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Background: The purpose of this study was to evaluate the predictive values of lipid level, inflammatory biomarkers, and
echocardiographic parameters in late NVAF (nonvalvular atrial fibrillation) recurrence after RFA (radiofrequen-
cy ablation).

Material/Methods: This retrospective single-center study enrolled 263 patients with paroxysmal or persistent NVAF who under-
went initial RFA from Jan 2017 to Jan 2019. The patients were divided into a Recurrent group (n=70) and a
Nonrecurrent group (n=193). Univariate and multivariate logistic regression analyses were used for evaluating
the predictive factors of late NVAF recurrence. Receiver operating characteristic (ROC) curves were construct-
ed to assess the predictive performance and the optimum cut-off level of variables.

Results: Late NVAF recurrence occurred in 70 patients (26.6%) after initial RFA within 12-month follow-up. Patients
in the Recurrent group had significant higher NLR (neutrophil-to-lymphocyte ratio), hs-CRP (high-sensitivi-
ty C-reactive protein), LVEDD (left ventricular end-diastolic dimension), LVESD (left ventricular end-systolic di-
mension), and LAD (left atrial diameter) than those in the Nonrecurrent group (P<0.05). In multivariate analy-
sis, increased NLR (HR=1.438, 95% Cl: 1.036-1.995, P<0.05), hs-CRP (HR=1.137, 95% Cl: 1.029-1.257, P<0.05)
and LAD (HR=1.089, 95% Cl: 1.036-1.146, P<0.05) were independent predictors of NVAF recurrence. The area
under the curve (AUC) of NLR and hs-CRP was 0.603 (95% Cl 0.525-0.681) and 0.584 (95% Cl 0.501-0.666), re-
spectively. The combination of NLR, hs-CRP, and LAD revealed an AUC of 0.684 (95% Cl 0.611-0.757), with cut-
off values of 2.33, 2.025 ng/L, and 44.5 mm, respectively.

Conclusions: The combination of preoperative NLR, hs-CRP, and LAD can predict late NVAF recurrence.
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Background

Atrial fibrillation (AF) is an increasingly prevalent arrhythmia
which affects nearly 33 million people worldwide, and its prev-
alence increases with age [1-3]. Due to the heterogeneity of
AF, mechanisms of AF vary among individuals and change with
time [4]. Previous studies showed early AF recurrence (within
3 months) and late recurrence (within 1 year) in 20%-50% of
patients after ablation [5]. Preventing NVAF recurrences is a
challenging aspect of controlling NVAF incidence, and it is cru-
cial to predict late NVAF recurrences in these patients.

Various myocardial injury markers are released to circulation
in AF patients on account of the ablation. Nonetheless, ele-
vated cardiac biomarkers showed no association with AF re-
currence [6]. Lipid levels are partially modulated by inflamma-
tory pathways and can change cell membrane fluidity, which
facilitates the arrhythmias [7]. Recently, inflammatory bio-
markers such as NLR have received increased attention due
to the crucial role of inflammation in the progression of car-
diovascular disease [8]. These epidemiological data highlight
the importance of predictive factors for late NVAF recurrence.
However, the prognostic performance of preoperative labora-
tory measurements, echocardiographic parameters (eg, LVEDD,
LVESD, LAD, and LVEF), lymphocyte-to-monocyte ratio (LMR),
and platelet-to-lymphocyte ratio (PLR) in predicting late NVAF
recurrence has been unclear.

In this study, we aimed to evaluate the association between
lipid levels, inflammatory biomarkers combined echocardio-
graphic parameters, and late NVAF recurrence in persistent
AF and paroxysmal AF patients undergoing initial RFA, pro-
viding a simple, comprehensive, and non-invasive approach
to assess the risk of NVAF recurrence.

