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Purpose: This study aimed to develop and validate a risk nomogram model for predicting the risk of atrial fibrillation recurrence after
radiofrequency catheter ablation.

Patients and Methods: A retrospective observational study was conducted using data from 485 patients with atrial fibrillation who
underwent the first radiofrequency ablation in our hospital from January 2018 to June 2021. All patients were randomized into training
cohort (70%; n=340) and validation cohort (30%; n=145). Univariate and multivariate logistic regression analyses were used to
identify independent risk factors. The predictive nomogram model was established by using R software. The nomogram was
developed and evaluated based on differentiation, calibration, and clinical efficacy by concordance statistic (C-statistic), calibration
plots, and decision curve analysis (DCA), respectively.

Results: The nomogram was established by four variables including left atrial diameter (OR 1.057, 95% CI 1.010-1.107, P=0.018),
left ventricular ejection fraction (OR 0.943, 95% CI 0.905-0.982, P=0.005), type of atrial fibrillation (OR 2.164, 95% CI: 1.262—
3.714), and systemic inflammation score (OR 1.905, 95% CI 1.408-2.577). The C-statistic of the nomogram was 0.741 (95% CI:
0.689—0.794) in the training cohort and 0.750 (95% CI: 0.670-0.831) in the validation cohort. The calibration plots showed good
agreement between the predictions and observations in the training and validation cohorts. Decision curve analysis and clinical impact
curves indicated the clinical utility of the predictive nomogram.

Conclusion: The nomogram model has good discrimination and accuracy, which can screen high-risk groups intuitively and
individually, and has a certain predictive value for atrial fibrillation recurrence in patients after radiofrequency ablation.
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Introduction

Atrial fibrillation (AF) is the most common cardiac arrhythmia in clinical practice, affecting more than 35 million
individuals worldwide annually.! Atrial fibrillation is associated with a high incidence of stroke, peripheral embolism,
and mortality, which aggravates the health and economic burden on both family and society.”

Radiofrequency catheter ablation (RFCA) has been widely used in treatment for atrial fibrillation,* but the high rate of
recurrence after RECA remains a significant clinical problem during the postoperative follow-up period.” Various risk
scores for atrial fibrillation recurrence have now been identified, but the discriminatory ability of these scores is highly
variable, and there are no widely used models to quantitatively predict AF recurrence in patients after RECA.® Mulder
et al compared ten previously described risk scores for atrial fibrillation recurrence and found that CAAP-AF score,’
established by Winkle et al, demonstrated better predictive ability for AF recurrence than the other scores.® However, it
remains a challenge to make reliable discrimination whether patients with atrial fibrillation will recur after RFCA.
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Inflammation plays an important role in AF, which can lead to atrial electrical remodeling and structural remodeling.’
Systemic inflammatory status was closely correlated with AF recurrence.'® However, few previous prediction models
integrated with the inflammatory indicators to predict AF recurrence. The systemic inflammation score (SIS)'' was
developed by Chang et al as an index to evaluate the intensity of systemic inflammatory status, and it may be useful for
the prediction of AF recurrence.

This retrospective study analyzed clinical data from AF patients after RFCA in our cardiology department.
Independent risk factors for AF recurrence were identified by univariate and multivariate logistic regression analysis.
The aim of our study was to develop and validate a nomogram model for evaluating the risk of AF recurrence in patients
after operation so that physicians can intervene in high-risk patients early and reduce the rate of AF recurrence after
RFCA.

Materials and Methods
Study Population

The flow chart of our study was shown in Figure 1. This retrospective study was based on the Electronic Medical Record
system of patients admitted to the inpatient Department of Cardiology of the Affiliated Hospital of Xuzhou Medical
University. Patients who underwent first-time radiofrequency ablation from January 2018 to June 2021 were included in
the study. Based on the inclusion and exclusion criteria, 485 patients were eligible for analysis. The inclusion criteria
were as follows: non-valvular AF; radiofrequency catheter ablation for the first time. Exclusion criteria were as follows:
severe hepatic or renal dysfunction; organic heart disease; recent blood transfusions or other surgery; preoperative
infections; combined with hematologic or rheumatic immune system diseases; a history of tumor.

Radiofrequency Ablation Operation Method

A three-dimensional reconstruction of the left atrium and pulmonary veins were completed with the aid of the
electroanatomic mapping system (CARTO 3). Circumferential pulmonary vein isolation was performed in all patients
using a radiofrequency ablation catheter. Additional ablation was added if necessary, such as the left atrial apex, posterior

Patients who underwent radiofrequency ablation of atrial fibrillation for
the first time in our hospital from January 2018 to June 2021 (n=596)

Excluded (n=111)

1) Patients lost to follow-up (n=71)

2) Organic heart disease (n=6)

Patients remained ,| 3) Diseases of the blood system or
(n=485) immune system (n=16)

4) Preoperative infection (n=8)

5) Recent blood transfusions or

other surgery (n=7)
6) A history of tumor (n=3)

A4 A4

| Training cohort (n=340) | | Validation cohort (n=145) |

Recurrence (n=149) | | No recurrence (n=191)| ‘ Recurrence (n=58)| ‘ No recurrence (n=87)‘

Figure | Flow chart of our study.
Abbreviation: RFCA, radiofrequency catheter ablation.
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line, anterior line, and even mitral isthmus. Some patients also underwent direct current cardioversion if atrial fibrillation
still existed after initial ablation. All patients took amiodarone and rivaroxaban regularly for at least 3 months after the
operation.

