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[WE] BB 0 dEm B e B Eish & 42 0 B Il # (left atrial thrombosis, LAT) 5% Ifil #4 A K
A (prethrombotic state, PTS) WM AR HFE . AiE BB EBOT AL ER RS 5E & [&%AD w B 202148 H—
202449 H .0 b Wi 8l /R 356 Bl ) — SRR LI R 0 AR AR S A e IR BEORE IR B A AR 0 8 LAT/PTS
M LAT/PTS 41 . R M Logistic [F1H \LASSO [l 15 5 M7 & 57 i % TAE F71F (receiver operating characteristic,
ROC) [ £& 43 B 45 2kt 371G 5 PR 2% %68 A 9 4 0 55 8 351 (non-valvular atrial fibrillation, NVAF) % 4= LAT/PTS () #i i
M. SR ALAM3S6HEET LAT/PTSL R 11561(32.30%) . LMK E K £ H % Logistic [ )3 4347 s
£ Y 3K (1 7 (fibrinogen, Fib) L% % 4 I(cardiac troponin I,cTnI) 22 .L» b N 1% (left atrial diameter, LAD) \ 2.0 H- I
1 H %% (left atrial appendage orifice diameter, LAAOD) #f K, 2 0> % ¥} Ifil 4 %% (left ventricular ejection fraction,
LVEF) | Z& 0> B HE 25 3 J& (left atrial appendage peak emptying velocity, LAA-PEV) I Ik J& NVAF & & /4
LAT/PTS B4 57 fé [ K 3 (P<0.05) , ROC fhi £k 43 H7 45 5 R , LVEF \LAA-PEV \Fib.cTnl,LAD LAAOD i
M VAF %4 LAT/PTS B9 i 2 F i L4 51 0.766.,0.929,0.684.,0.722,0.808.,0.799. £ Fib M cTnl 89T+
LAD.LAAOD Kk, LVEF \LAA-PEV il & NVAF B35 K E LAT/PTS (7 fa i &K .
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Risk factors analysis of left atrial thrombosis or prethrombotic state in patients with
non-valvular atrial fibrillation
LUO Jia-tao, YANG Jing, HOU Qian, ZHANG Zi-yuan, ZHANG Guang-ming, ZHANG Ya-nan’
(The First Department of Cardiology, the Second Hospital of Hebei Medical University,
Shijiazhuang 050000, China)

[Abstract] Objective To analyze the independent risk factors for left atrial thrombosis (LAT) or
prethrombotic state (PTS) in patients with non-valvular atrial fibrillation (NVAF). Methods Clinical data including
general characteristics, clinical medical history, and biomarkers of 356 patients with atrial fibrillation admitted to the
Department of Cardiology, the Second Hospital of Hebei Medical University from August 2021 to September 2024
were retrospectively collected. All patients were divided into the LAT/PTS group and the non-LAT/PTS group
according to the results of transesophageal echocardiography. Logistic regression analysis, LASSO regression analysis,
and receiver operating characteristic (ROC) curve analysis were adopted to evaluate the predictive value of each
independent risk factor for the occurrence of LAT/PTS in patients with NVAF. Results Among the 356 enrolled
patients, 115 patients (32.30%) were assigned to the LAT/PTS group. Univariate and multivariate logistic regression
analyses revealed that elevated fibrinogen (Fib), cardiac troponin I (¢TnD), left atrial diameter (ILAD), and left atrial
appendage orifice diameter (LAAOD) , as well as decreased left ventricular ejection fraction (LVEF) and left atrial
appendage peak emptying velocity (LAA-PEV), were independent risk factors for LAT/PTS in NVAF patients (P<
0.05). The results of ROC curve analysis showed that the areas under the curve (AUC) of LVEF, LAA-PEV, Fib,
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¢Tnl, LAD, and LAAOD for predicting LAT/PTS in NVAF patients were 0.766, 0.929, 0.684, 0.722, 0.808, and

