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Abstract

Backgound Red cell distribution width (RDW) and neutrophil-to-lymphocyte ratio (NLR) are simple hematologic indices that have
been used to predict adverse outcomes in different clinical settings. The aim of our study is to determine whether RDW and NLR can predict
atrial fibrillation (AF) recurrence in patients undergoing AF ablation. Methods Consecutive patients, without known hematological disor-
ders, who underwent AF catheter ablation between January 2014 and April 2017 were enrolled into this study. Blood samples were taken one
day before and five hours after the ablation procedure. Results A total of 346 patients (224 males (65%), mean age: 59 + 11 years old)
were included. After a mean follow up of 26.2 + 12.1 months, 80 (23.1%) patients experienced late AF recurrence (defined as any recurrence
after the blanking period of three months), while 97 (28%) patients experienced early AF recurrence during the blanking period. Univariate
analysis showed that early arrhythmia recurrence, type of AF and NLR after the procedure were significantly associated with late AF recur-
rence, while early arrthythmia recurrence and NLR remained significant in multivariate analysis. RDW was not associated with late AF re-
currence. None of the parameters above predicted early arrhythmia recurrence. Conclusions Simple and inexpensive hematological indices
such as NLR should be evaluated for their ability to predict AF recurrence in patients undergoing catheter ablation in larger prospective studies.
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the inflammatory status and the stress response.””’ In light of
the well-characterized association between inflammation

1 Introduction

Hematological indices such as red cell distribution width
(RDW) and neutrophil-to-lymphocyte ratio (NLR) have
been associated with incident atrial fibrillation (AF).!"®
RDW reflects variability in the size of circulating erythro-
cytes and is a marker of anisocytosis,”’ while NLR is a sys-
temic inflammatory marker with prognostic significance for
cardiovascular diseases.”® Specifically, a high neutrophil
count reflects subclinical inflammation, and a reduced lym-
phocyte count reflects physiologic stress and poor general
health. As a result, the NLR provides information on both

“Correspondence to: George Bazoukis, MD, MSc, Department of Cardi-
ology, General Hospital of Athens “Evangelismos”, Ipsilantou 47, Athens,
Greece. E-mail: gbazoykis@med.uoa.gr

Received: November 18, 2018 Revised: December 31,2018
Accepted: January 30,2019 Published online: September 28, 2019

and AF,'” a number of studies have evaluated the role of
corticosteroids in preventing AF recurrence after AF cathe-
ter ablation.!""'¥ Specifically, the STEROID-AF study
showed that oral corticosteroids have significant effect in
lowering certain cytokines, but this was not translated to
better outcomes following AF ablation.''! Another random-
ized controlled trial reported that low dose corticosteroids
administered for a short period, shortly after AF ablation
may have a beneficial role in prevention of immediate and
mid-term follow-up AF recurrences.!'” In addition, peripro-
cedural short-term moderate intensity steroid therapy re-
duced early arrhythmia recurrence but it was not effective in
preventing late AF recurrence following AF ablation.!'!
These findings highlight the possible association between
inflammation and AF recurrence in patients undergo cathe-
ter ablation. Furthermore, there is an increased interest in
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finding simple predictors for identifying patients who are at
higher risk of AF recurrence and who might benefit from
adjunctive antiarrhythmic medications post-ablation. There-
fore, we investigated the values of RDW, NLR and other
simple hematological indices for predicting AF recurrence
in patients undergoing AF ablation in our center.