Definition and Follow Up

Patients were followed up regularly in our clinic at 1 month, 3 months, and 6 months after the operation and a 12-lead
electrocardiogram (ECG) and 24-hour Holter were recorded. If patients had AF symptoms such as palpitations, chest
pain, and fatigue, they were recommended to perform a 12-lead ECG and 24-hour Holter. After 6 months, they were
followed up regularly in the clinic or by remote telephone.

Atrial fibrillation recurrence: any atrial tachyarrhythmias (AF, atrial flutter, and atrial tachycardia) that lasted over 30
seconds more than 3 months after the ablation was considered as AF recurrence. Atrial tachyarrhythmias that occurred
within 3 months did not represent the failure of the operation.

Systemic inflammation score (SIS) was composed by lymphocyte-to-monocyte ratio and albumin. The total points of
systemic inflammation score (SIS) were 0—2, lymphocyte-to-monocyte ratio (LMR) < 4.44 was scored as 1, lymphocyte-
to-monocyte ratio (LMR) >4.44 was scored as 0, and albumin < 40 g/L was scored as 1, and albumin > 40 g/L was scored
as 0.

CAAP-AF score was composed by coronary artery heart disease, left atrial diameter, age, type of AF, number of
failed antiarrhythmic drugs and gender. The total points of CAAP-AF score were 0—13, coronary heart disease was
scored as 1; Left atrial diameter < 4.0 cm was scored as 0, 4.0-4.4 cm was scored as 1, 4.5-4.9 cm was scored as 2, 5.0—
5.4 cm was scored as 3, and >5.5 cm was scored as 4, Age < 50 years old was scored as 0, 50-59 years old was scored as
1, 6069 years old was scored as 2 and age >70 years old was scored as 3; persistent atrial fibrillation was scored as 2;
none failed anti-arrhythmic drugs (AAD) was scored as 0, one or two failed AAD was scored as 1, and >2 failed AAD
was scored as 2; women was scored as 1.

Severe hepatic disease was defined as significant liver injury as an AST and ALT elevations increased by 5 or more
times the upper limit of normal.

Severe renal disease was defined as eGFR<30mL/min-1.73 m 2.

Organic heart disease includes congenital heart disease (ventricular septal defect, atrial septal defect, patent ductus
arteriosus, tetralogy of Fallot, etc.), heart valve disease (mitral, tricuspid, aortic, pulmonary, etc.) and cardiomyopathy
(hypertrophic cardiomyopathy, dilated cardiomyopathy, etc.)

Data Collection

Baseline and clinical characteristics were collected from the medical record system by trained physicians who were
blinded to the aim of the study. The following blood markers were recorded including counts of white blood cell,
lymphocyte, monocyte, platelet, hemoglobin, hs-CRP, glycosylated hemoglobin, fasting plasma glucose, serum creatinine
(SCr), serum uric acid (SUA), estimated glomerular filtration rate (eGFR), albumin, urea, cystatin C, triglyceride, total
cholesterol (TC), low-density lipoprotein-C (LDL-C), and high-density lipoprotein-C (HDL-C). Cardiac ultrasound, 12-
lead electrocardiogram, and 24-hour Holter were obtained for analysis. Demographics and clinical characteristics were
collected from patients including age, sex, body mass index (BMI), duration of AF, type of AF, CHA,DS,-VASc score,
CAAP-AF score, systemic inflammation score, smoking history, hypertension, diabetes, coronary artery disease, history
of myocardial infarction and stroke.

Statistical Analysis

Categorical variables were expressed as counts and percentages (%), while continuous variables were expressed as mean
standard deviation or median and interquartile range. The independent samples #-tests were used to compare parameter
values between the two groups, Mann—Whitney U-tests were used to compare non-parameter values between the two
groups, and chi-square tests were used to compare categorical variables. Univariate analysis was performed using
univariate logistic regression analysis. The significance of each variable in the training cohort was assessed by univariate
logistic regression analysis in order to investigate independent risk factors for recurrence in patients with atrial fibrillation
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after the operation. Variables with P < 0.05 in the univariate analysis were considered as potential candidates and
included in the multivariate analysis. Variables used in the nomogram model had P<0.05 in the multivariable logistic
regression analysis. Finally, we calculated regression coefficients and OR for each variable in the model using two-sided
95% confidence intervals. We assessed the predictive model based on three quantities, namely discriminative capacity,
calibration ability, and clinical effectiveness. Since the consistency index (C-index) is equal to the area under the receiver
operating characteristic curve (AUC) in logistic regression, we used the AUC to evaluate the discriminative ability of the
nomogram. At the same time, area under curve comparison between the nomogram and the CAAP-AF score was
performed by DeLong’s test. Calibration accuracy was assessed by calibration plots and Hosmer-Lemeshow tests.
Clinical effectiveness was assessed by decision curve analysis (DCA). All tests were two-tailed, and P < 0.05 were
considered statistically significant. All statistical analyses were performed using SPSS version 26.0 (SPSS Inc., Chicago,
IL, USA), Stata version 13.0 (Stata Inc., College Station, TX, USA), and the statistical package R, Version 4.0.3 (https://

cran.r-project.org) were prepared.

