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Therapeutic implications 
of galectin‑3 in patients with atrial 
fibrillation
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Atrial fibrosis can present as an arrhythmogenic substrate that is correlated with higher recurrence 
after catheter ablation for atrial fibrillation. Galectin‑3, a beta‑galactoside‑binding lectin, is highly 
expressed and secreted from macrophages and is important in inflammation and fibrosis. We 
assessed the clinical implications of serum galectin‑3 in patients with atrial fibrillation. This was a 
prospective cohort study of consecutive patients who underwent radiofrequency catheter ablation 
in a tertiary referral center from February 2017 to September 2017. Intracardiac blood sampling, 
echocardiographic measurements, magnetic resonance imaging with late gadolinium enhancement, 
electrophysiologic testing, and endocardial voltage mapping were consistently implemented in 75 
patients before the ablation. Serum galectin‑3 level was higher in patients with diabetes mellitus and 
was correlated with values that indicated the left atrial size. During a median 14 months of follow‑up, 
atrial tachyarrhythmia recurred in 27% of patients. In multivariable Cox regression analysis, non‑
paroxysmal atrial fibrillation (hazard ratio 6.8; 95% confidence interval 1.6–28.9) and higher galectin‑3 
levels (hazard ratio 1.3; 95% confidence interval 1.0–1.7) were associated with increased risk of 
recurrence. Serum galectin‑3 may be a prognostic biomarker for risk stratification in patients with 
atrial fibrillation planned catheter ablation.

Atrial fibrillation is the most common type of sustained cardiac arrhythmia, and the prevalence increases with 
corresponding increases in  age1. Atrial fibrillation not only increases the risk of morbidity and mortality, but also 
decrease the quality of  life2. Since the recognition of triggers that initiate atrial fibrillation from the pulmonary 
veins, electrical isolation of the pulmonary veins using radiofrequency catheter ablation has become an important 
therapeutic option in patients with recurrent, drug-refractory  symptoms2,3.

However, the efficacy of catheter ablation is difficult to predict in individual patients. Atrial structural remod-
eling with fibrosis contributes to the pathophysiologic mechanism that maintains atrial fibrillation by local 
conduction  disturbance4. Serologic and imaging tests that are able to detect atrial fibrosis have been found to be 
correlated with recurrence of atrial  fibrillation5,6. Recently, serum galectin-3 has been refocused to reveal cardiac 
fibrosis and predict rhythm outcomes after  ablation7. We assessed the clinical implications of serum galectin-3 
in patients who underwent catheter ablation for atrial fibrillation.
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Methods
Study design and participants. This was a prospective non-randomized study. Consecutive patients 
who were planning to undergo a catheter ablation for atrial fibrillation were enrolled from February 2017 to 
September 2017 in a tertiary referral center. The Ethics Committee of the Korea University Anam Hospital 
Institutional Review Board approved this study. The protocol was consistent with the ethical guidelines of the 
2008 Declaration of Helsinki. Written informed consent was obtained from all participants before enrollment. 
Because galectin-3 secretion in fibroblasts and macrophages was increased in diseases associated with fibrosis 
other than cardiac diseases, patients who were more than 80 years of age or had a history of liver cirrhosis, renal 
impairment (< 30 mL/min calculated by the Cockcroft-Gault equation), lung disease, or cancer were excluded to 
reduce confounding factors. Patients who had a history of prior catheter ablation for atrial fibrillation were also 
excluded to evaluate the relationship between spontaneous cardiac fibrosis and serum galectin-3 level. The study 
was registered in CRIS (KCT0005496).

Cardiac imaging and serum galectin‑3. Patients were examined on a 3-T magnetic resonance scanner 
(Achieva; Philips Medical Systems, Best, Netherlands) using a 32-element phased-array coil. Late gadolinium 
enhancement imaging was acquired using a 3-D inversion recovery-prepared, respiration-navigated, electrocar-
diography-gated, gradient-echo pulse sequence after the Look-Locker sequence to identify the optimal nulling 
time for the normal left ventricular myocardium. Pixels that showed increased enhancement in the left atrial wall 
were identified using the full width at half of the maximum technique and at 6-, 5-, 4-, 3-, and 2-standard devia-
tions above the mean signal value of the unenhanced LV  wall8. The volume of late gadolinium enhancement in 
the left atrium was defined as the summation of enhanced pixels over all slices.

Although there is no consensus on the preferred site for obtaining blood for measuring the level of serum 
galectin-3, we collected blood samples from the left atrium pertaining to the study  protocol7,9,10. Serum levels 
of galectin-3 were measured using enzyme-linked immunosorbent assay kits (Galectin-3 Quantikine; R & D 
Systems, Inc., MN, U.S.). The mean minimum detectable dose was 0.016 ng/mL, which was determined by the 
intensity of color.

