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Abstract

Background Previous reports demonstrated that the early recurrence of atrial fibrillation (ERAF) after pulmonary vein isolation
(PVI) was associated with the inflammatory process. The neutrophil to lymphocyte ratio (NLR) and platelet to lymphocyte ratio
(PLR) have been proposed as indicators of a systemic inflammatory response. However the relationship between NLR/PLR and
clinical outcomes after PVI remains unclear. Methods and Results We enrolled 633 consecutive atrial fibrillation (AF) patients
who underwent PVI from September 2014 to June 2018. The NLR and PLR in peripheral blood leukocytes 1 day before and
36-48 hours after PVI were measured. We compared the NLR and PLR changes in each parameter (ΔNLR and ΔPLR) between

a late recurrence of AF group after the PVI (LRAF, during 1 year after PVI) and the no-LRAF group. We also evaluated

the relationship between the ΔNLR /ΔPLR and pulmonary vein (PV) reconnections in repeated ablation procedures. The

LRAF patients consisted of 151 patients (23.9%). The ΔNLR and ΔPLR were significantly higher in the LRAF group than

no-LRAF group (p=0.021, p=0.011). The ΔNLR in the initial ablation sessions was significantly higher in patients with right

PVs reconnections than in those without in the repeat ablation sessions (0.914±1.199 vs 2.316±3.615, p=0.032). Conclusion

The NLR and PLR changes were associated with an LRAF. A higher NLR change in the initial ablation session was associated

with a right PV reconnection in the repeat ablation session.
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Abstract

Background

Previous reports demonstrated that the early recurrence of atrial fibrillation (ERAF) after pulmonary vein
isolation (PVI) was associated with the inflammatory process. The neutrophil to lymphocyte ratio (NLR) and
platelet to lymphocyte ratio (PLR) have been proposed as indicators of a systemic inflammatory response.
However the relationship between NLR/PLR and clinical outcomes after PVI remains unclear.

Methods and Results We enrolled 633 consecutive atrial fibrillation (AF) patients who underwent PVI
from September 2014 to June 2018. The NLR and PLR in peripheral blood leukocytes 1 day before and
36-48 hours after PVI were measured. We compared the NLR and PLR changes in each parameter (ΔNLR
and ΔPLR) between a late recurrence of AF group after the PVI (LRAF, during 1 year after PVI) and the
no-LRAF group. We also evaluated the relationship between the ΔNLR /ΔPLR and pulmonary vein (PV)
reconnections in repeated ablation procedures. The LRAF patients consisted of 151 patients (23.9%). The
ΔNLR and ΔPLR were significantly higher in the LRAF group than no-LRAF group (p=0.021, p=0.011).
The ΔNLR in the initial ablation sessions was significantly higher in patients with right PVs reconnections
than in those without in the repeat ablation sessions (0.914±1.199 vs 2.316±3.615, p=0.032).

Conclusion

The NLR and PLR changes were associated with an LRAF. A higher NLR change in the initial ablation
session was associated with a right PV reconnection in the repeat ablation session.

Key Words: atrial fibrillation; pulmonary vein isolation; inflammation; recurrence of atrial fibrillation
after pulmonary vein isolation; neutrophil-to-lymphocyte ratio; platelet-to-lymphocyte ratio; left atrium-
pulmonary vein reconnection.

INTRODUCTION

Atrial fibrillation (AF) is the most common arrhythmia. Pulmonary vein isolation (PVI) has become esta-
blished as a standard therapy for patients with drug-refractory paroxysmal atrial fibrillation (PAF)1-3 since
extra-systoles from pulmonary veins (PV) are the most common AF trigger activity.4 The efficacy and sa-
fety of the PVI of AF have been reported in several randomized trials.5-7 There are many studies that have
evaluated the predictors of recurrences after PVI.8-10 The inflammatory response level after ablation was
significantly associated with early recurrence of AF/atrial tachycardia (AT) (ERAF) within 3 days after the
procedure.11-12 Several reports have shown that the incidence of an ERAF after PVI is approximately 40%
and ERAFs are only a transient phenomenon attributed to the ablation related inflammatory process.13