Results

Baseline Patient Characteristics

According to the follow-up results, 207 patients developed atrial fibrillation recurrence after RFCA. General information
and laboratory data for both groups are shown in Table 1. The proportion of patients with atrial fibrillation recurrence
after RFCA was 43.8% (149/340) in the training cohort and 40% (58/145) in the validation cohort. Baseline character-
istics of patients in the training and validation cohorts are listed in Table 2. There were significant differences between
the recurrent and non-recurrent groups in terms of AF type, CHA,DS,-VASc score, BMI, hypertension, SIS, left atrial
diameter (LAD), left ventricular ejection fraction (LVEF), serum uric acid, lymphocyte count, lymphocyte-to-monocyte
ratio (LMR), and albumin (P<0.05).

Univariate and Multivariate Logistic Regression Analysis

Univariate logistic regression results are shown in Table 3, type of AF, CHA,DS,-VASc score, BMI, hypertension, SIS,
LAD, LVEF, serum uric acid, lymphocyte count, lymphocyte-to-monocyte ratio (LMR), and albumin were statistically
significant (P<0.05). Significant indicators were screened and included in multivariate logistic regression analysis.
Systemic inflammation scores included albumin and lymphocyte-to-monocyte ratio (LMR) and their lymphocyte counts,
so these variables were not included in the logistic regression analysis model. The results showed that left atrial diameter,
left ventricular ejection fraction, type of AF, and SIS were independent influences in patients with AF after radio-
frequency ablation (P<0.05), as shown in Table 4.

Predictive Nomogram Development

Based on these analyses, we developed a nomogram model for predicting AF recurrence in patients after RFCA using
four variables: left atrial diameter (LAD), left ventricular ejection fraction (LVEF), type of AF, and systemic inflamma-
tion score (SIS). As is shown in Figure 2, each of these independent predictors was projected upward to the “point” of
that value at the top of the nomogram to obtain a score from 0 to 100, and the total score of these points was then
recorded to predict the probability of postoperative AF recurrence. The result of the Hosmer-Lemeshow test was y 2 =
3.697 (P=0.883), indicating a good degree of calibration of the model. The calibration curve showed good agreement
between the predicted and actual risk of postoperative recurrence in patients with AF from Figure 3A. The C-statistic was
0.741 (95% CI: 0.689-0.794). The prediction model showed good discrimination, as shown in Figure 4A. In addition, the
nomogram showed a better predictive value for AF recurrence compared with the CAAP-AF score (Z=2.091, P=0.036)
from Figure 5.
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Table | Comparison of Clinical Baseline Information Between the Recurrent and Non-Recurrent Groups of Patients with

Atrial Fibrillation

Variable Total (n=485) No Recurrence (n=278) | Recurrence (n=207) | Z/y*t | P-value
Age (year) 63(55, 68) 63(54, 68) 62(55, 69) —0.049 | 0.961
Gender 0.066 0.797
Male (n, %) 292(60.2) 166(59.7) 126(60.90)
Female (n, %) 193(39.8) 112(40.2) 81(39.1)
Height (m) 1.66+0.08 1.66+0.07 1.65+0.08 1.099 0.272
Weight (kg) 70.40+11.22 69.92+10.29 71.04£12.35 —-1.114 | 0.266
BMI (kg/m?) 25.43+2.98 25.18+3.94 25.76+3.00 —2.112 | 0.035
Comorbidity
CAD (n, %) 0.492 0.483
Yes 113(23.3) 68(24.4) 45(21.3)
No 372(76.7) 210(75.6) 162(78.7)
MI history (n, %) 0.001 0.992
Yes 7(1.4) 4(1.4) 3(1.4)
No 478(98.6) 274(98.6) 204(98.6)
Stroke (n, %) 0.683 0.409
Yes 97(20.0) 52(18.7) 45(21.7)
No 388(80.0) 226(81.3) 162(78.3)
Hypertension (n, %) 8.778 0.003
Yes 204(42.1) 101(36.3) 103(49.8)
No 281(57.9) 177(63.7) 104(50.2)
Diabetes (n, %) 2.893 0.089
Yes 160(32.9) 83(29.8) 77(37.2)
No 325(67.1) 242(70.2) 130(62.8)
Smoke (n, %) 0.683 0.409
Yes 97(20) 52(18.7) 45(21.3)
No 388(80) 226(81.3) 162(78.7)
Imaging factors
LAD (mm) 4216 40+5 44x6 —6.717 | 0.001
LVEF (%) 57(52, 60) 58(54, 62) 56(49, 59) —4.735 | 0.001
Laboratory index
WBC (x10°/L) 5.72(5.07, 6.58) 5.70(5.14, 6.37) 5.75(4.95, 6.37) —0.523 | 0.601
Lymphocyte (x107/L) 1.60(1.30, 2.00) 1.4(1.1, 1.5) 1.1(1.0, 1.5) —4.446 | 0.001
Monocyte (x10%/L) 0.35(0.27, 0.42) 0.34(0.26, 0.40) 0.36(0.28, 0.45) —1.751 | 0.080
(Continued)
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Table | (Continued).