2 Methods

2.1 Patientsand ablation procedure

This retrospective cohort study included consecutive pa-
tients undergoing AF catheter ablation between January
2014 and April 2017 in our center. The exclusion criteria
were those with known hematological disorders. Catheter
ablation was performed under intravenous sedation with
midazolam and remifentanyl by two experienced operators
(Efremidis M and Letsas KP). The ablation procedure has
been described in full details elsewhere.'> In brief, after the
three-dimensional geometry of the left atrium was obtained
using CARTO (Biosense Webster, Inc.), wide circumferen-
tial lesions for isolation of large atrial areas around both
ipsilateral pulmonary veins (PVs) were applied using a 3.5
mm-tip ablation catheter (Thermo Cool Navi-Star and
Smart Touch, Biosense Webster, Inc.). The endpoint of the
ablation was the absence or dissociation of potentials in the
isolated area as documented by the circular mapping cathe-
ter (Lasso, BiosenseWebster, Inc.) placed within each of the
PVs. In addition, exit block was confirmed by pacing
around the circular mapping catheter from within each PV.
Entrance and exit block of the PVs were evaluated 30 min
after the initial isolation. The patients were anticoagulated
using acenocoumarol with a target international normalized
ratio of 2.0-3.0 or direct oral anticoagulants at least four
weeks before and three months after the procedure. We rou-
tinely received blood samples from all patients who under-
went AF catheter ablation one day before and about five
hours after the ablation procedure. We measured a complete
blood count, creatinine and troponin levels.

All patients in our institution underwent routine fol-
low-up post-ablation, as per our institution’s protocol. Spe-
cifically, patients were evaluated every week at the dedi-
cated arrhythmia outpatient clinic of our institution for the
first month after the procedure. Patients had follow-up visits
with a 24-h Holter electrocardiogram at 1, 3, 6, 9, 12
months and for every 6 months thereafter or whenever they
developed symptoms consistent with recurrent AF. Antiar-
rhythmic drugs, except amiodarone, were discontinued five
days before the ablation procedure and were re-initiated on
the next day only in patients with non-paroxysmal AF for
three months after the procedure. Amiodarone was discon-

tinued for four weeks before the procedure to allow enough
time for wash out while non-paroxysmal AF patients were
reloaded after the procedure.l"” The study was approved by
the Hospital’s Ethics Committee.

22 Statigtical analysis

Continuous variables are presented as mean + SD, while
categorical ones are presented as absolute and relative fre-
quencies (percentages). Continuous variables were tested
for normal distribution using the Kolmogorov-Smirnov test.
Continuous variables with and without normal distribution
were compared using Student’s t-test or the Mann-Whitney
U test, respectively. Pearson’s chi-square or Fisher’s exact
test were used to test for any associations between two
categorical variables. We examined univariate models and
multivariate models with forward selection of variables per
likelihood ratio criteria by using binary logistic regression
analysis. Variables with a univariate P-value < 0.2 were
included in the multivariable model (Hosmer-Lemeshow).
Receiving operating characteristics curve (ROC) was per-
formed to assess the best cutoff value of significant contin-
ues variables to predict AF recurrence. Analyses were per-
formed with SPSS (version 17.0, SPSS Inc., Chicago, IL,
USA) and all reported P-values are two-tailed. Dou-
ble-sided P-values less than 0.05 were considered as indica-
tive of statistical significance.

3 Reaults

A total of 346 patients (224 males (65%), mean age: 59 +
11 years), who were followed for a mean period of 26.2+
12.1 months, were included. The indication for AF ablation
was symptomatic AF (paroxysmal AF: 216 (62%), persis-
tent AF: 121 (35%), long standing persistent AF: 9 (3%))
refractory to antiarrhythmic drugs. During follow-up, 80
(23%) patients experienced late AF recurrence (defined as
any recurrence after the blanking period of three months),
while 97 (28%) patients experienced early AF recurrence
during the blanking period. Of the different hematological
indices studied, only NLR after ablation was significantly
associated with late AF recurrence during after ablation (P =
0.035). By contrast, RDW before or after ablation procedure
was not significantly associated with late arrhythmia recur-
rence. Other factors significantly associated with late recur-
rence of AF were early arrhythmia recurrence (P = 0.023),
type of AF (P = 0.0009) and procedure time (0.041) (Table
1). Multivariate analysis was performed, including variables
with P < 0.2 on univariate analysis. This revealed early ar-
rhythmia recurrence (OR = 1.94, 95% CI: 1.11-3.41, P =
0.02) and NLR post-ablation (OR = 1.1, 95% CI: 1.01-1.20,
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Table 1. Basdine characteristics, procedural characteristics
and hematological indices between patients with and without
lateatrial fibrillation recurrence.

