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Comparison among different predictive scores for recurrence of atrial
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Abstract Objective: To explore the independent risk factors related to the recurrence of atrial fibrillation after
radiofrequency catheter ablation(RFCA) and establish a Nomogram model to compare it with several commonly
used predictive scores. Methods: A total of 574 patients with atrial fibrillation(AF) who underwent RFCA in the
First Affiliated Hospital of Soochow University from January 2018 to January 2020 were retrospectively enrolled.
The baseline data, serological data, echocardiographic data, and 24-hour dynamic electrocardiogram before surger-
y were collected. All patients were followed up for 12 months, and the recurrences were recorded. Logistic re-
gression in the R program was used to analyze the independent risk factors of recurrence of atrial fibrillation after
RFCA, and a Nomogram model was constructed. The calibration curve and receiver operating characteristic
(ROC) analysis were used to validate the efficacy of the Nomogram model, and the Z test was used to compare the
efficacy of different models. Results: Compared with the non-recurrence group. patients in the recurrence group
had a longer course of atrial fibrillation, a higher proportion of persistent atrial fibrillation, congestive heart fail-
ure, stroke/transient ischemic attack(TIA), and early recurrence of atrial fibrillation(ERAF). There were signifi-
cant differences in estimated glomerular filtration rate(eGFR) ., CA125, left atrial diameter(LLAD) . right atrial di-
ameter(RAD), and pulmonary artery systolic pressure between the two groups(all P<Z0. 05). Multivariate Logis-
tic regression showed that LAD>55 mm(OR =5. 030, 95%CI: 1.353—20. 035, P=0.017), eGFR<{60 mL
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min ' ¢ (1.73 m*) ' (OR=3.104, 95%CI: 1.530—6. 232, P=0.002), ERAF(OR=6.521, 95%CI : 3. 660—
11.821, P<C0.001), congestive heart failure(OR = 4. 350, 95% CI: 2.404—7.946, P <(0.001), stroke/TIA
(OR=2.440, 95%CI : 1.265—4. 644, P=0.007) were independent risk factors of atrial fibrillation recurrence
after RFCA. A Nomogram model was constructed and the ROC curve revealed that the area under the curve
(AUC) was 0. 737(95%CI ; 0. 682—0. 785), the cutoff value was 63. 9 points, and the sensitivity and specificity
were 0. 678 and 0. 738, respectively, which were superior to CHADS,, HA,DS,-VASc, HATCH, APPLE, MB-
LATER, and CAAP-AF scores(all P<C0. 01). Conclusion: The Nomogram model constructed based on the R-Lo-

gistic regression has a moderate efficacy to predict the recurrence of atrial fibrillation after REFCA, which is helpful

to guide clinical diagnosis and treatment.

Key words atrial fibrillation; radiofrequency catheter ablation; recurrence; Nomogram model
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Table 1 Comparison of baseline data between non-recurrence group and recurrence group

'fﬁu(%) SM(Q,,Q3) s x £

it H KE KU 422 f) 5K (152 i) P i

— Ji% I IR B Ak
FE 257(60.9) 86(56. 6) 0.352
AR/ % 61.34(56.00,68.00) 62.51(57.00,70. 00) 0.149
BMI/(kg*+ m ) 24.98(23.01,26. 66) 24.96(23.04,26.77) 0.752
W46 /mmHg 127.94+15.76 126.11413.61 0.173
# ik JE/mmHg 78.95410. 71 78.52410. 90 0. 669
s i A / 34.70(3.00,48.00) 49. 48(9.00,66. 00) 0. 000
W S Pk s B 277(65.6) 79(52.0) 0.003
Rrg b s B 145(34. 4) 73(48.0) 0.003
ERAF 29(6.9) 49(32.2) 0. 000
1o IR 248(58. 8) 87(57.2) 0.743
Fo M O T 37(8.8) 39(25.7) 0. 000
W R 45(10.7) 21(13.9) 0.284
figi A< Hr / TIA 37(8.8) 27(17.8) 0.003
5 Jok ok A A Ak / A1 T i A5 9 AR 38(9.0) 19¢12.5) 0.217

