL CMVT HIfEK:
K& (P<0.05) . HRHE L LR RS ERT, Hosmer-Lemeshow [ P A 0.4762, /4L
BT R — SR £ (C-index) {4 0.866, ROC 2k T AN (AUC) A 0.866 (95%CI0.814-
0.917) REUEN 0.780, K57 LN 0.817, R EA RIFHITNEE ) : KR4 C-index {64 0.859,
AUC 4 0.859 (95%CI10.785-0.932) , REKE A 0.803, KN 0.824, BAIREME G TN . KA H
BidhAEiE (Bootstrap) HEEHFE 1000 XIFATRAEIGUE, FAEMZE I Z A FI4E0R %2 (MAE) N
0.027, HiEZH MAE X 0.094. YIZRA S55UEZ DCA HhZR B fhm 47 B 77, RUFNER BA R
oS

ZEE W AT BRI B R U s L 4 B RRIE . R AT D- 384K, KHT CRP. RJ5 NLR
RAJERE CMVT MfER R, REH R NKIESNE T IRIPVER R . AHE R @ 0 S A B
LU R TIOI RRE A M PR S, Dl PR R4 N SR e IS B S R 2 2 ki, S T T e it
W BE ARG KA CMVT 1A .
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Abstract

Objective: A retrospective analysis was conducted to study the risk factors for the formation of calf
muscular vein thrombosis (CMVT) after the first knee arthroplasty. To construct a risk prediction model for
CMVT after surgery and verify its efficacy.

Methods: This study employed a retrospective analysis method to collect the clinical data of patients
who underwent knee arthroplasty in the Department of Joint Surgery of the First Affiliated Hospital of Shihezi
University from July 2022 to October 2024 through the HIS system. After applying the inclusion and
exclusion criteria, a total of 319 patients were included in the analysis. All patients underwent postoperative
color Doppler ultrasound examinations of both lower extremities. Based on the examination results, patients
were stratified into CMVT and non-CMVT groups. All participants were then randomly allocated in a 7:3
ratio to either the training cohort (n=224) or the validation cohort (n=95). Comparative analysis of baseline
characteristics between the training and validation groups was performed using SPSS 27.0. Statistical
analyses were performed using R programming language software. LASSO regression analysis with 10-fold
cross-validation was conducted on the training cohort to identify optimal lambda () values based on minimal
mean squared error (MSE). Variables selected through this process subsequently underwent multivariate
logistic regression analysis. A nomogram-based risk prediction model was then developed. Model
performance was evaluated by constructing receiver operating characteristic (ROC) curves, calibration
curves, and decision curve analysis (DCA) for both training and validation cohorts.

Results: LASSO regression analysis results demonstrated that age, anesthesia type, BMI, surgery type,
preoperative D-dimer levels, preoperative neutrophil-to-lymphocyte ratio (PLR), preoperative creatinine-to-
urea ratio, preoperative thrombin time (TT), preoperative C-reactive protein (CRP), postoperative neutrophil-
to-lymphocyte ratio (NLR), and getting out of bed on the first postoperative day were identified as covariates.
Further multivariate logistic regression analysis revealed that getting out of bed on the first postoperative day
acted as a protective factor for knee arthroplasty patients (OR = 0.180, P = 0.002). Conversely, age (OR =
2.602, P =0.036), type of anesthesia (OR =9.730, P = 0.007), preoperative D-dimer levels (OR = 1.608, P =
0.001), preoperative CRP (OR = 1.080, P = 0.013), and postoperative NLR (OR = 1.207, P < 0.001) were
determined to be independent risk factors for CMVT following knee arthroplasty (P < 0.05). Based on these
findings, a nomogram model was developed. The Hosmer-Lemeshow test yielded a P value of 0.4762,
indicating an adequate fit of the model. The training set's consistency index (C-index) was 0.866, with an
area under the ROC curve (AUC) of 0.866 (95% CI 0.814 - 0.917), demonstrating a sensitivity of 0.780 and
specificity of 0.817. These metrics suggest that the model possesses strong predictive capabilities. For the

validation set, the C-index was 0.859, and the AUC was 0.859 (95% CI 0.785 - 0.932), with a sensitivity of



0.803 and specificity of 0.824, confirming its effectiveness in prediction. Calibration validation was
conducted using the Bootstrap method with 1000 resamples. The mean absolute error (MAE) in the
calibration curve was 0.027 for the training set and 0.094 for the validation set. Decision curve analysis (DCA)
curves for both the training and validation sets were predominantly oriented toward the upper right, reflecting
the practical utility of the predictive model.

Conclusion: For patients who have undergone knee arthroplasty, advanced age, general anesthesia,
preoperative D-dimer, preoperative CRP, and postoperative NLR are risk factors for the occurrence of CMVT
after surgery, while getting out of bed and moving around on the first day after surgery is a protective factor.
The prediction model constructed in this study has good predictive performance and clinical practicability,
providing a reference basis for clinical medical staff to identify high-risk patients, take preventive measures
as early as possible, and reduce the risk of CMVT after surgery for patients.