Lateatrial fibrillation recurrence

Yes(n=80, No (n = 266, value
23.1%) 76.9%)
Follow-up, months 283+£11.9 255+12.1 0.05
Hematological indices before ablation
NLR 2.04+0.74 2.12+1.36 0.43
WBC, cells/uL 7179 £1930 7454+£2110  0.30
Platelets, x 10°/L 234 +£55 234+63 0.57
RBC, x 10%uL 4.93+0.50 4.93+0.55 0.99
RDW-SD, fL 42.8+3.20 42.4+4.40 0.28
RDW-CV 13.7% + 1.00% 13.8% + 1.68% 0.85
RDW-SD/PDW 3.12+0.49 3.10+£0.53 0.53
Troponin, ng/L 7.55+6.40 10.1+33.4 0.89
Creatinine, mg/dL 0.85+0.19 0.85+£0.25 0.44

Hematological indices after ablation

NLR 6.27 +3.64 525+2.83 0.04
WBC cells/pL 9821 + 3077 9493 £2689  0.41
Platelets, x 10°/L 195+47 201 +54 0.67
RBC, x 10%uL 4.42+045 4.52+0.53 0.21
RDW-SD fL 42.1+£322 41.8+4.80 0.63
RDW-CV 13.5%+0.95% 13.7%+1.67% 1.00
RDW-SD/PDW 3.17+0.54 3.16 £0.55 0.57
Troponin, mg/dL 808.5 + 447 960.7 £ 635 0.09
Baseline characteristics
Male sex 53 (66.3%) 171 (64.3%)  0.75
Age, yrs 59.6+10.3 58.6+11.2 0.57
Paroxysmal AF 40 (50%) 176 (66.2%)  0.01
Hypertension 46 (57.5%) 129 (48.5%)  0.19
Diabetes 6 (7.5%) 27 (10.2%) 0.47
Dyslipidemia 31 (38.8%) 101 (38%) 0.94
Coronary artery disease 6(7.5%) 11 (4.1%) 0.23
Antiarrhythmic drugs

B-blockers 58 (72.5%) 183 (68.8%)  0.74
Class Ic (flecainide,

46 (57.5%) 139(52.3%)  0.53
propafenone)
Sotalol 20 (25%) 63 (23.7%) 0.90
Amiodarone 19 (23.8%) 58 (21.8%) 0.80

Procedure characteristics

Fluoroscopy time, min 15.7+83 16.5+8.2 0.42

Procedure time, min 186.9 +56.7 174.4 + 53 0.04

Radio-frequency time, min 30.15+1.47 2996+245  0.08
Complications

Stroke 4 (5%) 3(1.1%) 0.03

Tamponade 0 1 (0.4%) 0.59

Early arrhythmia recurrence 31 (38.8%) 66 (24.8%) 0.02

P = 0.03) were significantly associated with late AF recur-
rence. No significant association between hematological in-
dices and early arrhythmia recurrence was found (Table 2).

Table 2. Basdline characteristics, procedural characteristics
and hematological indices between patients with and without
early atrial fibrillation recurrence.

Early atrial fibrillation recurrence P-
Yes(n=97,28%) No(n=249, 72%) value

Follow-up, months 25.6+125 264+11.9 0.51
Hematological indices before ablation
NLR 1.94+0.79 2.16+1.37 0.31
WBC, cells/uL 7396 +£2118 7376 + 1954 0.97
Platelets, x 10°/L 237+74 233 +£56 0.90
RBC, x10%/uL 493 £0.54 493 +0.54 0.89
RDW-SD, fL 42.8+43 423+4.1 0.67
RDW-CV 13.9% + 1.8% 13.7% + 1.4% 0.23
RDW-SD/PDW 3.1+0.53 3.1+0.52 0.91
Troponin, ng/L 6.98 +5.59 10.5+34.7 0.84
Creatinine, mg/dL 0.85+0.25 0.84+0.2 0.99
Hematological indices after ablation
NLR 5.62+£3.27 5.43+2.99 0.88
WBC cells/pL 9545 £ 2666 9579 + 2832 0.89
Platelets, x 10°/L 202 +62.3 198 £48.6 0.96
RBC, x 10%uL 447+0.51 4.5+0.52 0.58
RDW-SD, fL 424+44 41.7+4.52 0.36
RDW-CV 13.8% + 1.8% 13.6% + 1.4% 0.22
RDW-SD/PDW 3.15+0.56 3.17+0.54 0.77
Troponin, mg/dL 968 £ 626 909 + 589 0.57
Baseline characteristics
Male sex 62 (63.9%) 162 (65.1%) 0.84
Age, yrs 59.6 +10.3 58.6+11.2 0.92
Paroxysmal AF 54 (55.7%) 162 (65.1%) 0.11
Hypertension 50 (51.5%) 125 (50.8%) 0.90
Diabetes 11 (11.3%) 22 (8.9%) 0.49
Dyslipidemia 33 (34%) 99 (40.1%) 0.3
Coronary artery disease 4 (4.1%) 13 (5.3%) 0.66
Antiarrhythmic drugs
Class Ic 55 (58.5%) 130 (54.9%) 0.55
f-blockers 75 (78.1%) 166 (69.5%) 0.11
Sotalol 28 (29.2%) 55 (23%) 0.24
Amiodarone 26 (27.1%) 51 (21.3%) 0.26