On the contrary, there was a report that showed AF recurrence within 48 hours of a PVI was a predictor
of a poor clinical outcome on follow-up.14The relationship between the inflammation level and hemogram
parameters such as the neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) have
been proposed as reliable indicators of the immune activation and inflammation.15-16 Their measurements
have proven to be useful prognostic biomarkers in cardiovascular disease.17 However, it is unclear whether
the NLR and PLR are associated with ERAFs or late recurrences of AF (LRAFs). Therefore, in the present
study, we aimed to investigate the relationship between the hemogram parameters (NLR and PLR) and
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ERAFs and LRAFs after the PVI. Secondly, we aimed to investigate the association between the hemogram
parameters and electrophysiological findings in the repeat ablation sessions.

METHODS

2.1 Study populations

We enrolled AF patients who underwent a PVI from September 2014 to June 2018 in our hospital. All patients
received a detailed informed consent and the study protocol was approved by the hospital’s institutional
review board.

2.2 Echocardiography study

All patients underwent transthoracic echocardiography before the ablation. The left atrial diameter was
measured at end-systole on the M-mode image obtained from the parasternal long-axis view. Transthoracic
echocardiography was performed with a 5 MHz multiplane probe and live images were interpreted by ex-
perienced physicians who were blinded to the outcome of the ablation. Transesophageal echocardiography
prior to the PVI was performed to exclude any left atrial or left atrial appendage thrombi.

2.3 Ablation procedure

All antiarrhythmic drugs were discontinued for at least 5 half-lives before the ablation. In our hospital, all
AADs were discontinued before PVI because the previous study demonstrated AADs, in particular Na+

channel blocker, suppressed extra systole from pulmonary vein.18 Anticoagulation therapy was started at
least 3 weeks before the ablation procedure. A bolus infusion of 25mg of hydroxyzine pamoate and 15mg of
pentazocine were intravenously administered before the ablation procedure. The ablation procedure was per-
formed under mild sedation obtained with propofol and dexmedetomidine and the patients received adaptive
servoventilation. An esophagus temperature monitoring catheter via the nose was placed. A duo-decapolar
catheter (BeeAT, Japan Lifeline Co., Tokyo, Japan) was placed in the coronary sinus through the right
internal jugular vein. If the patient was in AF, internal atrial cardioversion was performed with 15–20J of
biphasic energy. We performed a transseptal puncture under guidance with the SoundStar 3D Ultrasound
Catheter (Biosense Webster, Diamond Bar, CA, USA) from the right atrium. After the transseptal puncture,
2 long sheaths (8.5Fr SL0, Abbott, Chicago, IL, USA) were inserted into the left atrium. A 100 IU/kg body
weight bolus of heparin was administered following the transseptal puncture and heparinized saline was con-
tinuously infused to maintain the activated clotting time at 300-350 second. One circular mapping catheter
was deployed in the superior and inferior PVs and the left-sided then right-sided ipsilateral PVs were circum-
ferentially ablated guided by three-dimensional left atrium mapping (CARTO3, Biosense-Webster, Diamond
Bar, CA, USA). The PVI was performed with a 3.5 mm ablation catheter with an externally-irrigated tip
(ThermoCool® SmartTouch® Catheter, Biosense-Webster, Diamond Bar, CA, USA). Radiofrequency cur-
rent was delivered with a power of up to 30W and limited to 20W near the esophagus for 25 seconds. The
PVI was considered successful when all ostial PV potentials were abolished during coronary sinus pacing
and was also confirmed by PV pacing under an isoproterenol (under increasing heart rate) and ATP bolus
administration (40mg). Cavo-tricuspid isthmus block was performed when isthmus dependent atrial flutter
was clinically confirmed or under the operators’ judgement. When AF persisted after the PVI or firing sites
of atrial premature contraction triggers were detected, a substrate modification was sequentially performed.

2.4 Biomarkers

We measured the white blood cells (WBCs), hemograms (neutrophils, lymphocytes and monocytes), plate-
lets, and high sensitive C-reactive protein (hs-CRP) levels 1 day before and 36-48 hours after the ablation.
We calculated the NLR and PLR before and after the ablation, respectively. The ΔNLR and ΔPLR were
calculated as below:

ΔNLR = [NLR after ablation] – [NLR before ablation], ΔNLR = [PLR after ablation] – [PLR before
ablation], respectively.