Material and Methods

Study Participants

Medical data of 278 NVAF patients admitted to the First
Affiliated Hospital of Soochow University were retrospectively
analyzed from Jan 2017 to Jan 2019. A total of 263 consecutive
patients who underwent initial RFA were enrolled. The diagno-
sis and pattern of NVAF was according to the 2016 European
Society of Cardiology (ESC) guidelines [9]. Persistent AF was
defined as AF lasting >7 days and paroxysmal AF was defined
as AF lasting <7 days. We excluded 10 cases with structural
heart disease (2 cases), hyperthyroidism (3 cases), chronic ob-
structive pulmonary disease (2 cases), severe hepatic (2 cas-
es), and renal dysfunction (1 case). Five patients were exclud-
ed because of the incomplete clinical records on parameters.
This study was approved by the Ethics Committee of the First
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Affiliated Hospital of Soochow University. The requirement of
written consent was waived because of the study’s retrospec-
tive nature. Independent variables, including major charac-
teristics (sex, age, course of disease, body mass index [BMI]),
comorbidities (hypertension, diabetes mellitus, cerebral infarc-
tion), CHA2DS2-VASc score, and medication were evaluated.
Echocardiographic parameters, including LVEDD, LVESD, LAD,
and LVEF, were assessed by transthoracic echocardiography.
Preoperative laboratory test parameters, including blood and
urinary biomarkers, were collected, and NLR, PLR, and LMR
were calculated as previously described [10].

Procedure Details

Pre-procedural evaluation and testing, including trans-esoph-
ageal echo, transthoracic echocardiography, and enhanced CT
scan, was performed. Patients were treated with warfarin or
new oral anticoagulants (NOACs) to maintain INR between 2.0
and 3.0 for at least 3 weeks. All patients had local anesthesia
prior to ablation. Under the positioning of CARTO®3 (Biosense
Webster, Diamond Bar, CA, USA) and EnSite NavX™ (St. Jude
Medical, Inc., St. Paul, MN, USA) three-dimensional mapping
system, the radiofrequency ablation electrode was sent into
the sheath tube to construct a left atrium three-dimension-
al model. The ablation was performed at energy of 30-35 W,
flow rate of 17 ml/min, and temperature 42°C. Wide circum-
ferential left and right pulmonary vein isolation was performed
along the ablation line. Other linear ablations, such as left roof,
top and bottom, mitral isthmus, and tricuspid isthmus, were
conducted after pulmonary vein isolation. If atrial fibrillation
still existed after ablation, two-way wave synchronous defi-
brillation apparatus was used to achieve electrocardioversion.

Post-Procedure Treatment and Follow-Up

All patients were given oral anticoagulation for at least 3
months after the procedure. After discharge from the hospital,
follow-up visits at 1 month, 3 months, 6 months, 9 months,
and 12 months were conducted. Routine 12-lead 24-h dynam-
ic electrocardiography was performed at each visit. Late NVAF
recurrence was identified by 24-h Holter monitoring (at 3, 6, 9,
and 12 months) after 3 months following the RFA procedure.
Recurrent NVAF was characterized as arrhythmia >30 s duration.

Statistical Analysis

All continuous data are presented as meanzstandard devi-
ation or median. All data were analyzed using SPSS statisti-
cal software (SPSS, Inc., version 17, Chicago, IL, USA) and the
MedCalc analysis program (MedCalc Software, version 15,
Ostend, Belgium). Categorical data are presented as counts
and percentages. Continuous variables were compared using
the t test or Mann-Whitney U test, as appropriate. Categorical
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Table 1. Baseline characteristics of study population.

Variable Nonrecurrent group (n=193) Recurrent group (n=70) P value
Female [n (%)] 77 (40) 33 (47) 0.292
Age(ye) 62 (369 6 (7,67 0694
| Course of disease (months) 240 (30,545 240 (60,480) 0513
B 2531£330 25204275 0839
Hypertension 123 64 436y  o7m2
Diabetes melitus 240 0 19 0693
Cerebral infarcton mne 5@ oss
Smoking 3@ 9@ o407
~Aeohodd 2@y  sqan 095
CHADS2VAScscore . oa9
"""" o 0 1@
"""" T & 1B
"""" > s 1@
o 59 3) %6)
CAFtype o002
"""" ParoxysmalAF  13.(@9 460
"""" PersistentAF 40 (@) 8@

ACEI/ARB 62 (32) 19 (27) 0.439
"""" Bblockes %@  33@n 0940
"""" c€w e e» 2@ 03
~ Amiodarone 3@ 9@ o407
"""" Propafenone 17 60O e
Preoperative anticoagulants 0809
"""" low molecular heparin 126 68 486
"""" Warfain 3@ wa
"""" Na  aan w00