Variable Total (n=485) No Recurrence (n=278) | Recurrence (n=207) | Z/y*t | P-value
Hemoglobin (g/L) 147(137, 155) 146(139, 155) 145(137, 154) —0.865 | 0.387
Platelet (x10°/L) 203+56 205+56 199454 1.169 0.243
hs-CRP (mg/L) 2.0(1.7, 2.4) 1.9(1.7, 2.3) 2.0(1.7, 2.4) -0.912 | 0.362
SCr (umol/L) 68+17 67+15 70£19 —1.626 | 0.105
SUA (mmol/L) 319+96 306+89 336+102 —3.349 | 0.001
Urea (umol/L) 5.36(4.49, 6.57) 5.31(4.50, 6.41) 5.53(4.45, 6.64) -1.086 | 0.277
Cystatin C (mg/L) 0.86(0.76, 0.97) 0.86(0.77, 0.97) 0.87(0.74, 1.00) -0.235 | 0.814
Triglyceride (mmol/L) 1.16(0.86, 1.82) 1.13(0.89, 1.82) 1.22(0.79, 1.80) —-0.403 | 0.687
TC (mmol/L) 4.15+1.00 4.20+0.99 4.061.02 0.179 0.099
HDL-C (mmol/L) 1.09(0.92, 1.30) 1.10(0.93, 1.40) 1.09(0.90, 1.24) —-1.727 | 0.084
LDL-C (mmol/L) 2.37+0.85 2.42+0.84 2.29+0.84 1.655 0.099
FBG (mmol/L) 5.3(4.88, 6) 5.3(4.8, 5.9) 5.3(4.9, 6.0) —-0.942 | 0.346
HbAlc (%) 4.3(3.8,5.9) 4.3(3.8,5.8) 4.3(3.8, 6.05) —1.063 | 0.288
eGRF (mL/min*1.73m"?2) 101.64(87.05, 117.29) | 101.08(86.93, 117.21) 102.05(87.11, 117.54) | —0.067 | 0.946
Albumin (g/L) 4345 43.5+4.6 42.3+43 2711 0.007
LMR 4.86(3.79, 6.00) 5.22(4.24, 6.34) 4.07(3.29, 5.33) —6.055 | 0.001
SIS 0.66+0.69 0.53+0.65 0.84+0.71 —4.878 | 0.001
Type of AF 40.139 | 0.001
Paroxysmal (n, %) 204(42.1) 151(54.3) 53(25.6)
Persistent (n, %) 281(57.9) 127(45.7) 154(74.4)
CHA,DS,-VASc score 2.0£1.5 1.9+1.5 2.0+1.6 -2.121 | 0.034
CAAP-AF score 5(4,7) 5@3, 6) 6(5,7) —7.287 | 0.001
AF duration (month) 55.91+53.67 52.28+48.05 60.78+60.19 —1.728 | 0.085
Preoperative medication
Amiodarone 3411 0.650

Yes 204(42.1) 107(38.5) 97(46.9)

No 281(57.9) 171(61.50) 110(53.1)
B-Blocker 0.651 0.420

Yes 181(37.3) 108(38.7) 73(35.3)

No 304(62.7) 170(61.3) 134(64.7)
Statin 2.533 0.111

Yes 159(32.8) 83(29.9) 76(36.7)

No 326(67.2) 195(70.1) 131(63.7)

(Continued)
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Table 1 (Continued).
Variable Total (n=485) No Recurrence (n=278) | Recurrence (n=207) | Z/y*t | P-value
ACEI/ARB 3.288 0.070

Yes 64(13.2) 30(10.8) 34(16.4)

No 421(86.8) 248(89.2) 173(83.6)
Antiarrhythmic drugs number | 1.050+0.998 0.990+1.051 1.140+0.893 —1.573 | 0.1l6
Follow-up duration (months) | 2517 25+17 26+16 0.189 0917

Abbreviations: BMI, body mass index; CAD, coronary artery disease; Ml, myocardial infarction; LAD, left atrial diameter; LVEF, left ventricular ejection fraction; WBC,
white blood cell; hs-CRP, High-sensitive C-reactive protein; SCr, serum creatinine; SUA, serum uric acid; TC, total cholesterol; HDL-C, high-density lipoprotein-
cholesterol; LDL-C, low-density lipoprotein-cholesterol; FBG, fasting blood glucose; eGRF, estimated glomerular filtration rate; LMR, lymphocyte-to-monocyte ratio;
SIS, systemic inflammation score; HbAl ¢, glycosylated hemoglobin; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor inhibitor.

