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HE): HTHEQRS-TRAM M =FRAEERERERENE L ETNEEFEEBA GRS R HK
WG R SR BN . ik ABEFE R —T 0. BB, AR, BB T20234E1 8 F2024
F12A FRABHE - ARERRZSITSEEMARSSE O FEE EETR, BERE3ARTERS
AR REMRERE, WEBE —RIBRFEMERLRERE, FITHEARRHEQRS-TRAMNTYGH
B, BT RER KL HERCOXEE XK E AEE SR B ERN R E RN ERER, ZRAETIER
E(ROC) i £ 73 H7 8 QRS- TR A MTyGIa Bl 5 B AT K ME. &8 : —SLHPN80HEHE, R
H (326K E R A 48H]), BHEESHTBRMAQRS-THA. TYGHEH. £.0FEEAMZ I MES it
¥R (P <0.05), H5RERAME, ERALE LFEER(42.48 £7.499, 35.58 + 5.199, P = 0.009).
HQRS-TH 4(96.69 + 53.708, 57.00 + 46.652, P < 0.01) M TyGHEH 5 TR 5 K4 (1.245 + 0.469, 1.022
+0.474,P <0.05); &idZH ELogisticEA &R B/, HAQRS-TFAMA[OR=1.019,95% CI (1.007,
1.031), P = 0.001] M TyGHE#([OR = 6.266, 95% CI (1.656, 23.715), P = 0.007] &t 0 B Hish S B
A G EBEKKEMEER. ROCH LTS R BN, B QRS-TRAMTYGHEE TN %K EEAR G FH
HRE 2R FHEM(AUC)H0.824 (95% CI: 0.733~0.915,P < 0.001). %518: QRS-TRAFMTyGIEH LR
SMLEEEE FERBAEEFRHERKOERER.
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Abstract

Objective: To explore the clinical significance and application value of the frontal QRS-T angle and
the Triglyceride-Glucose (TyG) index in predicting late recurrence after Radiofrequency Catheter
Ablation (RFCA) in non-diabetic patients with Persistent Atrial Fibrillation (PeAF). Methods: This
study is a single-center, retrospective cohort study. The clinical data were retrospectively reviewed
of 80 PeAF patients, who received RFCA for the first time at the First People’s Hospital of Chengdu
from January 2023 and December 2024. Patients were divided into a recurrence group and a non-
recurrence group based on whether they experienced a recurrence three months after the procedure.
General clinical data and relevant laboratory test results were collected for all patients. Preopera-
tive frontal plane QRS-T angle and TyG index were calculated. Univariate and multivariate Logistic
proportional hazards regression models were used to analyze the risk factors for late postoperative
recurrence in this patient population. The predictive value of the frontal plane QRS-T angle and the
TyG index for late atrial fibrillation recurrence was assessed using Receiver Operating Characteris-
tic (ROC) curve analysis. Results: A total of 80 patients were included, comprising a recurrence group
(n = 32) and a non-recurrence group (n = 48). Univariate analysis revealed that the frontal QRS-T
angle, TyG index, left atrial diameter, and fasting blood glucose were statistically significant (P <
0.05). Compared with the non-recurrence group, the recurrence group exhibited higher left atrial
diameter (42.48 £ 7.499 vs 35.58 + 5.199, P = 0.009), higher frontal QRS-T angle (96.69 + 53.708 vs
57.00 £ 46.652, P < 0.01), and higher TyG index (1.245 * 0.469 vs 1.022 + 0.474, P < 0.05). Multivar-
iate Logistic regression analysis showed that the frontal QRS-T angle [OR = 1.019, 95% CI (1.007,
1.031), P = 0.001] and TyG index [OR = 6.266, 95% CI (1.656, 23.715), P = 0.007] were independent
predictors for recurrence. ROC curve analysis indicated that the Area Under the Curve (AUC) for
predicting postoperative recurrence using the frontal QRS-T angle and TyG index was 0.824 (95%
CI: 0.733~0.915, P < 0.001). Conclusion: The frontal QRS-T angle and TyG index are risk factors for
late recurrence after RFCA in PeAF patients.