ACEI — angiotensin-converting enzyme inhibitor; ARBs — AT1 blockers; BMI — body mass index; CCB — calcium channel blockers.
* P<0.01.

data were compared by chi-squared test. Multivariate analy- Results

sis was calculated on all variables with a P value <0.10 in uni-

variate analysis. Univariate and multivariate logistic regression Baseline Characteristics

analyses were used for evaluating the predictive factors of late

NVAF recurrence. Receiver operating characteristic (ROC) curve We included 263 patients after a follow-up of 12 months,
analysis was performed to determine the optimum cut-off lev- with median age 62 years (age range 53-69 years, 41.83% fe-
el, sensitivity, and specificity of variables. The cut-off value was males, 74.14% had paroxysmal AF). Baseline characteristics
evaluated by Youden index. The comparison of AUC was per- of study population are summarized in Table 1. Overall, the
formed using the Z-test. DeLong’s test was used to analyze Nonrecurrent group and Recurrent group were well balanced,
the predictive value of different indexes. A P<0.05 was con- except for the AF type.

sidered statistically significant.
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Table 2. Laboratory and echocardiographic parameters of study population.

Variable Nonrecurrent group (n=193) Recurrent group (n=70) P value
Glucose(mmol/L) 5.11 (4.61,5.61) 5.06 (4.65, 5.79) 0.862
Csa@mold) 76741712 735¢1760 0724
SuA@mo) 34879:8450 35429:9249 0649
T @moly 434 (3865100 421 (355467  00*
wLCmoy 248 (206,314 231 (187,27) 006"
CHDLC(mmol) 115 (099,136) 110 (094127)  009%
TG (mmo) 147 (106,204 146 (101,216 0673
lymphocyte count, x10L 193 (154,238 185 (1.23,221)  0047*
 Monocyte count, x10°4 046 (038,053) 044 (033,058 0619
 Neutrophil count, x10°L 313 (250,390) 316 (254405 0373
Platelet count, x10°4 18828:5019 191.00¢6559 0713
NR 161 (27,212 185 (142,249  0011*
PR e85 (619,11817) 10141 (8076,13557) 0112
MR 421 (344,532) 410 (298,519 0172
hsCRR,mglL 106 (06518) 116 (076,348 0038
Abumingl  4290#352 42441366 0354
et 1170 (11.00,1270) | 1240 (1168,1410) 0000™*
CAPTT 2935 (2583,3428) 3025 (2683,3545 0479
N 102 (09511) 108 (102,123  0001*
CwEoD,mm 49 @5y 51 @47,53 0023
CwESDmm 32 (30,3 34 (L3 007"
wDmm  aissssgs 44794571 0000
CwER% 063 (058,067 061 (057,064 0036

APTT — activated partial thromboplastin time; HDL-C — high-density lipoprotein cholesterol; INR — international prothrombin time
standardized ratio; LDL-C — low-density lipoprotein cholesterin; LMR — lymphocyte-to-monocyte ratio; LAD — left atrial diameter;
LVEDD - left ventricular end-diastolic dimension; LVESD — left ventricular end-systolic dimension; LVEF — left ventricular ejection
fraction; PLR — platelet-to-lymphocyte ratio; PT — prothrombin time; Scr — serum creatinine; TC — total cholesterol; TG — triglyceride;
UA — uric acid; * P<0.05, ** P<0.01, *** P<0.001.

Laboratory and Echocardiographic Parameters

Table 2 presents a comparison of laboratory and echocar-
diographic parameters of patients. When compared to the
Nonrecurrent group, patients in the Recurrent group had signif-
icantly lower TC, lower LDL-C, lower lymphocyte counts, lower
LVEF, higher NLR, higher hs-CRP, higher PT, higher INR, higher
LVEDD, higher LVESD, and higher LAD. No significant difference
was found between other parameters.