Table 2 Comparison of the Information in the Training and Validation Cohorts

Variable Total (n=485) Training Cohort (n=340) | Validation Cohort (n=145) | Z/y*/t P-value
Age (year) 63(55, 68) 63(55, 69) 63(55, 68) —0.242 | 0.809
Gender 0.759 0.384
Male (n, %) 292(60.2) 209(61.5) 83(57.2)
Female (n, %) 193(39.8) 131(38.5) 62(52.8)
Height (m) 1.66+0.08 1.66+0.08 1.65+0.08 —0.886 | 0.376
Weigh (kg) 70.40x11.22 70.73x11.33 69.56+10.96 —1.046 | 0.296
BMI (kg/m?) 25.43+2.98 25.48+3.01 25.30+2.91 —0.658 | 0.511
Comorbidity
CAD (n, %) 2.533 0.111
Yes 113(23.3) 86(25.3) 27(18.6)
No 372(76.7) 254(84.7) 118(81.4)
MI history (n, %) 0.826 0.363
Yes 7(1.4) 6(1.7) 1(0.7)
No 478(98.6) 334(98.3) 144(99.3)
Stroke (n, %) 0.061 0.804
Yes 97(20.0) 69(20.3) 28(19.3)
No 388(80.0) 271(79.7) 117(80.7)
Hypertension (n, %) 0.160 0.689
Yes 204(42.1) 145(42.6) 59(40.7)
No 281(57.9) 195(57.4) 86(59.3)
Diabetes (n, %) 1.515 0.218
Yes 160(32.9) 118(34.7) 42(28.9)
No 325(67.1) 222(65.3) 103(71.1)
(Continued)
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Table 2 (Continued).

Variable Total (n=485) Training Cohort (n=340) | Validation Cohort (n=145) | Z/*/t P-value
Smoke (n, %) 0.790 0.374

Yes 97(20.0) 85(25.0) 31(21.8)

No 388(80.0) 253(75.0) 114(79.2)
Imaging factors
LAD (mm) 42+6 42+6 416 —0.750 | 0.454
LVEF (%) 57(52, 60) 57(51, 59) 58(54, 60) —1.062 | 0.288
Laboratory index
WBC (x10%/L) 5.72(5.07, 6.58) 5.76(5.05, 6.63) 5.48(4.87, 6.53) —0.856 | 0.392
Lymphocyte (x10%/L) 1.60(1.30, 2.00) 1.60(1.30, 2.00) 1.50(1.20, 1.90) —1.110 | 0.267
Monocyte (x10°/L) 0.35(0.27, 0.42) 0.36(0.28, 0.43) 0.34(0.26, 0.41) —1.854 | 0.064
Hemoglobin (g/L) 147(137, 155) 147(139, 155) 143(134, 153) -0.972 | 0.331
Platelet (x10%/L) 20356 20255 205+56 0.474 0.636
hs-CRP (mg/L) 2.0(1.7, 2.4) 1.9(1.6, 2.3) 1.8(1.6, 2.2) —-1.004 | 0316
SCr (umol/L) 68+17 6917 67x16 —0.947 | 0.344
SUA (mmol/L) 319496 324497 305491 —2.049 | 0.051
Urea (umol/L) 5.36(4.49, 6.57) 5.55(4.50, 6.57) 5.27(4.26, 6.40) —0.699 | 0.485
Cystatin C (mg/L) 0.86(0.76, 0.97) 0.88(0.78, 1.02) 0.86(0.76, 0.86) -1.493 | 0.135
Triglyceride (mmol/L) 1.16(0.86, 1.82) 1.21(0.82, 1.86) 1.13(0.77, 1.62) —0.625 | 0.532
TC (mmol/L) 4.15+1.00 4.14£0.99 4.16£1.06 0.276 0.783
HDL-C (mmol/L) 1.09(0.92, 1.30) 1.09(0.91, 1.37) 1.06(0.90, 1.26) —0.575 | 0.565
LDL-C (mmol/L) 2.37+0.85 2.34+0.85 2.43+0.84 0.983 0.326
FBG (mmol/L) 5.3(4.88, 6.00) 5.31(4.91, 6.07) 5.23(4.85, 5.94) —0.435 | 0.664
HbAlc (%) 4.3(3.8,5.9) 4.3(3.8,5.9) 4.2(3.7,5.7) —0.985 | 0.325
eGRF (mL/min*1.73m 2 101.64(87.05, 117.29) 100.64(85.73, 116.48) 101.20(86.80, 118.73) —0.588 | 0.577
Albumin (g/L) 43.0+4.5 43+4.4 42+4.7 —0.980 | 0.922
LMR 4.86(3.79, 6.00) 4.82(3.80, 5.69) 4.77(3.89, 5.71) —0.787 | 0.431
SIS 0.66+0.69 0.67+0.70 0.66+0.68 0.147 0.883
Type of AF 1.418 0.227
Paroxysmal (n, %) 204(42.1) 137(40.3) 67(46.2)
Persistent (n, %) 281(57.9) 203(59.7) 78(53.8)
Outcome 0.607 0.436
Recurrence (n, %) 207(42.6) 149(43.8) 58(40.0)
No recurrence (n, %) 278(57.4) 191(56.2) 87(60.0)