0.799, respectively. Conclusion

Elevated Fib and ¢Tnl, increased LAD and LAAOD, and decreased LVEF and

LAA-PEV are independent risk factors for LAT/PTS in NVAF patients.
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Bl ol MR % A5t Ceerebral ischemic stroke, CIS) %
A ST FE B R 2 — Y R B
31 (non-valvular atrial fibrillation, NVAF) &3 A~
B IF R AR A L BIL A B A e R e R
DL K AR ME BOE AR BAE LT R AF, B AT IR
BV NVAF 75 i AU # B CHADS2, CHA2DS
2-VASc-60 55335 ik, T LiRiFEn & AF
S B R AH DG A 6 R 2%, X T AF % &4
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PG A T ) IR 90 %6 DA b AR IR T A2 0 B sl e O B
2B 0 B B R 2 K A B iR (left
LAT) 5 i # §#f K
A (prethrombotic state, PTS) B 1 & ik, H
t, PTSERINE AT R IEE L B %
AR H G, RERE RN, &
FE 4R A BRI i, HoaE E B A A0 BoHES
B, UH G kT AL EY KIHEA O
REFEIR (1 B3 o Hijazi % 1 4 35 BT WR V0 BE FH T ik 2>
AF 835 A op o H At i A% # %€ F5 48 (Apixaban for
Reduction in Stroke and Other Thromboembolic
Events in Atrial Fibrillation, ARISTOTLE) & ¥
B R HUA BA B, A T ABC A< o RURS PEAR R R o
PP R RE DS EHER . EWREYEE X
I R S BB B PP A LAY T B0 AF 8 3 i A
XU o Ak, Cao % 7K CHA2DS2-VASciF4y
HEATICR , AT B 22 b R/INVEL AF 28 AT AT
A — A B B9 CHA2DS2-VASc-LAF PF43 1k &
B R RGE AT —E Jm R, B A B
o] Joi MR SE NVAF BE IR IR . AWnEY .
25 1 S 25 A8 R 0 Bl T BROHE A Il R T RE, A BT
NVAF 8 &4 LAT/PTS L Gk M ZE, Ly
Shy R S B AR T A Il R DY S AR e 4R R BRI AR A

atrial  thrombus,

1 ARSI

1.1 —fweR B T 2021 4 8 H —2024
9 HEM L ER R 225 BB O NRHEZ 2 B
LB E B NVAF (35 35861, W AWRHE: OW
i NVAF J5 i, 12 Wi s 2019 4F 3¢ [ 0 i
2> (American Heart Association, AHA) /& [ .
WEWG 22> (American College of Cardiology, ACC)
XF NVAF 5& R 78 A AT N CALBE o JUE A 5 46
AR, B AR A WG LT KA
AF; QR EZZaaEE@A R AE, BIRE
W AT ER AL R S AFAE LAT 5 PTS,

A 5T O i b B R R S 5 TR B B
o
1.2 ik IR AR O 3 KRG A 25 RN e
SR LAT/PTSHSAELAT/PTS 4, WERER
B FR . R E S H (body mass index, BMD .
i 2=t (cerebral stroke, CS) /%48 %7 4 Ik Bt 1L A&
YE (transient ischemic attack, TIA) %55 . &I E
o S L OB PR S L AP R I R L O T
BOAF KA, RBESZ T ROaVERT (2T
A DS EERC 2 'mPiEE 3N H &L B, Jf
I3 CHA2DS2-VASc-60 1143, Be 2 g 6 75 .0 5
B4, A pr W AR (left atrial diameter,
LAD) . 220 % S 143 0 (left ventricular ejection
fraction, LVEF) . % .> % W #& (eft ventricular
LVD) . £ & B N AR
diameter, RAD) . 470> % N 12 (right ventricular
diameter, RVD) %, Z.0HIEA GGEAL . X W
PRA L SEAEAL DL R AN N A T A B A HE
BE (left atrial appendage peak emptying velocity,

diameter, (right atrial

LAA-PEV) | 7 .0 B JF 0 H 42 (eft atrial
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J# (left atrial appendage depth, LAAD) (& X K
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H 1 C(cardiac troponin I, c¢Tnl) . £F 4 & H

J& (fibrinogen, Fib) ZF5F .