Procedure characteristics

Fluoroscopy time, min 157+83 16.5+8.2 0.67

Procedure time, min 230.5+403 1744 +£53 0.004
Complications

Stroke 2(2.1%) 5(2%) 0.99

Tamponade 0 1(0.4%) 0.53

Data are presented as mean + SD or n (%). AF: atrial fibrillation; NLR: neu-
trophil to lymphocyte ratio; PDW: platelet distribution width; RBC: red blood
cells; RDW-CV: red cell distribution width-coefficient variation; RDW-SD:
red cell distribution width-standard deviation; WBC: white blood cells.

Data are presented as mean £ SD or n (%). AF: atrial fibrillation; NLR:
neutrophil to lymphocyte ratio; PDW: platelet distribution width; RBC: red
blood cells; RDW-CV: red cell distribution width-coefficient variation; RDW-
SD: red cell distribution width-standard deviation; WBC: white blood cells.
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In ROC analysis, a NLR after ablation > 3.9 had a 70%
sensitivity and 38% specificity for predicting late AF recur-
rence (AUC = 0.58, 95% CI: 0.51-0.65, P = 0.035). We
subsequently performed subgroup analysis regarding the
type of AF (paroxysmal AF: 216 patients, non-paroxysmal
AF: 130 patients). In paroxysmal AF patients, we did not
find any statistically significant differences in either base-
line characteristics or hematological indices (before or after
ablation procedure) between patients with or without late
AF recurrence. On the other hand, in non-paroxysmal AF
patients, univariate analysis showed that lower platelet dis-
tribution width (PDW) levels after ablation (P = 0.03) and
higher RDW-SD/PDW (P = 0.01) and troponin levels (P =
0.04) after the ablation procedure were significantly associ-
ated with late AF recurrence. However, the statistical sig-
nificance was lost for these hematological indices in multi-
variate analysis.

4 Discussion

The main findings of our study are that NLR after abla-
tion procedure and early arrhythmia recurrence were sig-
nificantly associated with late AF recurrence in patients
undergoing AF catheter ablation while we did not find a
significant association between RDW and late AF recur-
rence.

Several studies have investigated the possible associa-
tions between simple electrocardiographic ' and hemato-
logical markers, such as RDW and NLR, and AF ablation
outcomes.””* 2! Elevated RDW and pre-ablation NLR have
been found to be predictors of AF recurrence following
cryoballoon-based AF ablation,”'® while pre-ablation white
blood cell count was also found to significantly associated
with AF recurrence after catheter ablation."” Consistent with
our results, Guo and colleagues found that post-ablation
NLR was associated with higher AF recurrence rates after
the ablation procedure.””! Similarly, a meta-analysis showed
that high NLR, whether baseline or post-surgery/procedure,
is associated with an increased risk of AF recurrence/occu-
rrence after CABG, catheter ablation or cardioversion.”
Additionally, post-ablation NLR has been found to be an
independent predictor for early arrhythmia recurrence,*”
which is an important finding because early arrhythmia re-
currence is significantly associated with late arrhythmia
recurrence as revealed from the present study. However, our
study did not show significant association between pre- or
post-ablation NLR and early arrhythmia recurrence.