(Continued)
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Table 2 (Continued).
Variable Total (n=485) Training Cohort (n=340) | Validation Cohort (n=145) | Z/%It P-value
CHA;,DS,-VASc score 2.0£1.5 2.0£1.5 2.0£1.5 —0.342 | 0.733
CAAP-AF score 54,7) 5(4, 6) 5(4,7) —1.231 0.218
AF duration (month) 55.91+53.67 55.42+52.71 56.11+54.16 —0.128 | 0.898
Preoperative medication
Amiodarone 2.577 0.108
Yes 204(42.1) 151(44.4) 53(36.6)
No 281(57.9) 189(55.6) 92(63.4)
B-Blocker 1.100 0.294
Yes 181(37.3) 132(38.8) 49(33.8)
No 304(62.7) 208(61.2) 96(66.2)
Statin 0.271 0.603
Yes 159(32.8) 109(32.1) 50(34.5)
No 326(67.2) 231(67.9) 95(65.5)
ACEI/ARB 0.002 0.969
Yes 64(13.2) 45(13.2) 19(13.1)
No 421(86.8) 295(86.8) 126(86.9)
Antiarrhythmic drugs number | 1.050+0.998 1.020£1.031 1.070£0.971 —0.479 | 0.632
Follow-up duration (months) 2517 2517 26%16 0.104 0917

Abbreviations: BMI, body mass index; CAD, coronary artery disease; MI, myocardial infarction; LAD, left atrial diameter; LVEF, left ventricular ejection fraction; WBC,
white blood cell; hs-CRP, High-sensitive C-reactive protein; SCr, serum creatinine; SUA, serum uric acid; TC, total cholesterol; HDL-C, high-density lipoprotein-cholesterol;
LDL-C, low-density lipoprotein-cholesterol; FBG, fasting blood glucose; eGRF, estimated glomerular filtration rate; LMR, lymphocyte-to-monocyte ratio; SIS, systemic
inflammation score; HbAlc, glycosylated hemoglobin; ACEI, angiotensin- converting enzyme inhibitor; ARB, angiotensin receptor inhibitor.

Table 3 Univariate Logistic Regression Analysis of Recurrence Based on Data in the Training Cohort

Variable B SE Wald P-value OR 95% CI

Age (year) 0.000 0.011 0.000 0.990 1.000 0.980-1.201
Gender 0.210 0.225 0.008 0.927 1.021 0.657-1.586
Height (m) —0.918 1.323 0.482 0.487 0.399 0.030-5.333
Weight (kg) 0.014 0.010 1.979 0.160 1.014 0.995-1.033
BMI (kg/m?) 0.081 0.037 4.774 0.029 1.084 1.008-1.116
CAD (n, %) —0.044 0.252 0.030 0.863 0.957 0.584-1.568
MI history (n, %) 0.253 0.824 0.094 0.759 1.288 0.256-6.473
Stroke (n, %) 0.276 0.270 1.042 0.307 1.318 0.776-2.239
Hypertension (n, %) 0.561 0.222 6.365 0.012 1.752 1.133-2.708
Diabetes (n, %) 0.341 0.291 1.376 0.241 1.407 0.795-2.488
Smoke (n, %) 0.130 0.252 0.264 0.607 1.138 0.695-1.866

(Continued)
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Table 3 (Continued).
Variable B SE Wald P-value OR 95% CI
LAD (mm) 0.105 0.021 25.583 0.001 [NRR 1.067-1.158
LVEF (%) -0.084 0.019 19.752 0.001 0919 0.886-0.954
WBC (x10%/L) 0.113 0.092 1.511 0.219 119 0.935-1.340
Lymphocyte (x10°/L) -0.526 0.203 6.747 0.009 0.591 0.397-0.879
Monocyte (x10°/L) 1919 0.869 4.882 0.027 6.815 1.242-37.396
Hemoglobin (g/L) -0.010 0.007 2.124 0.145 0.990 0.976-1.004
Platelet (x107/L) -0.002 0.002 0.684 0.408 0.998 0.994-1.002
hs-CRP (mg/L) 0.128 0.220 0.341 0.559 1.137 0.739-1.748
SCr (umol/L) 0.010 0.006 2514 0.113 1.010 0.998-1.022
SUA (mmol/L) 0.003 0.001 7212 0.007 1.003 1.001-1.005
Urea (umol/L) 0.070 0.065 1.178 0.278 1.073 0.945-1.218
Cystatin C (mg/L) 0.228 0.534 0.183 0.669 1.256 0.441-3.575
HbAlc (%) 0.064 0.071 0817 0.366 1.067 0.927-1.227
FBG (mmol/L) 0.027 0.064 0.181 0.671 1.028 0.906-1.165
Triglyceride (mmol/L) 0.031 0.120 0.067 0.796 1.032 0.815-1.305
TC (mmol/L) —0.186 0.112 2772 0.096 0.830 0.667-1.034
HDL-C (mmol/L) —0.632 0.342 3417 0.065 0.532 0.272-1.0.39
LDL-C (mmol/L) -0.207 0.131 2.493 0.114 0813 0.628-1.051
eGRF (mL/min*1.73m"?) -0.004 0.006 0519 0.471 0.996 0.985-1.007
Albumin (g/L) -0.059 0.026 5.373 0.020 0.942 0.896-0.991
LMR -0.240 0.650 132.685 0.001 0.787 0.693-0.893
SIS 0.669 0.166 16.265 0.001 1.952 1.410-2.703
Type of AF 1.202 0.239 25.368 0.001 3.326 2.084-5.310
CHA,DS,-VASc score 0.161 0.072 4.932 0.026 1.175 1.019-1.354
CAAP-AF score 0.332 0.056 35.633 0.001 1.394 1.250-1.555
AF duration (month) 0.002 0.002 0.639 0.424 1.002 0.998-1.006
Amiodarone 0.428 0.221 3.755 0.053 1.534 0.995-2.364
B-Blocker -0.194 0.225 0.744 0.388 0.823 0.530-1.280
Statin 0.231 0.234 0.981 0.332 1.260 0.797-1.992
ACEI/ARB 0.545 0.322 2.853 0.091 1.724 0.916-3.242
Antiarrhythmic drugs number 0.165 0.113 2117 0.146 1.179 0.944-1.472
Follow-up duration (months) 0.000 0.013 0.000 0.986 1.000 0.975-1.028