XPLAT/PTS B9 000 o 8 , Jf & th £ T m
FH (area under curve, AUC), P<0.05 W £ RFH

1.3 GitE)iE B SPSS 27. 0 Gt 44k o #r gt E X

e . A ESSMMITFERRL (Tt FIR, > & m

Lo 38R ST REAS B e K 36 5 A IE 28 40 A 1 3 it %

B IM QR ] Fox o, I R A Mann- 2.1 24JLERBERILE ML TR LAT/PTS4,

Whitney U k55 HECFR AL (00) £os, I
Bk Yy K 36 B Fisher A% 0 46 56 0 R B R
Logistic [\l H B, J3Hr LAT/PTS i AH % fi [
o FHILASSO [F1 9 53 Hr i 126 5C A8 5, i it
AR AN Z I Logistics [HH 4381 LAT/PTS B9 7k
SfE R R o R Z L E TAERRAE (receiver
operating characteristic, ROC) 43 # Jilt 57. fs 5 [

LAT/PTS 4 1y CHA2DS2-VASc-60 ¥ /73 ¥ & ;
FeA L S Lt ADHIEA . R AR
(9 H B s s 4E#Y . BMIL. LAAD. LAD. LVD,
RAD. RVD. LVEF. ¢Tnl, NT-proBNP. Fib,
D-D. hs-CRP, LAAOD, LAA-PEV H/h, #57
FHgit#m L (P<0.05), W#1,

F1 2HEERBENLER
Table 1 Comparison of basic characteristics between the two groups
- - CIS(TIA'ﬁE i rmmwwﬁ 12!i?)ﬁ%$é%ﬁi FRELtE AF () SO sk (] mﬁ%‘ﬁﬁa&&
(%, %) B (%L, 0) (1%, %) #, %) 0, %) (%, %)
FELAT/PTS#H 241 62(25.7) 2(0.8) 1(0.4) 86(35.7) 104 (43.2) 107 (44.4)
LAT/PTS4 115 36(31.3) 4(3.5) 1(0.9) 84(73.0) 52(45.2) 53(46.1)
Y/ 2/l 1.210 1.890 — 43.550 0.130 0.090
PH 0.270 0.169 — <0.001 0.714 0.765
A5 g PRI RS WIS MR MR b vﬁﬁiﬁﬁﬁ
L %) (B %) (%, %) (%, %) (1%, %0) #, %) [M(QR) 4]
FLAT/PTS#H 241 142 (58.9) 55(22.8) 148(61.4) 43(17.8) 61(25.3) 71(29.5) 3.0(3.0)
LAT/PTS 4] 115 60(52.2) 77(67.0) 72(62.6) 28 (24.4) 19(16.5) 49(42.6) 4.0(3.0)
2/ Z/ U 1.440 65.000 0.050 2.060 3.450 6.020 4.530
P{i 0.230 <0.001 0.828 0.151 0.063 <0.001 <0.001
‘ ZEUHIEE (W5, %) )
20 5 15l % = LAAOD (¥+s,mm) BMI[M (QR)]
X 7 [IIPN17 JA [ A 25 ALY
FELAT/PTSH 241 20(8.3) 76 (31.5) 67(27.8) 78(32.4) 174429 26.7(4.3)
LAT/PTS4 115 3(2.7) 36 (32.1) 12(10.7) 61(54.5) 21.1+£3.7 25.9(4.2)
Y/ Z/ il 23.170 9.340 2.010
P{H <0.001 <0.001 <0.001
- - A iy N[;fgégﬁp Fib[M(QR), D-DIM(QR), hs-CRP[M  ScilM(QR),  c¢TnllM
M(QR) . %] ng/L] g/L] mg/L) (QR) ,mg/L]  pmol/L] (QR) ,pg/L]
FLAT/PTS# 241 61.0(12.0)  231.6(494.1) 2.8(0.7) 0.07 (0.06) 1.6(1.7) 73.0(21.0) 6.0(4.7)
LAT/PTS 4 115 66.0(14.0)  963.0(1 142.0) 3.1(0.7) 0.09(0.11) 2.9(4.7) 73.0(20.0) 10.6(21.9)
Y2/ Z/ et 3.250 8.180 5.450 3.910 2.900 0.010 6.190
PiA 0.001 <0.001 <0.001 <0.001 0.004 0.989 <0.001
- - IA‘\\'/EF LAD[M LVD[M RAD[M RVD[M LAA-PEVIM  LAAD[M
(%, 70O (QR) ,mm]  (QR),mm] (QR) ,mm] (QR) ,mm]  (QR),cm/s]  (QR),mm]
FLAT/PTS#H 241 62.3(7.5) 38.0(6.0) 49.0(7.0) 35.0(7.0) 21.0(5.0) 54.0(35.0) 23.7(6.3)
LAT/PTS4 115 54.7(15.7) 44.0(6.0) 50.0(7.0) 41.0(9.3) 22.5(5.0) 23.0(8.0) 27.0(6.9)
2/t 8.160 8.990 2.560 5.900 3.240 13.240 5.620
Py <0.001 <0.001 0.011 <0.001 0.001 <0.001 <0.001
2.2 LAT/PTSfalF R M Logistic BIH /8T 45 ¢Tnl. LAD., LVD. RAD. RVD, LVEF,
R BRHER . NT-proBNP, Fib, D-D. hs-CRP, LAA-PEV. LAAOD. LAAD. CHA2DS2-
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VASc-60 -4 . #R2etE AF. @t O J iR
g XM ELDHESE NVAF £33 LAT/PTS
KGR R ZE, HLVEF. LAA-PEV 5 LAT/