2.5 Follow-up
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After the ablation, no antiarrhythmic medications were prescribed. The patients underwent continuous
electrocardiogram (ECG) monitoring for approximately 3 days (until discharge) after the ablation. They
came to our cardiology clinic 1 month after the ablation. Subsequent follow-ups were performed every 3
months at the clinic. The follow-up visits included a clinical interview, ECG, blood examination, 24 hour
Holter monitoring or portable ECG (2 week cardiac event recording), and echocardiography. Patients with
palpitations or other chest symptoms underwent a portable ECG. Recurrence after the ablation was defined
as AF/AT documented on the ECG or AF/AT continuing longer than 30 seconds on the Holter or portable
ECG. AF/AT during the first 3 months after the ablation (blanking period) was considered as an ERAF
and AF/AT of more than 3 months after the ablation was considered as an LRAF.

2.6 Statistical analysis

JMP 14 statistical software (SAS Institute Inc., Cary, North Carolina, USA) was used for the statistical
analysis. Continuous parameters were expressed as the mean ± standard deviation. Two-group comparisons
were analyzed by an unpaired 2-tailed Student’s t test. Categorical data were expressed as the number
(percentage) and were compared using the Chi-square test. A multiple-group comparison was performed by
a one-way ANOVA followed by the Tukey-Kramer HSD test for a comparison of the means.

RESULTS

3.1 Patient characteristics

We enrolled 633 AF patients who underwent a PVI from September 2014 to June 2018 in our hospital.
The clinical characteristics of the patients in the LRAF and non-LRAF groups are shown in Table 1. The
age, body surface area, ratio of hypertension, and diabetes mellitus did not differ significantly between the
two groups. The ratio of females, chronic heart failure, and a history of a stroke were higher in the LRAF
group than non-LRAF group (p=0.024, p=0.040, p=0.037, respectively). There was a significant difference
in the CHADS2 VASC score between the two groups (p=0.023) due to the ratio of females. The ratio of
PAF was higher in the LRAF group than non-LRAF group (p<0.001). Plasma brain natriuretic peptide
(BNP) level was significantly higher in LRAF group than in non-LRAF group (195.2 ± 217.5 pg/ml vs
144.7 ± 169.3 pg/ml, p=0.003). In the echocardiographic parameter, left ventricular end-diastolic diameter
(LVDd), left ventricular end-systolic diameter (LVDs), and left ventricular ejection fraction (LVEF) did not
differ significantly between the two groups. The mean left atrium diameter (LAD) was 45.8 ± 5.27 mm and
44.1 ± 6.16 mm in the LRAF and non-LRAF groups, respectively (p=0.003). The ratio of severe mitral
regurgitation (MR) and tricuspid regurgitation (TR) did not differ between the two groups.

3.2 Oral medication

The oral medications before the ablation are shown in Table 1. The ratio of the patients administered
direct oral anticoagulants was significantly higher in the non-LRAF group than LRAF group. The ratio
of the patients administered anti-arrhythmic drugs, beta-blockers, angiotensin-converting enzyme inhibi-
tors/angiotensin II receptor blockers, digitalis, and statins did not differ significantly between the two groups.

3.3 Procedure characteristics

The procedural characteristics of the patients in the LRAF and non-LRAF groups are shown in Table 2. The
ratio of cavo-tricuspid isthmus block, superior vena cava isolation, and left atrium posterior wall isolation did
not differ significantly between the two groups. The ratio of a non-PV trigger ablation and atrial tachycardia
ablation was significantly higher in the LRAF group than non-LRAF group (p<0.001, p=0.021, respectively)

3.4 Biomarkers associated with inflammation

The average follow-up duration was 2.7 ± 1.3 years. There were no significant differences in the number of
the WBCs, ratio of the neutrophils, and lymphocytes before the ablation between the LRAF and non-LRAF
groups (Table 3). No significant difference was demonstrated in the CRP level and number of platelets before
the ablation between the two groups (Table 3). After ablation there were also no significant differences in
these biomarkers between the two groups (Table 3).
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The ERAF patients consisted of 203 patients (32.1%). The ΔNLR and ΔPLR were significantly higher in
the ERAF than no-ERAF group (1.464 ± 2.756 vs 0.779 ± 1.464, 6.390 ± 60.76 vs -2.751 ± 41.38, p<0.001,
p=0.027, respectively).