Abbreviations: BMI, body mass index; CAD, coronary artery disease; Ml, myocardial infarction; LAD, left atrial diameter; LVEF, left ventricular

ejection fraction; WBC, white blood cell; hs-CRP, High-sensitive C-reactive protein; SCr, serum creatinine; SUA, serum uric acid; TC, total

cholesterol; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; FBG, fasting blood glucose; eGRF,

estimated glomerular filtration rate; LMR, lymphocyte-to-monocyte ratio; SIS, systemic inflammation score; HbAlc, glycosylated hemoglobin;

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor inhibitor.

1414 https: Clinical Interventions in Aging 2022:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Zhao et al

Table 4 Multivariate Logistic Regression Analysis of Recurrence Based on Data in the Training Cohort

Variable B SE Wald P-value OR 95% CI

SIS 0.668 0.186 12.968 0.001 1.951 1.356-2.808
LAD (mm) 0.056 0.023 5.585 0.018 1.057 1.010-1.107
Type of AF 0.772 0.275 7.859 0.005 2.164 1.262-3.714
LVEF (%) —0.059 0.021 7913 0.005 0.943 0.905-0.982
CHA,DS,-VASc score 0.062 0.089 0.483 0.487 1.064 0.893-1.267
BMI (kg/m?) 0.055 0.044 1.605 0.205 1.057 0.970-1.151
SUA (mmol/L) 0.001 0.001 0.146 0.702 1.001 0.998-1.003
Hypertension 0.252 0.280 0.806 0.369 1.286 0.742-2.228

Abbreviations: BMI, body mass index; LAD, left atrial diameter; LVEF, left ventricular ejection fraction; SUA, serum uric acid; SIS, systemic

inflammation score.

Validation of the Nomogram
In the validation cohort, there were 58 (40%) patients with AF recurrences after RFCA. Hosmer-Lemeshow test was y° =

7.042 (P=0.531). The calibration curve showed good agreement and good fit of the nomogram model, as shown in

0 10 20 30 40 50 60 70 80 90 100
POlntS L 1 1 1 1 1 1 1 1 1 J
Persistent
Type of AF " !
Paroxysmal
1
SIS T L ]
0 2
LAD r T T T T T T T 1
25 30 35 40 45 50 55 60 65
LVEF r T T T T T T 1
65 60 55 50 45 40 35 30
Total POintS T rrr+‘ rrrrrr1rrrrr~rrrr-rrrrrrrrrr1rrrrr1rrrrrr 11
0 20 40 60 80 100 120 140 160 180 200 220
Risk of AF recurrence r T T T T T T T T )
0.1 0.2 0.3 04 05 06 0.7 0.8 0.9 0.95

Figure 2 Nomogram for predicting recurrence after RFCA in patients with atrial fibrillation.
Abbreviations: AF, atrial fibrillation; SIS, systemic inflammation score; LAD, left atrial diameter; LVEF, left ventricular eject fraction; RFCA, radiofrequency catheter ablation.
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Figure 3 ROC curve of the nomogram for predicting recurrence after RFCA in patients with atrial fibrillation. (A) ROC curve in the training cohort; (B) ROC curve in the
validation cohort.
Abbreviations: ROC, Receiver operating characteristic; RFCA, radiofrequency catheter ablation.
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Figure 4 Calibration curves for predicting recurrence after RFCA in patients with atrial fibrillation. (A) calibration curve in the training set; (B) calibration curve in the
validation set. The x-axis represents the overall predicted probability of AF recurrence after RFCA, and the y-axis represents the actual probability. The model calibration is
indicated by the degree of fit of the curve and the diagonal line.

Abbreviations: AF, atrial fibrillation; RFCA, radiofrequency catheter ablation.

Figure 3B. The C-statistic was 0.750 (95% CI: 0.670 —0.831), indicating good discriminatory performance of the
prediction model, as shown in Figure 4B.

Decision Curve Analysis of the Prediction Model
Decision curve analysis (DCA) showed the ability of the nomogram to predict AF recurrence (Figure 6A and B).