S B A A
F4afE/(<10° « L™ 5.88(4.72,6.77) 5.73(4.60,6.65) 0.435
PRI AIAE /(X 10° - LD 3.36(2.46,4.00) 3.32(2.49,3.90) 0. 855
MLsEH/ (g L7H 139. 84+16. 52 139.65+15.42 0.903
Z120 M 53 A7 SEBE/ U6 12.78(12.20,13. 20) 12.96(12.20,13. 30) 0.237
ML/ (X107 « L71) 185.34453. 34 181.31452.56 0.237
BWEEAR/ (UL 24.07(13.90,29.70) 25.19(15. 88,30. 93) 0. 205
BELEAM/ (UL 21.97(16. 60,24. 55) 22.35(17.38,25.75) 0. 204
Y- MRS IKEG /(U - 17D 35.78(18.05,43.90) 41,22(19.78,48.53) 0. 201
HEHA/ (g« LD 42.4243.62 42.4643.69 0. 888
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=] KE KA 422 5 52 % 40 (152 1) P i
EREM /(g LD 26.57(24.00,28. 80) 26.56(23.88,29.13) 0.809
eGFR/[(mL * min~' + (1.73m?) '] 93.57(74.72,110. 36) 87.85(68. 64,104, 96) 0.018
JRER/(pmol « L™ 1) 346. 98(287.75,407. 15) 368.10(283.70,427.93) 0.054
B B/ (mmol « L71) 4.3740.934 4.3340.98 0.672
H =5/ (mmol « L™1) 1.62¢1.01,1.92) 1.76(1.00,2.00) 0.719
155 % IR 2 (1 IR [ A%/ (mmol « L) 1.12€0.91,1.29) 1.14€0.94,1.27) 0. 829
{1 %% B2 B AR A B [ B/ (mmol « L™1) 2.5140.82 2.4440. 83 0.392
T3/(ng » mL ") 1.07¢0.91,1.20) 1.04(0. 88,1.16) 0.272
T4/(pg « dL7H) 7.77(6.75,8.70) 7.71(6.40,8.78) 0.520
FT3/(pmol « L") 4.65(4.14,5.10) 4.53(3.99,5.08) 0.135
FT4/(pmol « L") 17.23(14.89,19. 28) 17.31(14.91,19.59) 0.758
TSH/(mU - LY 3.20(1. 74,3.92) 3.99(1. 83,4, 63) 0.112
AFP/(ng » mL ") 2.80(1.93,3.28) 2.84(2.09,3.52) 0.337
CEA/(ng » mL ") 2.56(1.55,3.23) 2.61(1.56,3.67) 0. 347
CA199/(U » mL™") 6.42(2.55,8.46) 5.60(1.97,7.29) 0.112
Fer/(ng *+ mL™ ") 214.24(114. 87,259, 87) 253. 86(109. 90,298. 28) 0. 831
CA125/(U » mL™ ") 15.78(8.10,14.70) 17.93(9.98,18.63) 0. 006
CA153/(U » mL™ 1) 9.95(6.53,12. 80) 9.57(5.50,12.08) 0. 085
O Bl R 4 AR
LAD/mm 42,6945, 22 44,9945, 83 <20. 001
e IR TN AZ/ mm 49.08(46.00,52. 00) 49. 41(46.00,52. 00) 0.719
EBEWAARINNE/ mm 32.72(30.00,35.00) 33.43(30. 00,36.00) 0.499
LVEF/ % 0. 61(0. 58,0. 66) 0.60(0. 57,0. 65) 0.218
RAD/mm 38.8(35.00,42.00) 40.58(35.00,45. 25) 0.003
Hiti 8 ke 46 e/ mmHg 27.07(23.00,30.00) 29.1(24.00,33.00) 0.012
A O FE AR 5 AH SCHE AR
SDNN/ms 142, 42450, 47 142. 58456, 58 0. 986
SDNN Index 90, 27453, 57 88.71453. 62 0. 866
rMSSD/ ms 58.86433. 09 55.64432.76 0.572
pNN50/ % 32.17(6.75,58. 25) 29.82(5.50,56. 00) 0. 630
=MARE 25.1149. 65 23.67410. 59 0. 397
HF 1232.77(145. 80,1881. 60) 1126.28(143.45,1729.93) 0. 639
LF 794.49(234. 93,1066. 50) 748.71(239.75,973. 65) 0. 821
VLF 710. 06(367. 55,953. 20) 696. 2(319. 15,959. 95) 0.628
H 25 1
Fl kb PE 96(22.7) 37(24.3) 0.690
Ik B A e 296(70. 1) 98(64.5) 0.197
RPN 27(6.4) 17(11.2) 0. 059
e A 279(66. 1) 106(69. 7) 0.415
B 52 A BHL s 711 199(47.2) 78(51.3) 0. 379
& % i R 52(12.3) 27(17.8) 0.095
TR PR 2y 153(36.3) 63(41.4) 0. 257
ACEI/ARB 151(35. 8) 63(41.4) 0.216
W45
CHA,DS, 1.02¢0.00,1.00) 1. 41(0.00,2. 00) 0. 003
CHA,DS,-VASc 2.09(1.00,3.00) 2.64(1.00,4.00) 0. 002
APPLE 1.3€0.00,2.00) 1.74(1.00,3.00) <20. 001
CAAP-AF 4.7342.18 5.82+2.35 <<0. 001
HATCH 1.05(0. 00,1.00) 1.58(0.00,3.00) <<0. 001
MB-LATER 1.67(1.00,3.00) 2.3(1.00,4.00) <<0. 001
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Table 3 The Nomogram scores