Regarding the pathophysiology of the revealed associa-
tion between NLR with late arrhythmia recurrence, the NLR
provides information on both the inflammatory status and

the stress response while the accumulating neutrophils con-
tribute to atrial remodeling through the release of pro-in-
flammatory mediators.””! The findings of previous studies
indicating that pre-ablation NLR levels were significantly
associated with adverse ablation outcomes support the no-
tion that pre-ablation inflammatory environment may have a
role in AF recurrence and thus could be a pharmacological
target to improve post-procedure outcomes. For example,
previous studies investigated the role of corticosteroids in
preventing AF recurrence after AF catheter ablation.!'' ')
Future prospective studies are needed on this area and they
will need to take into account other contributing factors
towards AF recurrence, such as the ablation technique
used,?* heart failure status,’ and electrophysiological sub-
strates present at baseline and revealed during ablation by
adenosine testing.”%!

4.1 Conclusions

In conclusion, NLR after ablation procedure was found
to be significantly associated with late AF recurrence in
patients undergoing AF catheter ablation. Whether post-
ablation NLR levels can be used as a risk stratification tool
to identify patients at higher risk of AF recurrence remains
to be determined. This has the potential to change common
practice as this subgroup may benefit from adjunct antiar-
rhythmic medications after the procedures.

4.2 Limitations

Our study is a retrospective small sized single-center ob-
servational study. Importantly, the follow-up monitoring for
the detection of arrhythmia recurrence was performed via
24-h or 48-h Holter recordings and 12-lead electrocardio-
grams. More thorough methods of monitoring, such as loop
recorders, 7-day Holter monitoring, can be used in the fu-
ture to improve AF detection rates.

Acknowledgments

This research received no specific grant from any fund-
ing agency in the public, commercial or not-for-profit sec-
tors. The authors have no conflicts of interest to declare.

References

1 Adamsson Eryd S, Borne Y, Melander O, et al. Red blood cell
distribution width is associated with incidence of atrial fibril-
lation. J Intern Med 2014; 275: 84-92.

2 Shao Q, Chen K, Rha SW, et al. Usefulness of neutro-
phil/lymphocyte ratio as a predictor of atrial fibrillation: a
meta-analysis. Arch Med Res 2015; 46: 199-206.

3 Weymann A, Popov AF, Sabashnikov A, et al. Baseline and

Journal of Geriatric Cardiology | jgc@jgc301.com; http://www.jgc301.com



Bazoukis G, et al. Hematological predictors of atrial fibrillation recurrence

675

10

11

12

13

14

postoperative levels of C-reactive protein and interleukins as
inflammatory predictors of atrial fibrillation following cardiac
surgery: a systematic review and meta-analysis. Kardiol Pol
2018; 76: 440-451.

Weymann A, Ali-Hasan-Al-Saegh S, Popov AF, et al. Hae-
matological indices as predictors of atrial fibrillation follow-
ing isolated coronary artery bypass grafting, valvular surgery,
or combined procedures: a systematic review with meta-analysis.
Kardiol Pol 2018; 76: 107-118.

Weymann A, Ali-Hasan-Al-Saegh S, Sabashnikov A, et al.
Prediction of new-onset and recurrent atrial fibrillation by
complete blood count tests: a comprehensive systematic re-
view with meta-analysis. Med Sci Monit Basic Res 2017; 23:
179-222.

Shao Q, Korantzopoulos P, Letsas KP, et al. Red blood cell
distribution width as a predictor of atrial fibrillation. J Clin
Lab Anal 2018; 32: 22378.

Ntaios G, Chatzinikolaou A, Saouli Z, et al. Discrimination
indices as screening tests for beta-thalassemic trait. Ann He-
matol 2007; 86: 487-491.

Uthamalingam S, Patvardhan EA, Subramanian S, et al. Util-
ity of the neutrophil to lymphocyte ratio in predicting long-
term outcomes in acute decompensated heart failure. Am J
Cardiol 2011; 107: 433-438.

Canpolat U, Aytemir K, Yorgun H, et al. Role of preablation
neutrophil/lymphocyte ratio on outcomes of cryoballoon-
based atrial fibrillation ablation. Am J Cardiol 2013; 112:
513-519.