A horizontal line represents the intervention-none and the net benefit with zero, the oblique line shows intervention-all-
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Figure 5 The receiver operator characteristic curves of the nomogram and the CAAP-AF score.
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Figure 6 Decision curve analysis for the training set (A) and the validation set (B). A horizontal line indicates that all samples are negative and not treated, with a net benefit
of zero. An oblique line indicates that all samples are positive. The net benefit has a negative slope.

patients. From the decision curves, the range of high-risk threshold probabilities was wide and applicable to both the
training and validation sets, which suggests that the nomogram was clinically useful. From Figure 7, we can see that the
red curve shows the number of subjects classified as positive by the nomogram model at each threshold probability
(Number high risk); the blue curve (Number high risk with event) is the number of true positives at each threshold
probability. It implies a good consistency between the actual distribution and the distribution predicted by the

nomogram.
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Figure 7 The clinical impact curve is drawn based on the nomogram. Clinical impact curve of the nomogram plots the number of recurrent patients classified as high risk,
and the number of cases classified as high risk with the event at each risk threshold.

Discussion

Radiofrequency catheter ablation has been widely used in the clinical treatment of AF.'> However, not all patients have
sinus rhythm restored after RFCA and the high rate of AF recurrence remains a challenge for clinicians. Accurate
prediction of AF recurrence may guide the clinical decision and influence patient selection for ablation.'* Consequently,
it is essential to estimate each patient’s individual risk of recurrent AF before ablation.

This study found a 42.7% (207/485) incidence of recurrence after RFCA in patients with AF. We screened for
independent predictive factors for AF recurrence by comparing the baseline data of 485 patients with atrial fibrillation.
Also, a nomogram model for predicting atrial fibrillation recurrence was developed according to standard procedures. It
is worth highlighting that our study is the first to add the systemic inflammation score (SIS) to the prediction model for
predicting AF recurrence. In addition, this study made it easier to predict the probability of recurrence after radio-
frequency ablation in patients with atrial fibrillation by nomogram.

The results of this study showed that AF patients had a significant higher recurrence rate in the left atrial diameter (LAD)
>43.5 mm group than the LAD <43.5 mm (60.1% vs 25.9%, P < 0.001). Previous reports have demonstrated that LAD is
a predictor of recurrences after RECA.'*'> The enlargement of left atrium can result in the structural and electrical remodeling of
the left atrium, which promote the persistence of atrial arrhythmias. 1617 Our study shows that patients with low LVEF are more
likely to develop AF recurrence. The reason for this may be that low LVEF leads to the elevation of left atrial pressure'® and the
prolonged elevation of left atrial pressure can lead to myocardial damage and atrial fibrosis.'**® Atrial fibrosis can cause
conduction disturbances and make contribution to the progression of atrial remodeling, which result in AF.2'*? Previous research
showed that the SIS was associated with higher risk of AF occurrence.” In our study, Systemic Inflammation Score (SIS) is
related to an increased risk of AF recurrence after RFCA. SIS is an index to evaluate the intensity of systemic inflammatory
status.'" Inflammation has been implicated in the pathophysiology of atrial fibrillation (AF) and participates in the process of
myocardial fibrosis, which is the potential mechanism of AF recurrence.'®** The SIS is a novel prognostic score formulated by

1418 "= Clinical Interventions in Aging 2022:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Zhao et al

albumin and lymphocyte-to-monocyte ratio (LMR). Inflammation promotes lymphocyte apoptosis®> and the increase in mono-
cytes reflects the level of chronic systemic inflammation.?® In addition, LMR has been proved to be a potential prognostic
predictor of all-cause mortality in AF patients.?’ It is well established that lower levels of albumin were prospectively associated
with a higher risk of AF.?® The chemical structure of albumin can transport inflammatory mediators, modulate inflammatory
reactions, and prevent damage of myocardium caused by oxidative stress.”” Besides, albumin reflects the nutritional status of the
body, which has been shown to be associated with recurrence of atrial fibrillation.* Patients with persistent AF had a higher risk of
recurrence than patients with paroxysmal AF. Persistent atrial fibrillation leads to atrial fibrosis that leads to electrical remodeling
and structural remodeling.>' Therefore, the application of these parameters in the model is more than adequate. Nomogram was
a visual chart established by different lines of high and low level to predict the incidence of clinical events.** In this study, we
finally included four predictors: “LAD”, “LVEF”, “Type of AF”, and “SIS” to create a nomogram model. The nomogram had
good discriminatory ability in the training and validation cohorts. A certain degree of validity and applicability of the model has
been demonstrated, making our risk prediction more clinically attractive. Doctors can predict the probability of recurrence in
patients with AF after RFCA based on the summation of scores for each risk factor.

In summary, nomogram contains four risk factors to predict AF recurrence after RFCA. The strength of our study is that the
predictors in the model were routinely tested before ablation. which enables physicians to assess the risk of atrial fibrillation
recurrence and take further preoperative precautions. The nomogram has high clinical application and deserves further use.

Limitations

There are several limitations to this study. First, this was a single-center retrospective study, which would affect patient
selection and produce selection bias. Second, patients with asymptomatic atrial fibrillation may be overlooked during
follow-up. Finally, the cases in this study were a small sample size in the same hospital, and the clinical predictive value
still requires a model for further evaluation by multicenter and expanded sample size.

Conclusion

We developed and internally validated a novel nomogram to predict the risk of recurrence after RFCA in patients with
AF. The nomogram has good discrimination and accuracy, which can screen high-risk groups intuitively and individually,
and has a certain predictive value for atrial fibrillation recurrence in patients after radiofrequency ablation. In addition, it
is necessary to confirm these findings through prospective, randomized, multicenter studies.
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