PTSRERGME, FRHEANKRESLAT/PTS
M & AERIEMSE, W2, WG ILFES,

® 2 LAT/PTS ke H i 8 FE & Logistic [ )3 43 47
Table 2 Univariate Logistic regression analysis of risk factor affecting LAT/ PTS

A 5 7 ¢ i R Waldy* & P8 ORfH 95%CI
Frebk AF 1.59 0.25 40.450 <0.001 4.88 2.99~7.96
CIS/TIA Jii st 0.27 0.25 1.210 0.271 1.32 0.81~2.14
R AL P A i o 1.46 0.87 2.790 0.095 4.31 0.78~23.86
P B A FE 5 0.74 1.42 0.270 0.600 2.11 0.13~33.96
5 0.58 0.24 5.950 0.015 1.78 1.12~2.82
5t L 5 7 B 0.08 0.23 0.140 0.714 1.09 0.70~1.70
1ML A5 95 5 B 0.07 0.23 0.090 0.765 1.07 0.69~1.67
o i I E 5 5 -0.27 0.23 1.440 0.230 0.76 0.49~1.19
A ) i 1.92 0.25 58.980 <<0.001 6.85 4.19~11.20
5 1L 975 52 0.05 0.23 0.050 0.828 1.05 0.67~1.66
IR 5 95 B 0.39 0.27 2.040 0.152 1.48 0.86~2.54
HAPUEER YT -0.54 0.29 3.390 0.065 0.58 0.33~1.03
LLHIES
PN 1.15 0.65 3.140 0.077 3.16 0.88~11.32
A 1a] A 784 0.18 0.69 0.070 0.798 1.19 0.31~4.65
ST 1.65 0.64 6.600 0.010 5.21 1.48~18.36
CHA2DS2-VASc-60 14 0.27 0.06 19.800 <£0.001 1.31 1.16~1.48
BMI -0.04 0.03 1.800 0.180 0.96 0.90~1.02
A 0.04 0.01 11.830 <0.001 1.04 1.02~1.07
R A i e i O A 0.01 0.00 29.920 <20.001 1.01 1.01~1.01
Fib 1.11 0.22 26.630 <0.001 3.04 1.99~4.63
D-D 3.72 1.10 11.290 <0.001 41.09 4.71~358.25
hs-CRP 0.04 0.02 5.110 0.024 1.04 1.01~1.08
Ser 0.00 0.01 0.170 0.684 1.00 0.99~1.02
¢Tnl 0.01 0.00 4.000 0.046 1.01 1.01~1.01
LVEF -0.13 0.02 59.440 <0.001 0.88 0.85~0.91
LAD 0.23 0.03 58.370 <0.001 1.26 1.19~1.33
LVD 0.07 0.02 9.730 0.002 1.07 1.03~1.12
RAD 0.11 0.02 31.360 <0.001 1.12 1.08~1.16
RVD 0.13 0.04 12.320 <£0.001 1.14 1.06~1.23
LAA-PEV -0.17 0.02 67.570 <0.001 0.84 0.81~0.88
LAAOD 0.36 0.05 60.370 <<0.001 1.43 1.31~1.57
LAAD 0.14 0.03 29.480 <£0.001 1.15 1.09~1.21