Logistic Regression Analysis

Univariate analysis showed that persistent AF (HR: 2.550,
95% Cl 1.411-4.607), TC (HR: 0.699, 95% Cl 0.517-0.945),

LDL-C (HR: 0.692, 95% Cl 0.482-0.995), NLR (HR: 1.573, 95% Cl
1.147-2.158), hs-CRP (HR: 1.164, 95% Cl 1.061-1.277), LVEDD
(HR: 1.077, 95% Cl 1.017-1.142), LVESD (HR: 1.062, 95% ClI
1.008-1.120), LAD (HR: 1.101, 95% Cl 1.147-2.158) and LVEF (HR:
0.010, 95% ClI 0.000-0.649) were factors significantly associat-
ed with NVAF recurrence (Table 3). On multivariable analysis,
higher NLR (HR: 1.438, 95% Cl 1.036-1.995), hs-CRP (HR: 1.137,
95% Cl 1.029-1.257) and LAD (HR: 1.089, 95% C| 1.036-1.146)
were independent predictors of NVAF recurrence (Table 4).

ROC Curve Analysis of NLR, hs-CRP, and LAD

Figure 1 depicts the AUC for NLR, hs-CRP, and LAD was 0.603
(95% Cl1 0.525-0.681), 0.584 (95% CI 0.501-0.666), and 0.658
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Table 3. Univariate logistic regression for clinical factors.

Variable B SE Wald 2 HR 95% ClI P value

Persistent AF 0.936 0.302 9.623 2.550 1.411-4.607 0.002**
¢ 038 o014 540 0699 0517-0945 0020
Lc 038 o018 3946 0692 04820995 00a7r
MR o043 o1l 7901 1573 11472158 00057
ChscRP o012 0047 0267 164 10611277 00017
CwEeD 0075 0030 6347 w77 1017-1142 0012
CwEeso o000 0027 503 1062 10081120 0025*
mo o00% o002 13971 L1 11472158 0000
CweF ae04 2129 4678 0010 0000-0649 0031*

B — regression coefficient; HR — hazard ratio; SE — standard error; 95% Cl — 95% confidence interval. * P<0.05, ** P<0.01, *** P<0.001.

Table 4. Multivariate analysis of predictors in correlation with late NVAF recurrence.

Variable B SE Wald %2 HR 95% CI P value
NLR 0.363 0.167 4.721 1.438 1.036-1.995 0.030*
hsCRP 0129 0051 634 1137 10291257 0012
w0 oo o006 11166 1089 10361146  0001%

* P<0.05, ** P<0.01, *** P<0.001.

(95% Cl 0.585-0.732), respectively (Figure 1A-1C). The cut-
off value of NLR, hs-CRP, and LA was 2.33 (sensitivity 31.4%,
specificity 84.5%), 2.025 ng/L (sensitivity 41.4%, specificity
78.8%), and 44.5 mm (sensitivity 57.1%, specificity 70.5%).
The AUC of combination of NLR and hs-CRP was 0.632 (95% Cl
0.551-0.712) with sensitivity of 51.4% and specificity of 73.6%.
The AUC of combination of NLR, hs-CRP, and LAD was 0.684
(95% Cl 0.611-0.757) with sensitivity of 61.4% and specificity
of 68.4% (Figure 1D). DeLong’s test indicated that the combi-
nation of the NLR, hs-CRP, and LAD is more effective than NLR
(P=0.0427) and hs-CRP alone (P=0.0122) but not LAD alone
(P=0.2911) in predicting NVAF recurrence.

Discussion

The current study demonstrated that NLR, hs-CRP, and LAD
were associated with late NVAF recurrence. In addition, the
combination of NLR, hs-CRP, and LAD has the potential to serve
as a simple, comprehensive, and non-invasive approach to as-
sess the risk of NVAF recurrence.