Key words: Knee Arthroplasty; Calf Muscle Venous Thrombosis (CMVT); Risk Factors; LASSO

Regression; Nomogram
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E & FELER H AR
CMVT calf muscular vein thrombosis JULT i Bk if A
ROC receiver operating characteristic SRE TAERHIE
DCA Decision curve analysis HLo i 26
AUC area under the curve fih 26 T THI AR
PLR platelet/lymphocyte ratio HH PR 2 /R 2 240 i B A
APTT activated partial thromboplastin time 3% 43573~ 5E I 3% I A 8]
TT thrombin time Pk 1ML P[]
CRP C-reactive protein C-IRMNHEH
MAE Mean absolute error PSR 2
OA osteoarthritis BYERTTR
LEDVT lower extremity deep venous T ISR R K I A
thrombosis
DVT deep venous thrombosis R A%
PE pulmonary embolism ik 2
VTE Venous Thromboembolism i R TR A R
CMVT calf muscular vein thrombosis JULT i Bk if A
INR international normalized ratio PraniiEAL LR
PT prothrombin time ik 1L Tl 57 P 1)
SII systemic immune inflammation RGP SORE TR AL
index
SIRI Systemic Inflammatory Response R RNE I N R E
Index
NLR neutrophil/lymphocyte ratio Hh P2 i/ 2 A e LG A
ERAS Enhanced recovery after surgery Jn JE = AR
CDFI Color Doppler flow imaging K0 % 3 Wyt
TKA total knee arthroplasty R EHRA
UKA unicompartmental knee arthroplasty R BARR B R
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$1E HIS

BHERTTR (osteoarthritis, OA) &M ZHBEH LI — Mo TRAT MR, ATk
HETARR AR, W TR, HORWHE e B B E, SRS T 4E
oo BE, FIML, o] BB T AL, SRS, M E S B AT R
= E RGN IRE N H 2 RAEB RGN, #2023 4F 65 2 LA E A H (5 15.4%,
HAWRRIE =Tk [E 5 4ERTE OA R 7 TH#6 2 F T A, w2030 4
OA HAR M N #1100 75, HrpBTEMRTT & (KOA) &L 800 /i, X
TR KOA B3 KU, BT EHR&IFIGIT T, MRS DR
AEHVIFIT R, BEERERE SRR, NRATEKE R A i e, [F R
KT EIATIN R, BORBZ ) BFEFAT TARIGST . (HR KT ERARBAFAELE L
FRRAE, B0 R IRERKIMAE (lower extremity deep venous thrombosis, LEDVT) . J&
g BAERAZE. DB EAREEN, —HAZEY N G R OGE R A & .

TR ER K M A% (deep venous thrombosis, DVT)&Fa IRk N IR BT 575 e 4 S 80
ikl AT . LEDVT JelRoc™y B #oR 5 fcid W H ™ BRI IFAREZ —, A ML i ¥ ] it
— B R B AMFEZE (pulmonary embolism, PE) , X A4 iy 22 4 ™ i WL
8]k A2 (calf muscular vein thrombosis, CMVT) &J&T DVT B EA, JIRKE4
THEBAEE Ha L ke, LA S B3 % . doREE D R S BiE
B 2 P 1 R R RAEE R B2 B S, CMVT Bk H AR Wi . A AH R
SCHRIRGE, WIVATIRSS T B4R G LEDVT FIRAFN 12.5% ~ 31.3% 7, 7& LEDVT
BB A 47%~79%1 835 A CMVTE 8L, KT H 1T ¢ CMVT iR TF 1R 41X
PEDOL, X T CMVT A O A 245, BT RZHM CMVT S8 %A IR RAEIR F 25
A2, BUEIRECR, G N/NE R AR B R e R, o — Pt ol k™
HEIARER, BAAE—ERERME, BRI RE M H =4 & 08 ) EAE, F
] CMVT KRG 3R Mk e A ST 98 22 ek, #E— D19 1 il R IR SR 48—
FoMEEYE . (ERAWIA A EY, CMVT 5 DVT. PE (IR EREEY)HSHEE 12,
XTTARIBITH CMVT BE TR 15% i —2 kR i umiR# ki (proximal deep
vein thrombosis, PDVT) , H##t—5 38 PE (k£ Kim SM M7, 7EF
W& CMVT K PE EET, H 78%EEEA/NMENESIEIR, Xt Pl 7 RE
CMVT & A RRERIIIK . ARk, P BEH K PE. BEAEA SO FTIRL, &
CMVT HJEFEAEERBEREN T, KAFFRAERABEES, Hibkt)s B2 %K DVT
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M PE HIRAEZR . RAER -7 A 507 M N A SmI4Hs R et WS I IMREETT
AR MAR I R, I LA RBROR B 22 1) 77 2 AT A 5% R GV A % R E 48 B (systemic
immune inflammation index, SII). FR% % &V $E% (Systemic Inflammatory Response
Index, SIRD) 578 58 A FR AR (A L), SRT X R 52 oG BT CMVT 1IHEA
B, BRA DR A @R, kiR i, AT R 25
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228 MRS5S

2.1 AR

AR G BN His RE05E T 2022 45 7 H-2024 45 10 H AT K525
JEEBERTTIMEMTIR R T B AR BB, ERIRR TR, FExF LHEAT ™4 i g HE b 1 i
k.