i, % LAD fl eGFR #EAT 73 68 /e 2 J5 >R T R 2 (EE)
TFEd Logistic [ 347 2 [ % 43 #7 . 42 5% LAD )
>55 mm,eGFR<{60 mL * min ' « (1.73 m*) ', LAD>55 mm 88.7
ERAF . 35 M PE.0 F1 32858 izt /TIA &y RECA & 50 mm<<LAD<(55 mm 26.8 —
5 s B 42 % 9 0l Sy S B I (B P <<0.05), 1L 45 mm<LAD<50 mm 20.6
*£2, 40 mm<<LAD<(45 mm 14.7 0
ERAF 100 0
#2 EBERFCARE | £EXHZEE Logistic LA T 69.3 0
343 47 eGFR<60 mL * min ' + (1.73m?) ' 60.5 -
Table 2 Logistic regression analysis of recurrence after 60 mL * min ' + (1. 73m*) ' <{eGFR A 0
RFCA in one year <90 mL ¢ min~ ' ¢ 1. 73m?) !
5ES B OR(95%CI) P ki 2 R/ TIA 37.1 0
LAD>55 mm 0.044 5.030(1.353~20.035) 0.017
ERAF 1.875 6.521(3.660~11.821) 0.000 T . . =
FEMLAE > Sy 598 1.470  4.350(2.404~7.946) 0. 000 0.8 e
¢GFR<(60 mL * min !
- 1.133  3.104(1.530~6.232) 0.002
i % / TIA 0.892  2.440(1.265~4.644) 0.007 osk
2.3 Nomogram F5 8 i) 7 57 5 5 F g
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Bl Sl b, TR W ERA | —EERE
Nomogram &L, LI XK (H 4 2 ROC i £k, 15 i _ - AR
Nomogram B i1 2% F H L (AUC) 3 0. 737(95% T . . .
CI:0.682~0.785), R HE K 0.678, 45 5 FF O oo o8
0. 738 FLAT B WO B By . 490 £ B 1R 32 K ° o
FARE B0 3) 5 LB AR R 0. 412, 4550 A 2 T RFCA /5% 8 8 % #9 Nomogram 1 £ 9
{H 63.9 4y, Ll H A4 6 A% WA ROC #h Calibration # £
&R Z KBS Nomogram R AT L A, Figure 2 The calibration curve of the Nomogram model
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EHTIA % o 0.6
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Figure 1 The Nomogram model to predict recurrence after RFCA

Figure 3 The ROC curves of the Nomogram model and

6 commonly used scores
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Table 4 Z test between 6 commonly used scores and the Nomogram model