Keywords

Persistent Atrial Fibrillation, Frontal QRS-T Angle, Angle Triglyceride-Glucose Index, Catheter
Ablation

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

DOI: 10.12677/acm.2026.162591 1960

B
H
b
4
=S
pel


https://doi.org/10.12677/acm.2026.162591
http://creativecommons.org/licenses/by/4.0/

3k
¥4
%=
&

1. 5|8

{03 Bl Bf) (Atrial Fibrillation, AF) 2 ¢ WO IH, SERAATREF AR, H i 5 BiEsE a s
3300 Jifil, FHiTARK 20~30 X —H K EOUE E KA1 [2]. AR (b ELO g S Bk
5 2022) GeitIRE G EE B2 48 1N, BB B S pE S R KT, X EESZEANL
PEDIREMIEIRA J[3]. HH AF SIEMHE 2 E I RAE, WaEd, Mg, O, IAFITIRESE,
AT BEAR R (A TG &, B IR RS A5 B AL S S T 48[ 4], BN T At S — A A A
GEy7 I . AF 55 B2 Y i, BRSO 53 Bl (Persistent Atrial Fibrillation, PeAF) & 18 AF K AE &L
7 Ky HICHE EATIK R SR O — POV W [5]. PeAF 2 5300 b3 25 45 R0 » 4.0 b A IV
HEMT S A O 4P AL N, PeAF IBH H PEBE G Pl O = R AN =2, POt E N E, S5
O T EEE . DRI L G S I R o0 S5 B Bl (Paroxysmal Atrial Fibrillation, PAF) S K, HEAET- R Ak
e S8 5H5H @R (Radiofrequency Catheter Ablation, RFECA) AU 5 Bl sl ) — £k y6 97 F B, (HSEWHEAR
JEAH 35%~46% M R ZE[6]. P,  Qnfal FRARSHSTH R 5 5 B A, 72 BRI AR AR i e 114 i) i

AUH QRS-T JE Ay B T O ZARAI T, 2+ = S IR O L B 2 11 0 = AR AL A R AR AL
M e 7 A R[] BEAERF LR R, BUH QRS-T &/ > 907, 1] LAE MO 175258 Ko o URE BE 11 795
TR FR, HoC b5 Bl B A QRS-T Jeffy s T 1R % ANFF([8]. 16— IO Sk b B & AT 25 AR
WHoe, s BRI R A T A R A, LA QRS-T Je AT wE, O 5 Bish 8 K Bk
SR B I QRS-T KA W, XWMRH T HIMAYERRBRINME KRS QRS-T KMH—&
IR AR[9].

Ji 5 KT (Insulin Resistance, IR), &AL 4H M0 i 5 2 ) B 3R FRAR A — Rl BEPEIR S, S5AC 48
B AEFLC B S B ARG, A ALER, IR RIS 300 b5 (1 F S A NS5 R B A, Mgk s B & 2E[10]
H I = P %) B (Triglyceride Glucose, TyG)¥E4, HRI#A 2 —FHr . 23RS HT B A IR B —Fhis
bro WA AR MR = Be1H 5, E4EA B R T B E il =ER A E EE KK, TyG HAE fH 5 1
R, B RO L KR 11][12]. Rk, AHFFEHEE T4 QRS-T K MAM TYG %05 O I R
FHOGPER RN b, 3 — DR TUAAT B WA J5 B K (520

2. N EFE
2.1. FARKR

AN 2023 451 H 22 2024 4 12 H T AETT SR — NREFRAR R EE; O F>18 25 @ K& 2024
SRR 0 IE B2 (ESC) K AT I 55 B BEAE 7 HH i ibr i, S WRFFSEE BB E R, © F—XITH
BRI R . AR dE: © 2t . [UECVIEETE: @ FEE IR FRIE . @ BORASE
B, S0 ETOR RS A Hh =B SEE TyG e @ A s RE L ©® A
HONR; © AHFCEFE A SSCEREMNRE, HRWAEG < 146, —LgN 80 filEE, MRS
3N H R U RO 5y R R (32 ) FI R 52 R 4H.(48 ).