2. 1.1 INFRE

L2 W R ST B MRS 2
2AHIRAT MR B AR
3ARHIAT XU I R 0 22 8 il 7 A 25 JC bk A 5

2. 1. 2 HEBRFRE

LI R BERIAN 8 B 5

2K 1 AR ] =0 DG AR P v 7 ot /N B 5 24 W 5

3.REAEA AR BT i bk 5k S5 T e R i

4R 5 PN B LR CMVT & FFikh DVT #;

SR PEE IR B B0 I R

6.7 - H A AT BRI

AR FIEGIN 319 Bl E . KRS AN T REZE BRI T RS
B R (05 KJ2023-422-01)

22 KREHE

ASHIF FE R R A B Al AR HE 115 A 20N N =[(Kwz) 2 xp(1-p)] /6%, 448 5 K HHEET o L
0.05 B, Kap=1.96, RVFIRZE o N 5%, HIISHENICEARSGE LEDVT KL
13%~32%, fAN ARG BIREAE LN 174~334 51, % [EHHRE B2, REA B2 T 190 20%,
REIIREAE N 209~401 .
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2.3 FRPE

AHIE TR A PR OSSR A AL, S5 Sl IR SEbr TAE SRR IR G, e 4% m]
e FEOR G EE KA CMVT a8t 5 Ba 5 K5 58— & = B i3 B
RGEBCERE R G FOoRL, NI B IE B XEE BaEAE S, 5. BMI,
G SNV i NI 3 7T = |2 SN % 72y ) 7 7 R P B R SN 7 N R
R E# . BPOCTT B RIS (S RRIE. MEE R  ARETE BRbREN
[t{E (international normalized ratio, INR) . ARFj#tMAFHT ] (thrombintime, TT) . AR
FU 5 I B IS (3] (prothrombin time, PT)  ARFTTE A HEE 7 &t ML 7E B (8] Cactivated partial
thromboplastin time, APTT) . AHij IR Z= U WA . ARAT D-— 54K RiT C- M EH (C-
reactive protein, CRP). AR IML/MR/MREAHHEELE (platelet/lymphocyte ratio, PLR) AR
AT R G 5 9% 4 E T8 8 (systemic immune inflammation index, SII). ARFJ RS KE N 5
% (Systemic Inflammatory Response Index, SIRI) . 7§ A 14 ki 41 A/ bk B 40 g L 4E
(neutrophil/lymphocyte ratio, NLR) , AJg§ PLR. AJ5 NLR. AJ5 SII. AKRJ5 SIRI, K
JEHE—REE FIRIESN . fE B Excel #OIFX 8 #7105
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KR T B8 7. 3 EEBIBENL - N IIZRAE (n=224 5D FIERIELA (n=95
B Rl AENZGE RIS IER A . R SPSS27.0 H Xt Il SR 4l AN ek 2 (1) L & %
BEEAT 204, TP ik 5Ok, F7 A IR0 A 0 TH & TORER S 5 b e 22 (Xs )
FooR, HLERHMSIREA ¢ kg, AIRMIEZS A0 T SRR A T A28M (P25.P75) ]
T, HEERAFA (Mann-Whitney U) fa 86 LU oS0 EME A0 b (%) &
N, AR 2. 8 Rstudiod.4.1 HAFHEAT LASSO [R1H 434 2 14738 XA
WE, MR IRZE R/ lambda {H (L) ik ()G K = #8172 K2 Logistic [51147>
75 K A “rms™ (LI HL P<<0.05 fA & 1E47 M 6 41 46 B Tl A 28 , o) il A5 2 i3k 4T Hosmer-
Lemeshow F 36 A A F SR BEVEAL, R B BIiFh#EE (Bootstrap) EE fhAE 1000 it
ITIHESIE, ZhiHEihZk, 256 FI4anti2% (Mean absolute error, MAE) XA
HE BE AT VRAL o f# H “pROC” . “ggplot2” £ % ffil] 52 i\ # L AF RF 1 (receiver operating
characteristic, ROC)iiZ, 115 ROC #i4k N (areaunder the curve, AUC) . i 7 &
B RGEAE, XA (R RE AT VAl o S “rmda” B R IG R L S M1 28 (Decision curve
analysis, DCA) , PHEREAEIRIR BN HMEP<0.05 AZEREAF SR N).