Between the LRAF and no-LRAF groups, the NLR after ablation and ΔNLR were significantly higher in
the LRAF and no-LRAF groups (3.747 ± 3.033 vs 3.288 ± 1.766, 1.324 ± 2.911 vs 0.896 ± 1.596, p=0.022,
p=0.021, respectively), while there were no significant differences in the NLR before the ablation (2.422 ±
1.480 vs 2.392 ± 1.173, p=0.793, Figure1A). The PLR after the ablation and ΔPLR were significantly higher
in late recurrence and no-late recurrence groups (147.0 ± 80.09 vs 133.4 ± 58.87, 8.993 ± 61.61 vs -2.569
± 43.43, p=0.022, p=0.011, respectively), but there were no significant differences in the PLR before the
ablation between the 2 groups (135.8 ± 59.65 vs 136.0 ± 53.90, p=0.981, Figure1B).

3.5 Electrophysiological findings in repeat ablation sessions

The LRAF group consisted of 151 patients (23.9%) and repeat ablation sessions were performed in 76 patients
in the LRAF group (50.3%). The average duration from the 1st session to the repeat ablation session was
8.6±7.1 months. A reconnection of any of the PVs was identified in 55 of 76 patients (72.4%). No significant
difference was observed in the ΔNLR between the patients without a PV reconnection and those with a PV
reconnection (1.120±1.323 vs 1.880±3.234, p=0.302, Figure 2A). However, theΔNLR was significantly higher
in the patients with a right PV reconnection than in those without a right PV reconnection (0.914±1.199 vs
2.316±3.615, p=0.032, Figure 2B). No significant difference was observed in the ΔPLR between the patients
without a PV reconnection and those with a PV reconnection (8.233±45.00 vs 21.84±74.11, p=0.434, Figure
2C). No significant difference was observed in the ΔPLR between the patients with a right PV reconnection
and those without a right PV reconnection (10.20±36.54 vs 24.82±85.21, p=0.349, Figure 2D).

In 55 patients, 1 PV, 2PV, 3PV, and 4PV reconnections in repeat ablation sessions were detected in 12, 23, 7,
and 13 patients, respectively. There was a tendency for the ΔNLR to increase as the number of reconnected
PVs increased, but there was no significant difference in the ΔNLR between the two groups (Figure 3).

DISCUSSION

The present study highlighted the following results. (1) Higher NLR and PLR changes were associated with
a late recurrence of AF/AT after the PVI. (2) An NLR change was significantly higher in the patients with
right PV reconnections than in those without right PV reconnections.

Radiofrequency catheter ablation of atrial arrhythmias is known to cause an increase in various markers
of inflammation and myocardial injury.19-20 Infiltration of inflammatory cytokines (IL-1, IL-8, TNF-α) into
myocardial injury sites induces hematopoietic factors.21-22 These factors stimulate hematopoiesis of neu-
trophils in bone marrow and a rapid supply of neutrophils from the bone marrow pool. Although segmented
cells are the main neutrophils in peripheral blood, in an inflammatory status, the number of stab cells and
metamyelocytes increases. Increasing the number of neutrophils also leads to an enhancement in the blood
viscosity and hypercoagulability by causing an interaction in the platelets and endothelium.23 Neutrophils
suggest nonspecific inflammation and the decrease in the number of lymphocytes reflects the inflammation.24

Low lymphocyte counts have been reported to be related to inflammation.25 The NLR, therefore, more ef-
fectively reveals inflammation than the neutrophil count.23 The NLR is a powerful independent indicator
of a prognosis in systemic inflammation, atherosclerotic heart disease, and cancer patients.26-27 The PLR
is an easy to perform blood test associated with a poor prognosis when elevated in patients suffering from
various oncologic disorders.28-29 The PLR is also a strong independent indicator of a prognosis in systemic
inflammation such as in critical limb ischemia and collagen disease.30-31