Frustaci A, Chimenti C, Bellocci F, et al. Histological sub-
strate of atrial biopsies in patients with lone atrial fibrillation.
Circulation 1997; 96: 1180-1184.

Iskandar S, Reddy M, Afzal MR, et al. Use of oral steroid and
its effects on atrial fibrillation recurrence and inflammatory
cytokines post ablation—the steroid AF study. J Atr Fibrilla-
tion 2017; 9: 1604.

Koyama T, Tada H, Sekiguchi Y, et al. Prevention of atrial
fibrillation recurrence with corticosteroids after radiofre-
quency catheter ablation: a randomized controlled trial. J Am
Coll Cardiol 2010; 56: 1463-1472.

Kim YR, Nam GB, Han S, et al. Effect of short-term steroid
therapy on early recurrence during the blanking period after
catheter ablation of atrial fibrillation. Circ Arrhythm Electro-
physiol 2015; 8: 1366-1372.

Lei M, Gong M, Bazoukis G, et al. Steroids prevent early
recurrence of atrial fibrillation following catheter ablation: a
systematic review and meta-analysis. Biosci Rep 2018; 38:
BSR20180462.

15

17

18

19

20

21

22

23

24

25

26

Efremidis M, Letsas K, Giannopoulos G, et al. Early pulmo-
nary vein reconnection as a predictor of left atrial ablation
outcomes for paroxysmal atrial fibrillation. Europace 2015;
17: 741-746.

Efremidis M, Vlachos K, Letsas KP, et al. Targeted ablation
of specific electrogram patterns in low-voltage areas after
pulmonary vein antral isolation in persistent atrial fibrillation:
Termination to an organized rhythm reduces atrial fibrillation
recurrence. J Cardiovasc Electrophysiol 2019; 30: 47-57.

Tse G, Wong CW, Gong M, et al. Predictive value of inter-
atrial block for new onset or recurrent atrial fibrillation: A
systematic review and meta-analysis. Int J Cardiol 2018; 250:
152-156.

Gurses KM, Yalcin MU, Kocyigit D, et al. Red blood cell
distribution width predicts outcome of cryoballoon-based
atrial fibrillation ablation. J Interv Card Electrophysiol 2015;
42:51-58.

Letsas KP, Weber R, Burkle G, et al. Pre-ablative predictors
of atrial fibrillation recurrence following pulmonary vein iso-
lation: the potential role of inflammation. Europace 2009; 11:
158-163.

Im SI, Shin SY, Na JO, et al. Usefulness of neutrophil/lym-
phocyte ratio in predicting early recurrence after radiofre-
quency catheter ablation in patients with atrial fibrillation. Int
J Cardiol 2013; 168: 4398-4400.

Selvendran S, Aggarwal N, Li J, et al. The role of myocardial
fibrosis in determining the success rate of ablation for the
treatment of atrial fibrillation. Minerva Cardioangiol 2017; 65:
420-426.

Guo X, Zhang S, Yan X, et al. Postablation neutrophil/lym-
phocyte ratio correlates with arrhythmia recurrence after
catheter ablation of lone atrial fibrillation. Chin Med J (Engl)
2014; 127: 1033-1038.

Tecchio C, Micheletti A, Cassatella MA. Neutrophil-derived
cytokines: facts beyond expression. Front Immunol 2014; 5:
508.

Li KHC, Dong M, Gong M, et al. Atrial fibrillation recurrence
and peri-procedural complication rates in nmarq vs. conven-
tional ablation techniques: a systematic review and meta-
analysis. Front Physiol 2018; 9: 544.

Bazoukis G, Letsas KP, Tse G, et al. Predictors of arrhythmia
recurrence in patients with heart failure undergoing left atrial
ablation for atrial fibrillation. Clin Cardiol 2018; 41: 63-67.
Chen C, Li D, Tse G, et al. Clinical implications of unmask-
ing dormant conduction after circumferential pulmonary vein
isolation in atrial fibrillation using adenosine: a systematic re-
view and meta-analysis. Front Physiol 2019; 9: 1861.

http://lwww.jgc301.com; jgc@jgc301.com | Journal of Geriatric Cardiology