2.2. IIRERFERE

W B 1 — M E Bt . S MRE) . BEAR s GRE O B BEIR S R ). IR R
HIHRARHT FBG. MUVLEF JRER. Hil =F8. SAHERE, (K% E R OS8R, w7 12 SO0 H
Bl I A O Bl B R AL O B B A D FE AR, B A B B 3RS A O T R AR AE S I 43 B
£
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2.3. I QRS-T . TyG i#HitE

A QRS-T Je A it5: Mos i IR Hr 3R EL QRS Fli LK T 4l BAAK(E, 485 QRS M4 2 T H
L, RIS A R > 180°, MIFIH QRS-T JMZET 3607 Ik TS5 H13]; TyG 5505
ARy Wl =FEEE TR = Lo B (me/dl) x Hl =BE(mg/dl)/2] [14].

24. FEHMFRRME

BEAAEN T Z BT MERSHEM T OO, FHER, FRABEK, A SRS ik
Lot A A e IR B2 B AT S0 AR, YR 5 [BD R 2 R AT B Rl R 2 i, AN 2L B /255, AT Fel
B3Iz, W) 18] B 28 R SR\ J2 R P OUE Al R AIAT 76 b5 B A Al i, AR R R B LS
Tt AP R SRS » B 75 PR 0V L R R P ¥ i = R RO S ¥ i+ 7 55 TO TS 2 1 ¥4 ik LA % J B Box
AR Ao 5 AR N TSR A2 5 A AR N T AR CRe 3 R A ) AR At 1 R e e (e 75 K Bl
B D E R USRS RS . THRN TS, R A B A T R AL I B R A R . RS H RN
FRAY IR Bt 24 5 bk 69T 3 N, MRS CHA2DS2-VASC W43 BA K PAF 2R AEILUE 3 AN H 5 /2
TARERPUREATT s ARJE 1A H AR B 7 2R 3RO b B R R AR D IR AR 4R 3 4>
FIBEAR S 0 53 B B R 301 € I R A HUIR IR DD E

2.5. B

ARJIGEEDT 14, WEREHE 1. 3. 6 12 DA — N REEFE 0 ARH 12 13 A O A [ e 4
DL, R ER R ER AR RN — ek S EEMA)E 3 A REROEEE O siEls
VLo (55 1k L Bl i S R ) 58 SO s BRI R K. WRAEARSE 3 N H WAL K B3 RO HR T (O
PrEE s Al ) W SO AR AR, RS DA & R A%

2.6. GitFAE

KRG A SPSS 27.0 BTG M . BIERF S LA ARSI AR 1056, R R LS
K2 COX LB XU Bl VAR TR 43 b1 58 Y oA i s B R I FE G TR 2% dlk ROC #HZR /3 M il TyG F8%L
K QRS-T F Xt 8RR TG, F+RIFH 20858500 ¢ i Ik e . DL P<0.05 AZEFEF G
=
3. tARGR

1) ERHSKRERHFERINT . —JLghN 82 L, WIS kK& X NE RHn = 32)/M
KERM(n=48), BRERRSNERASKERAEER . R, BNP. EOEFFKAWER. LR
M5B H i = Re S 2 R gt 2 (P> 0.05), BRHASKRE RHAELOHEER. QRS-T #.MA. TYG
FRBUR A W MR 2 57 424 2 (P < 0.05), WL 1:

Table 1. Comparative analysis of general clinical data between the recurrence and the non-recurrence group

* 1. ERESRELE—RIGKRERBLLR 2

HRH KRERHA
A ty/Z 15 P1H
(n=32) (n=48)
R 66.75 +10.176 66.17 = 10.906 -0.172 0.864
TH(5) 20 (62.5%) 22 (45.83%) 1.156 0.567
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o L ()
O ()
LVEDD (mm)
77,0 5 1l J 4% (mm)
LVEF (%)
BNP (ng/L)
QRS-T 3£
Hih =6 (mmol/L)
22 Ji 1L (mmol/L)
TyG 644

24 (75%)

20 (62.5%)
47.28 +4.327
42.48 +7.499

61.5938 £+ 8.4733
531.66 + 897.356
96.69 + 53.708
1.5184 £ 0.700
5.124 +£0.836
1.245 +0.469

26 (54.17%)
26 (54.17%)
36.92 +£3.82
35.58+5.199
63.8542 £ 6.274
374.66 + 880.124
57.00 + 46.652
1.2942 + 0.541
4.718 £0.821
1.022 +£0.474

0.031
1.179
0.397
2.690
—-1.370
0.777
3.508
1.612
2.151
2.080

0.860
0.278
0.693
0.009
0.175
0.439
<0.01
0.11
0.035
0.041

7¥: LVEDD = ZOFEAFKAMING, LVEF = AOFES M4, BNP =B BFL, TyG 1530 = Hl=Hawi%i5

R%L.