2.3 CRHILASSO [l 97 e e p A8 i 45 2R Wos 2.5 LAT/PTSIEMM M AHE 38T ROC £k

i /N 15 26 AR 0 Y Y OGBS RO 17 15 T T AR
it A5 Y G 3 1 ) OC B AR B R T A, 3 il o Fib
¢cTnl, LAD. LVEF. LAA-PEV, LAAOD, i»
JixEvEp . WKL, B2,

2.4 LAT/PTSfakHZE M £ KK Logistic [l 443
Bro 453 B R Fib, ¢Tnl, LAD, LAAOD # &,
LVEF. LAA-PEV J#{f & NVAF % &k £ LAT/
PTS WM fakr N . Wk 4, WA O R 3R 3.

SyHrEE R o, LVEF, LAA-PEV. Fib, ¢Tnl,
LAD. LAAOD #i il NVAF % 4 LAT/PTS #y
AUC 43 %) & 0.766, 0.929, 0.684, 0.722,
0.808. 0.799, Al PR 4 £ 0y 3E 4 T i A< b K
B o R G AR AL B . WK S, Bl 3.

3 i it
BEHE N EI AL, AF &R AR R R E E
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Table 3 Coding of variables in Logistic regression analysis

AR gt A5 ik IR
il Htk=0, & tk=1
AF %8 Mk AF=0;154: AF=1
CHA2DS2-VASc-60 114y LA
CIS/TIAJR L =0;02E=1
B i P A A v o s =0;02E=1
PRAE R A4 ZE 05 =0;02=1
BMI HEE B
RN Pk =0;/2=1
I 65 3 975 5 B2 =0;/E=1
e % L9 5 B2 =0;7E=1
A0 71 FE I S fi=0;/2=1
70 1L 575 5 H=0;/2=1
R 55 995 52 =03 =1
A A i o JOK SR
Fib L
D-D L
hs-CRP L
Ser SR
¢Tnl IS b
LVEF HEE B
LAD LA
LVD LRSSy
RAD HELE R
RVD LA
A A STRER T =0;/2E=1
LAA-PEV HESEE R
EOHIEE R =15 il N5 =25 KU #R =35 3 46

=4
LAAOD L
LAAD L

|

TR, BEGO BR AF B CS AR 218

S5, ECISHMSLERNEZ —. Wik, #WaEwE
T A i AURS: PE 4> RGeS R IR R R Y
i G BB X WR AF M6 CS B E 2, BEAEA iF
g0 oK, LA NVAF BE IR S A 08
PR 2 W b o 0 55 B0 R S 09 2 o XU
fli ik, BALGE I CHA2DS2-VASc-60 W7 & 4t
TG, WU . R, ARHF I E— ik
ERFTZ LR EYER LG 'E A O3 E
G5 EIE K BCHE . Gt B AF R E 220 HOf
B CRARASD A ah 7 fE B R R B LT 4 {6, DA
01 Sy ey g T 4 TR A 6 DR P43 R e B R AR A

Je U B ML A T R A2 O B i AR T R 1 3 A
RZ—, AFBEMACH TEA SR, FEILGE
JIVRES , TCEKE O P o I RCHEZS L DA S B
DR B o R T T BRSO BN LAA-
PEV {5 {8 50~80 cm/s. AR G145 R &M T
LAT/PTS # LAA-PEV | fi % N
54.0 (35.0) cm/s, LAT/PTS4 LAA-PEV fifi;
A 23.0 (8.0)0 cm/s, LAT/PTS 40 W i FAAIK .
AN, BEEE Wk, NVAF B 260 H s HE
25 W <40 em/s AT M CS WY & A= 5 3 B <20
cm/s AT T 22 0 TR O F R o A% 4 2E 1 ) & A
Handke %5 "' (9 8F 52 48 1 BRI 0 15 % R A, H
Je U BRI AH HE 25 3 B <55 em/s B BITAT 79030 H: 22 0
R BT R, T EE <37 em/s Al 76 F H CS 1Y
KA, HYERERBUREYRS . AR R R
/N AF 88 LAA-PEV 1ilill LAT/PTS &) AUC
H0.929, HAEMBIE M 39.00 em/s, K E K
91.8%, HESFERT9.7% . HAh, Ze0 B OE
BN, Himm s L ZM, FRALEN
I A, HE SR AR . B T B, A
O H O EB T AN E NVAF 8% CS & A 59 0h <7 16 1