A previous study demonstrated that inflammation was increasingly recognized to play a significant role in
the genesis and perpetuation of AF.32-33 Koyama et al. reported an immediate AF recurrence is closely
associated with an acute inflammatory process and over 70% of patients with an early AF recurrence have
AF episodes 3 months after ablation.11 The relationship between an ERAF and LRAF remains unclear,
but several reports have shown the relationship between an ERAF and the durability of the PVI34, and
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overt ERAFs require the reconnection of a critical number of fibers at the level of the PV-LA junction.35

Probably the reconnection of the left atrium and PVs, presence of non-PV foci triggering AF, and other
mechanisms might be associated with LRAFs, but according to the relationship between an ERAF and
LRAF, an acute inflammatory response after a PVI is one of the most important risk factors for an LRAF.
In our study, the ΔNLR and ΔPLR were higher in patients with an ERAF than in the no-ERAF group,
and as a result, the mechanism of the ERAF was possibly associated with an inflammatory process. We also
demonstrated that the ΔNLR was higher in patients with a right PV reconnection than in those without
a right PV reconnection (0.914±1.199 vs 2.316±3.615, p=0.032, Figure 2B). Recent reports have shown
that patients with an ERAF have a significantly higher rate of PV reconnections, in particular of right
PV reconnections (82.5% vs 29.2%).35 They also showed that a higher number of right PVI segments with
reconnections were observed in those with an ERAF as compared to those without. It is unclear why the
right PV reconnections were associated with ERAFs. Presently it remains unclear whether a durable right
PV isolation will positively impact the ERAF expression and long-term outcomes. A hypothesis to explain
this result is that radiofrequency current is delivered with a high power on the right PV anterior line, which
has a thick wall and the posterior line consisting of fiber bundles, while the radiofrequency current is limited
on the left posterior line near the esophagus.

In the LRAF group, the ratio of persistent AF (PerAF) patients was significantly higher than that in the no-
LRAF group. The plasma BNP level was also significantly higher in the LRAF group than no-LRAF group.
Generally the left atrium in PerAF patients causes structural and electrical remodeling and a progressive
pressure overload. The level of inflammatory cytokines in heart failure patients was significantly higher than
that in patients with a normal heart, but in this study there were no significant differences in the WBCs,
hs-CRP, or NLR levels before the ablation between the PAF and PerAF patients. These levels after the
ablation and changes from before to after the ablation were similar between the PAF and PerAF patients.
These results indicated that the difference between PAF and PerAF did not affect the inflammatory status
during the acute phase of the ablation. In the LRAF group, the ratio of a non-PV trigger ablation and an
AT ablation was higher than that in the no-LRAF group due to more PerAF patients in the recurrence
group, but the total number of energy applications did not differ the between the two groups. A variation
was observed in the period from the initial to repeat ablation session (8.6±7.1 months), but this also did not
differ between the two groups.

The NLR and PLR can be easily calculated by dividing the neutrophil and platelet counts by the number of
lymphocytes, respectively. These measurements are a simple, cost-effective routine test. As suggested by many
studies, they may emerge as markers of inflammatory conditions and disease activity. In the present study we
demonstrated the relationship between the ERAF/LRAF and ΔNLR/ΔPLR, suggesting an inflammation
status. Further studies on inflammation after the PVI and AF recurrence and PV reconnections may be
necessary in the future.

CONCLUSION

The NLR and PLR changes were significantly related to early and late recurrences of AF/AT after the
PVI. A greater NLR change was significantly associated with a right PV reconnection in the repeat ablation
session.
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Figure legends

Figure 1

Hemogram parameters (NLR, MLR and PLR) and the change in the NLR between the late recurrence
group and no-late recurrence group. (A) The NLR before and after the ablation and the change in the NLR
(ΔNLR). (B) The PLR before and after the ablation and the change in the PLR (ΔPLR).

Figure 2

The relationship between the ΔNLR in the initial ablation session and LA-PV reconnections in the repeat
ablation session

(A) The ΔNLR between the patients with and without PV reconnections

(B) The ΔNLR between the patients with and without right PV reconnections

(C) The ΔPLR between the patients with and without PV reconnections
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(D) The ΔPLR between the patients with and without right PV reconnections

Figure 3

The relationship between the ΔNLR in the initial ablation session and number of reconnected PVs in the
repeat ablation session
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