2) ZHE Logistic B Hr: REELIZR 04 oA 2 7 IR FRREAT 2 AR Logistic AT, 4R E

NI EAR . QRS-T KM TyG FEEURFFENMEO L BIa) B B AR 5 3 A ZE R IR FEER
(P <0.05), W% 2:

Table 2. Multivariate logistic regression analysis

5% 2. %EZE Logistic [EYA95#r

TR B Sx Wald o2 {8 OR 1H(95% CI) P
s BER 0.107 0.050 4.679 1.113 (1.010~1.227) 0.031
QRS-T £ 0.019 0.006 10.141 1.019 (1.007~1.013) 0.001

TyG 53 1.835 0.679 7.303 6.226 (1.656~23.715) 0.007

3) QRS-T F A TyG F8EU4T PAF B3 RFCA A J5 & & F L EE /7 #t ROC #hZk 5 #r 7R, QRS-
T Je A TyG FEETIIN RFCA AR5 PAF &k M AEEBME N 8.50, REUEN 80.2%, FEFEN 90.1%,
AUC K 0.824 (95% CI: 0.733~0.915, P < 0.001), W[4 1:

Lor ROCHhZ

0.0 0.2 0.6 0.8 1.0

0.4

1-Hf 51
Figure 1. ROC curves for the prediction of atrial fibrillation recurrence by the QRS-T angle and TyG index
1. QRS-T RAM TyG 1M FNFHE % H) ROC HiLk
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O D B2 i WL B O RS, DB IO D)3 vl I 26 rp O JUUATE BB 55 22 P e AR P XL
W, AMBEICEE AR, BN BE LT A 2 A TR R S48 15]. R, nsic s
HAAN R R B R R B, A A B0 B A R AT I RRE SR U, A0 s B (T
FARAPIETT LA B . (2020 RO IE 5 220 5 B 2 W S B e ) F 6], SEH
R A 2 e 7 A M KOO B B8 AR SRR T 5 B, T X 5 A A DR 2 DA B D R s B 4R AL >R BEL BT 5
Bl ST 26 T BRSO B B, A RS YT IR S e Tt s B 16]. (HE2 W T
PeAF 20 B3 R (I TA8,  BRal (R BRI K b B & b B BN FH A R, S8 E R R M. Bk, B
7 RFCA SRBS ek, SRib.O 8 a6 R R A B+ S 2,

WAV FORIN,  FFEEE O 5 BN S8 TH A J5 BB IS R L) 40%, /o0 b5 AR B QRS-T
FfF TyG FREORFRLLME O 5 B8 34 A S5 BV R AR RIR R, B RA/KPHE T RE KA,
it % &K Logistic A3 Hr, 72055 EAR. QRS-T KMA TyG Ha¥02 B EIA G KL BRI &, kg
D EE ARG AT e K. ROC #hZRHAESE 1 3464 QRS-T KM TyG e ¥t PAF &k
FIFRMANE, AUC M 0.824 (95% CI: 0.733~0.915, P < 0.001), 7 #50EE Fl4F 5 BE 70 551 80.2%F1 90.1%.

TAVBE VTR0 5 B R 5 1) 80 4 /5, ARAEIREI I EH O HE. 24h 3800
K2y 40% 5 Kk, H5HAMSFEHEMAFTT L) 30%~50%K 2 R AL 17]-[20]. B R L, 44 LVEDD
$4 K I LVEF [#fik 2> 3200 b5 Bia) B3 SHH R R J5 2R @ [21]-[23], (HAFRA RIS R, 455
ARG &, PTRE AT AR AR E .

ARG R DR, ERASKRERAELOHEATERIEZERG G FE (P < 0.05), HERAR
Fet i EAR W R K T-(42.48 +£7.499,35.58 £ 5.199, P=0.009) . 7341 R K2 22 Lo 5 47 K RIS, 5 B WL 4
DIee b l, SEOHE KL T SERAAPRE, MO EIdiMg R, OB RE, (2R 17 OIA4E
HIR A, FECG b WASERBAL IR B S B [24], BT E00 b5 K EM M BN, X —d
MO SR, SRR, SESEHMAEERET 5.