Wy AUC 95%CI AL R S B P  5#i% Nomogram H.
CHA,DS, 0. 580 0.521~0. 634 >1.5 0. 384 0. 785 0. 005 <20. 001
CHA,DS,-VASc 0.586 0.527~0. 636 >3.5 0.303 0. 822 0. 003 <20. 001
APPLE 0.610 0.555~0. 659 >1.5 0.589 0.579  <<0.001 <20. 001
CAAP-AF 0.638 0.581~0. 687 =6.5 0.414 0.794  <<0.001 0. 008
HATCH 0. 600 0.544~0. 655 >1.5 0. 425 0.775  <<0.001 <20. 001
MB-LATER 0. 609 0.551~0. 660 >1.5 0. 603 0.577  <<0.001 <20. 001
3 itig UE S, X F A IF 0 1 5 v 1Y) s B BB, H232 RFCA

RFCA J5 F7 B2 & 1 9 B AE BAIL ) o oK 52 4
a3 I 7T = -l =1 I < N O IR 7 AR I i
ERAF % KEEARE 1~3 A W80 15
W17, 40% ~60 % AT FEAR TG 1 JE 880 2 i 2% . ik
A ERER L AN RERGEIE. Wil-
lems 25 HF 58 % W, RFCA J§ 1.2.3 M A E L1
BET, A 37.4%.63.6%.92. 2% [ R H H
WT 1R K, ik K4 ERAF B & &
22. 8B T 1 AEE K& (P <<0.001), iE5E T
ERAF Fl1HE ] 5 8 52 % (LRAF) [a] /Y 38 A 56 1 .
Das %W (55 ik — 2 £ W ERAF 5 fili # ik &
AR S EERLAMEH. AR R AT E %
FINTTH) LRAF B9 EZHLHIT . A5 574
MBI 78 B (13. 6 %) B T ERAF, H H 49
B (62. 8Y ) LT LRAF, Z N K/ #rth B/R ER-
AF(OR =6.52,95%CI :3.66~11.82,P =0.002)
5 RFCA 5 BUE EMSr MG, Ft, & &/ E
B XARJF 90 d*2s (A7 s AR 5 F RO
AR H YR IT BT R R — W5 LU IE .

HHET AR T Z N A B K5 b B & 9%
ME LA FVKR P KD 5510 L% 5
AL S, HoAE A £ B 00 2500 il i Tk PO
AR FH 8 M 0 sh R B LAD J2: 16 PR 18 L
B VEA o AR A2 s RN T 5L B A B
fRT 1 5y 75 1Y 5 5, Berruezo M BF Y & ¥ LAD
& RFCA J5 5Bl & Wl s fE s &% (OR =1. 1,
95%CI:1.05~1.19, P <C0.001), A 1 BA[H %
AHT R LAD fEW A B A MR %227, 2
K 2 Logistic MIHE78 LAD>55 mm J& RFCA &R
J&i o B K ST 5 B R (OR =5. 030,95 % CI
1. 353~20.035,P=0.017),

Hy 0 ) 3 0 D B B A AL R B fa B &R L
i IR A DR S eE Lo e B TR e 8 A Y T A 3
FERTAEAEME LABA o IR E R, 0 J) 0 5 8055 i
AL ] 65 0 P R T P 0 45 A8 B R | R E 4R Ak
UL B i 2 A AR AR S T s B B0 0 Bl o L 0
T WSCAR AN DM L0 25 AN R DU R R 1 0 LT 4
R RIRE 25 & SO 0 ) 226 . ARC-HF 5%

BITRRAR TR F VI E B AR AN KA OF R e
Bz st . Marrouche %51 JF Ji& () — 10T BE AL
RIS BoR , 529 WIR T A, A IR0 T il
B 8 BB E 252 RECA IR YT J5 98 58 3R AL ) 3 v 15
A B 2 B L B AIG . ELC T RE RN AR 36 BT A5 3 T ek
. R AR PZHRE S BxR, 50N E
vy I o B AR A T O ) s I R R R B R
BB 4. 35 £, X F XK EHE . RFCA 1 &
A gk [IREE Bl 25 0 &2 & KURS: L AT B #E 47 RFCA 3R
57U M BT AT 2 R RFCA 2 — M3 88 58 1 i
L, [RVRE M B R A5 b/ TTA R AR 2 3L W fa 16
P2 A 45 & 0 Fe L OB% R s L AR =75 & 22 B I
e S Bk A . ARWFs s 2 W& [ BoR L BE
FERCHR/TIA 0] Bl Sz B0 RECA J5 i 8i & % (OR
=2.440,95%CI :1. 265~4. 644, P =0.007)