Relapse is common in patients with paroxysmal and persis-
tent atrial fibrillation, but has improved with advances in ab-
lation therapy. Our 78.46% success rate in paroxysmal AF and

58.82% in persistent AF at a follow-up time of 12 months is
similar to that of previous reports [11,12]. In this single-cen-
ter retrospective study, we found persistent AF patients had
higher recurrence rates than in patients with paroxysmal AF.
Interestingly, we observed early recurrence is not an effective
predictor of late recurrence (data not shown). In contrast to
the present results, previous studies found that early recur-
rence was an independent predictor of late relapse in patients
who underwent cryoballoon ablation [13]. Lower serum TC is
an indicator of poor nutrition status. LDL-C is a known risk fac-
tor for ischemic stroke in patients with AF [14]. In this study,
patients in the Recurrence group had significantly lower lip-
id levels, such as serum preoperative TC and LDL-C. However,
we found that lower serum TC and LDL-C levels did not predict
NVAF recurrence. These findings suggest decreased serum TC
and LDL-C can reduce the success rate of RFA in both sexes.

The use of biomarkers to predict relapse has been reported
in previous studies, including myocardial injury biomarker,
brain-type natriuretic peptides, CRP, oxidative stress mark-
ers, and galectin-3 [15,16]. Evidence revealed that accumulat-
ed immune cells triggered inflammatory cascades in arrhyth-
mogenesis and structural remodeling during the progression
of AF. Moreover, thermal necrosis produced by RFA leads to
local or adjacent inflammatory reactions. Many studies have
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Figure 1. Determination of the predictive value of NLR, hs-CRP, and LAD in NVAF. recurrence using SPSS software (SPSS Inc., version
17, Chicago, IL, USA). (A) The AUC=0.603 for NLR, P=0.011; (B) AUC=0.584 for hs-CRP, P=0.038; (C) AUC=0.658 for LAD,
P=0.000; (D) AUC=0.684 for combination of NLR, hs-CRP and LAD combined, P=0.000.

found a strong association of inflammatory marker with risk
of AF [17,18], but there is no consensus about the predictive
role of hs-CRP and NLR in AF recurrence. Yano et al showed
NLR was only useful for predicting late AF recurrence in parox-
ysmal AF [19]. In the present study, we found that higher hs-
CRP and NLR predicted NVAF recurrence 12 months after RFA,
regardless of existence of persistent AF and paroxysmal AF.

Enlarged LVEDD and LVESD reflects the deterioration of left
ventricular systolic function, which can occur during AF [20].
It is known that LA size, including LA diameter and volume, is
a valuable predictor of new-onset AF [21,22]. However, stud-
ies about the predictive role of LVEDD, LVESD, LAD, and LVEF
in AF recurrence are contradictory [23-25]. In our work, we as-
sessed echocardiographic characteristics and found persistent
AF and paroxysmal AF patients in the Recurrent group had en-
larged LVEDD, LVESD, and LAD and impaired LVEF, which was
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congruent with other observations. In line with previous studies,
we found LAD was a significant predictor of late AF recurrence.

In addition, we evaluated NLR »2.025 ng/L, hs-CRP>2.33, and
LAD »>44.5 mm as suitable cut-off values. Zhang and Yuan re-
vealed LAD >44.17 mm predicted the risk of left atrial/left atri-
al appendage thrombosis [26]. Kornej et al found LAD >43 mm
could predict AF recurrence [27]. Our results from ROC curve
analysis showed that the combination of NLR, hs-CRP, and LAD
was superior to NLR and hs-CRP alone in the prediction of AF
relapse. Our data emphasize the importance of monitoring
pre-ablation NLR, hs-CRP, and LAD. NLR and hs-CRP levels are
affected in many diseases, such as malignant tumor, autoim-
mune diseases, and atherosclerosis. Interestingly, we found
that the combination of inflammatory biomarkers and struc-
tural factors can enhance the prediction of NVAF recurrence.
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The present study is the first to show the following results:
i) AF recurrence developed frequently in patients with persis-
tent AF; ii) patients who experienced AF recurrence had low-
er lipid level, higher levels of NLR, hs-CRP, LVEDD, LVESD, and
LAD, and lower LVEF; iii) pre-procedural NLR, hs-CRP, and LAD
can be used as independent predictors; iiii) the combination
of NLR, hs-CRP, and LAD was the most precise method for pre-
diction. The major limitation of this study is its retrospective
single-center design and short follow-up.
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Conclusions

In conclusion, the combination of preoperative NLR, hs-CRP,
and LAD can predict late NVAF recurrence and may be helpful
to risk-stratify patients undergoing initial RFA.
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