17 15 10 9 5
Lo}
0.5
o
=
0.0
,0. 5 _ IV ] 1 1 L 1
-6 -5 -4 -3 -2
LambbdaXf ¥t

& 1 TENDERHEEE

Figure 1 Path diagram of the regression coefficients for each variable
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Figure 2 LASSO regression cross-validation curve

LambbdaXf ¥t

R4 LAT/PTS el EEH £ EEK Logistic EFH 4
Table 4 Multivariate Logistic regression analysis of risk factor affecting LAT/PTS

A5 ik ) 2 %1 T vfiE 15 Waldy* {i P& ORI 95%CI
A 3 3 S 0.72 0.84 0.74 0.389 2.05 0.39~10.73
Fib 0.84 0.40 4.40 0.036 2.31 1.05~5.07
¢Tnl 0.01 0.00 4.87 0.027 1.01 1.01~1.01
LVEF -0.05 0.02 4.49 0.034 0.95 0.91~0.99
LAD 0.14 0.05 9.30 0.002 1.15 1.05~1.26
LAA-PEV -0.14 0.03 22.00 <0.001 0.87 0.82~0.92
LAAOD 0.15 0.07 5.36 0.021 1.16 1.02~1.32
*5 NVAF &35F LAT/PTS B BTl i 1B 4 47
Table 5 Analysis of the predictive value of LAT/PTS formation in NVAF patients
Eizk T AUC ZIBAE R 95%CI R (U0 RESEE )
LVEF 52.950 0.766 0.427 0.710~0.822 78.4 64.3
LAA-PEV 39.000 cm/s 0.929 0.715 0.900~0.959 91.8 79.7
Fib 2.915 g/L 0.684 0.315 0.623~0.745 70.1 61.4
¢Tnl 8.290 pg/L 0.722 0.425 0.662~0.782 69.1 73.4
LAD 40.500 mm 0.808 0.487 0.760~0.856 79.4 69.3
LAAOD 18.275 mm 0.779 0.447 0.722~0.836 84.5 60.2
1.0 2. HARMFF S B8 LAAOD K& LAT/PTS
0.8 s ek N E, HLAAOD 5 LAA-PEV & it
Ko iR, BT A BT H B A IR AR R
5" AR R BT 10 6 0 1 G2 I 08 59
® o4 {1 SBT3k LAAOD) 18378 0 FFJF 1 3 i B
0.2 JEA 4 .
i R 8 5K 220 HOJE Al 0 43 4 PP AL 3
0.0 1.0 AR KR Al A AERD D @A, Yamamoto

B3 LVEF.LAA-PEV.Fib.cTnl.LAD.LAAOD il NVAF
% £ LAT/PTSHIROC By &

Figure 3 ROC curve of LVEF, LAA-PEV, Fib, cTnl,
LAD and LAAOD for predicting LAT/PTS in NVAF

G EMAELHIEHMESEESELEIESH
Ko MRS WoR, A AE O H LAT BN R &
o, Z2 0 H A BB m ;s WSRO HA LAT
SRR, A0 HHES M RAR ., Bk, A0
FEH B A AR 22O LS LAA-PEV 25 7
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Mo br, SR BARFHER . AIAER K LAA-PEV
I8 T AU A B, {F R S A B RN 5 B 225 R E S
I . PR RFEAR RS, IR
REAL B FE 45 AR R 4508 .

A, AF BE L AF s, HA L GW
Ko ZZOBWYT KEAMAN LT EN . O H
Yt B LA S i v By i R R EE RS A oG, 1
WH RSV LAT IR ™, 2 = W
&, LAD k2 NVAF B % & A4 CIS 1950 37 &
B . A T R, M T LAD IEH W
AF ¥, LADH KB H 1) CHADS21F 4 (P<<
0.05) 5 CHA2DS2-VASciF4y (P<<0.05) Wi,
H I/ B % LAD 8 K kg K, # L LAD=>
44.17 mm, HLAT BJE AR 2 K3 . A Bk
5% 8 1 Bl A AT R RE IR E T X — 255, LAD B K
&= LAT/PTSIE WAl 7 fa i N2, ROC M £ 43
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