AL HE 5 M ik B8 e GFR<<60 mL -
min~! + (1.73 m?) ' & RFCA J5 B Ei & K& W7
e N &, R ER, G2 5% S TR A 20 b
BEEGHRAEGEN., BURALY, SHAEE
1 gy 38 A AR AR I SN B R AR M R R B R
D €F Ak, 0 0 5 41 20 A FT L EE AT Deng
SRS R B TE B ELA JF eGFR=90.60~89 .45
~59,<<45 mL * min ' ¢ (1.73 m*) ' AR,
RFCA Jg Bl 2 & F 545 5 h 11.5%. 29.3%.,
72.0% 1 93.3% , HZ WK 5 #i ., eGFR & RF-
CAFHBE RN ERmEE ., AFRE KM
KB RAA 27 B (17.76 %) .43 4] (10. 19%) H
#% eGFR<60 mL *» min ' + (1.73 m*) ', HZHZE
[ JHIF 5L eGFR<<60 mL * min ' » (1.73 m?) ! &
RFCA J& 88 ks iR % .

CHADS,. CHA,DS,-VASc, HATCH. AP-
PLE.MB-LATER. CAAP-AF iF 4% # ¥ iF 52 %}
RFCA J5 b Bl K& A N R F2 0 TR a8 17, it
Hh  Wojeik S —IF- B BE U] R 24 A~ A 1Y
5 HE S8 ALRMEc $F 48 (B B ZE R 20 i K
INCE I REAS A AR R G AE O LD BT E0I RF-
CA GBI E &K (AUC=0.657,95%CI ;0. 584
~0.729, P <C0.01), Canpolat ZE" #& i} BASE-



BRI K 45 O o B 8l S AR RO S A2 6 A [) U 3 B L B K Nomogram 58 i 4

e 1132 « GU Yiyu,et al. Comparison among different predictive scores for recurrence of atrial fibrillation . . .

AF, P4 (BMI>28 kg/m* ,LAD>>40 mm . W 4,
ERAF . b5 Bitfi 2 = 6 4F AR B Kk s B =3 70 2
RFCA J& b5 Bl 5 & 09 57 f& | I 3 (HR = 3. 34,

95%CI :2. 34~4.76,P<C0.01) . ABF5TH F#4

FELBAE A A R IE S PRI RS0, R 6 A

PR RGEAEAT B L s H RFCA J5 B B 4 &

YA — 5 T LA U A 6, (H R PR AR,

ASCHE — A Nomogram #EAL, il i 2B A

PR 20 B DA B AU (A B AR B S 3 4 2R %

B R BORT 63. 9 70 B B B O RECA AR5

SRR A N 1B B O B i T S

FIRE R . ROC Mk e Z K56 Wos HAE PP Al RF-

CA J5 b3 B S X 77 1 B A A
AR SCELN R WS R B B B I o B P A

WI2H 8] 22 SeAF e ge it 2 8 L AHZ IR Logistic 41

Frok Bonge it W v, B 2% G K PP AG 5 B

FEZ NGB W ZOKG B0 e PR TE 418 #50AR SCRORE B M

FHY AN Nomogram F 8, A W 58 47 7F — & J7 R

PE T 5E WEFE O BB 5T LU, Rk — 2B g A

AR R A REE R JE AR ORJF R R (2K

Py BRZE A 5 O R0 L AR AR A i A3 AT s i s AX

KM 12 SEOOHE & 24 h 37350 B PEA

BE AT RAFAE—JE Jry BRAE AR SR A rh Al 2%

R BT S0 S ASC LA B 4 T M 0 A8 5 R s v A

Zi I+, 1% Nomogram & # X} RFCA J& 5 8l & K& X

W B A S5 KT T S8 RE L RETE — 8 B BE Ll B I

RIZIT R

5% ik

(1] RICTH L BRIE 2. (2020ESC/EACTS U Fi 8 80 12 Wi 5
B R P ) SR AR 3 (). W PR O i B 2% AL 2020, 36
(11):975-977.

[2] Calkins H, Hindricks G, Cappato R, et al. 2017 HRS/
EHRA/ECAS/APHRS/SOLAECE  expert consensus
statement on catheter and surgical ablation of atrial fibril-
lation[ J]. Heart Rhythm,2017,14(10) ; e275-e444.