AT QRS-T I A1 AT 20 s Wt H o0 = LA /2 B W RT B AR ST FA) 1) 0 2R, ARER O 5 LA L 35 4 FELYS
2, A OURMERAE O A O S5 S A BB T A A — NS TR FR([25] . FRATHIBE L 45 R
RIBER 5 R A QRS-T JF£H(96.69 +53.708, 57.00 £ 46.652, P< 0.0 )M B K T RE KM, L4E
TR QRS-T K2 HEAGE KM GRINZE, HABK, REERFME. IO #E
QRS-T A THIN i ik S e M) 24 4 52 A B T s 0o B BB Eh (1 B2 R W 7T 45 R [9], AER R4 R A
L#L, RIS 2 %0 QRS-T 31 B 2 THE(P <0.001), X 5IRATIAT FEAH A, iR 5850 & BUAR IR QRS-
T > 90° B3 5 BiE R 3 03 w T A QRS-T < 90° 3, Z A&/ i oA QRS-T &5 K M5 Hi
FHTRIFEFR . Kaya Ozen [26]Z0F 70 B & BL, il QRS-T AT AT Fiill b5 B A s o 5 i AR k. T
725 I QRS-T KM 5 OIS @i KABESEA X, OIS FRELEFEREROCESRI.
OESWMTESFEEAX, OEEWRRTESFEOOHE RS, R B [ 10 55 E AL,
SOOI, X2 MO O R ORI SR EE27] [28].

IR AW LEAE W PRI AT SO R (1) L [FRRAE,  HORO B B RFCA AR Ja &K AT fa 6 R R
[29]. IR sZM P B K AT RE S LAl R ENURIAE DG e 50 NI4eM N AR ITRE AN TG A5 “ LIRS
PE” LR R R E B RIS IR 240, T BRAC T A AT AR O LA RN R A 2 OSBRI =
NP PG BT AR . D5 B S I B N TR 5O LR B 1 A0 S B2, AR ML 5 B0 5 45 )
I EEA, S G MR [30]. TKEMFAER, TyG fEEUE M IR BB B iabr, AT DUE fFih &
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RN S

IR P AT, RFEHPAL RO O S FE I SR I XU [31] [32]. FRATHIRF 7L Eon B R4 TyG
e TR R 4(1.245+0.469, 1.022 £ 0.474, P <0.05), H TyG #¥U2 EEIAREE KGR E, HY
fok, HRFRME, AWRE Tang 25[33)0F R4 RERESE TR E R TyG 1855 B JRI% PeAF 8 AR5
oIS R B DIAR DG . Ik, PIRIA TyG S880TAS OB BB G R KR, J FAHTAH DG T A 34 e

5. &g

LR LR, FREAROEEE S EHMAS EERINE BRI E KR, TREeR TR, HIf
FOME AT FAR AT B B AR S BT gl DRI BRA T 7 2 H i OV IR RN o B KT (4
QRS-T AN TyG #5402 RFCA MR RSERIN R, MbATEIR AR AR 7 53R, o S8 oA 5 53 B
WS R BA —E R INAME . K, X T80 QRS-T KAM TyG 458 = 13 TR R8s
BUEE, NSRRI RO SEE VT, DUR TR B R

B FAFAEE 0 RIRYE, E5G, AU TN BB AR IR 7T, FEARRD, HEEUdfEd,
P BE ARG T SRR — 300 KA 24 h B0 HEIEE BRI, HUEmEA I 7 4 K
FEBNA O LU B RAEA AL A, ATRE S EUR AT FK, AWFTUE S LG I E AT QRS-T MM TyG
TR UL TIE TS QRS-T KA TyG FREUK- a2 ME L. I, 5 IRt — P ERERREV, 37
RNHANEE, #E— BV QRS-T KM TyG F5HUK-F RN [ 2L

B
ASSORAT AR T PE BR 4l A R Be (RCAR T 55— N REEBOB B R Sy 2 fibife, (Ffib5: 2025 4F YNYT 25
078 ), BELIEZMIEFRZEA.
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