[3] Letsas KP, Efremidis M, Giannopoulos G, et al.
CHADS2 and CHA2DS2-VASc scores as predictors
of left atrial ablation outcomes for paroxysmal atrial
fibrillation[ ] ]. Europace,2014,16(2) :202-207.

[4] Jahangir A, Murarka S. Progression of paroxysmal to
persistent atrial fibrillation factors promoting the
HATCH score[J]. ] Am Coll Cardiol, 2010,55(8):
732-734.

[5] Kornej J, Hindricks G,Shoemaker MB, et al. The APPLE
score: a novel and simple score for the prediction of
rhythm outcomes after catheter ablation of atrial fibrilla-
tion[ J]. Clin Res Cardiol,2015,104(10) :871-876.

[6] Potpara TS,Mujovic N,Sivasambu B,et al. Validation
of the MB-LATER score for prediction of late recur-
rence after catheter-ablation of atrial fibrillation[]].

Int J Cardiol,2019,276:130-135.

[7] Winkle RA, Jarman JW, Mead RH, et al. Predicting
atrial fibrillation ablation outcome: The CAAP-AF
score[ J]. Heart Rhythm,2016,13(11):2119-2125.

[8] Willems S, Khairy P, Andrade ]G, et al. Redefining
the blanking period after catheter ablation for parox-
ysmal atrial fibrillation:insights from the ADVICE(a-
denosine following pulmonary vein isolation to target
dormant conduction elimination) trial [J]. Circ Ar-
rhythm Electrophysiol.2016,9(8) :e003909.

[9] Das M,Wynn GJ,Morgan M,et al. Recurrence of atri-
al tachyarrhythmia during the second month of the
blanking period is associated with more extensive pul-
monary vein reconnection at repeat electrophysiology
study[ J]. Circ Arrhythm Electrophysiol,2015,8(4):
846-852.

[10] Mujovic NM, Marinkovic MM, Potpara TS, et al.
Catheter ablation of lone atrial fibrillation[]]. Curr
Pharm Des,2015,21(5):591-612.

[11] Njoku A, Kannabhiran M, Arora R, et al. Left atrial
volume predicts atrial fibrillation recurrence after ra-
diofrequency ablation: a meta-analysis[ ] ]. Europace,
2018,20(1) :33-42.

[12] Berruezo A, Tamborero D, Mont L, et al. Pre-proce-
dural predictors of atrial fibrillation recurrence after
circumferential pulmonary vein ablation [ J]. Eur
Heart J,2007,28(7) :836-841.

[13] Carlisle MA,Fudim M, DeVore AD,et al. Heart fail-
ure and atrial fibrillation, like fire and fury[J]. JACC
Heart Fail,2019,7(6) :447-456.

[14] Jones DG, Haldar SK, Hussain W,et al. A randomized
trial to assess catheter ablation versus rate control in
the management of persistent atrial fibrillation in
heart failure[ J]. ] Am Coll Cardiol, 2013, 61 (18):
1894-1903.

[15] Marrouche NF,Brachmann J, Andresen D,et al. Cath-
eter ablation for atrial fibrillation with heart failure
[J]. N Engl ] Med,2018,378(5) :417-427.

[16] Fohid. AL . XFH. & BHEHERALE 5.0 HEE
BESEMBMAEERM R WAKREZ, 2018,
58(17) :16-19.

[17] Deng H,Shantsila A, Xue Y,et al. Renal function and
outcomes after catheter ablation of patients with atrial
fibrillation: The Guangzhou atrial fibrillation ablation
registry[ J]. Arch Cardiovasc Dis, 2019, 112 (6-7);
420-429.

[18] Wojcik M, Berkowitsch A, Greiss H, et al. Repeated
catheter ablation of atrial fibrillation: how to predict
outcome? [J]. Circ J,2013,77(9):2271-2279.

[19] Canpolat U, Aytemir K, Yorgun H,et al. A proposal
for a new scoring system in the prediction of catheter
ablation outcomes: promising results from the Turk-
ish Cryoablation Registry[J]. Int J Cardiol,2013,169
(3):201-206.

OlkcA5 B #7:2021-07-103% = B #7:2021-09-17)