3‑D electroanatomical voltage mapping and catheter ablation. An internal cardioversion was 
performed when the initial rhythm was atrial fibrillation to obtain information about the endocardial voltage 
during sinus rhythm. Using intracardiac multielectrode catheters positioned in the right atrium and the distal 
coronary sinus, 3–10 Jules of energy was delivered from an external defibrillator via junction box that allowed 
multielectrode catheter to be switched between routine diagnostic electrophysiology study and cardioversion. 
The 3-D mapping system (EnSite NavX System, Abbott, IL; CARTO system, Biosense Webster Inc., Diamond 
Bar, CA, U.S.) was used with a circular multielectrode catheter (AFocus II, St. Jude Medical, Inc., St. Paul, MN; 
Lasso, Biosense Webster, Inc., Diamond Bar, CA, USA) which generated an electroanatomical geometry with 
endocardial voltage information. The voltage ranged from 0.5 to 3.0  mV and was color-coded from grey to 
purple. The low voltage area was defined to be areas less than 0.5 mV in accordance with previous  studies11–14. 
The mean atrial cycle length during atrial fibrillation was calculated using intervals of consecutive 20 signals 
acquired from each pulmonary vein.

Radiofrequency catheter ablation was performed using an open irrigated tip catheter (CoolFlex, St. Jude 
Medical, Minnetonka, MN; ThermoCool SmartTouch, Biosense Webster Inc., Diamond Bar, CA, U.S.). In patients 
with paroxysmal atrial fibrillation, the presence of a reproducible trigger that initiated atrial fibrillation was 
identified using high-frequency burst pacing and high-dose isoproterenol infusion before ablation. All patients 
had electrical isolation of the pulmonary veins and elimination of non-pulmonary vein triggers. Patients with 
non-paroxysmal atrial fibrillation had substrate modification focused on the automated complex fractionated 
atrial electrogram, or linear lesion, after pulmonary vein isolation, until atrial tachyarrhythmia could not be 
induced by burst pacing.

Follow‑up. Ambulatory monitoring and 12-lead electrocardiography were performed for 1–2  days after 
procedure during the patient’s hospital stay. An electrocardiography was routinely performed at each visit in 
the outpatient clinic, and 24-/48-Holter was performed at 1, 3, 6, 9, and 12 months, and then every 6 months 
thereafter. The physician determined whether antiarrhythmic drugs should be discontinued after 90 days (blank-
ing period). Recurrence was defined as the occurrence of any sustained atrial tachyarrhythmia after a blanking 
period.

Statistical analysis. Continuous variables are presented as the mean and standard deviation and were 
analyzed using the Student’s t-test or the non-parametric Wilcoxon rank sum test. Categorical variables are 
presented as the number and percentage and were analyzed using a χ2 test or Fisher’s exact test. Pearson’s corre-
lation coefficients demonstrated the strength of the relationship between variables. Multivariable Cox regression 
analysis was used to establish the predictive factors for recurrence. The adjusted factors were age, sex, body mass 
index, comorbidities (i.e. congestive heart failure, hypertension, diabetes mellitus), clinical patterns of atrial 
fibrillation, hematocrit, renal function, left atrial diameter, late gadolinium enhancement in cardiac magnetic 
resonance imaging, and serum galectin-3 levels. The proportional hazard assumption was evaluated using log 
minus log survival curves, which were approximately parallel during the follow-up period. Statistical analyses 
were performed using SPSS (version 25, SPSS Institute, Inc., Chicago, IL, USA). All tests of significance were 
two-tailed. A p value of < 0.05 indicated statistical significance.
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Results
Baseline characteristics. Among 185 consecutive patients that were observed during the enrollment 
period, 75 patients were included in this study (Fig. 1). The mean age was 58 years, the proportion of females 
was 21% and the proportion with non-paroxysmal atrial fibrillation was 47%. The mean  CHA2DS2-VASc score 
was 1.8, and the mean left atrial diameter was 41 mm on transthoracic echocardiography (Table 1).

Serum galectin‑3 and cardiac remodeling. Serum galectin-3 obtained from the left atrium was posi-
tively correlated with left atrial size measured by anteroposterior diameter in the long-axis parasternal view on 
echocardiography (r = 0.23, p = 0.049, Fig. 2A), the volume in magnetic resonance imaging (r = 0.48, p < 0.001), 
and total low voltage area in a 3-D mapping system (r = 0.33, p = 0.021). Serum galectin-3 was positively cor-
related with left ventricular thickness on echocardiography (r = 0.24, p = 0.038, Fig. 2B). The low voltage area 
relative to the total left atrial wall (r = 0.25, p = 0.075), the proportion of area with late gadolinium enhancement 
to total left atrial area (r = 0.20, p = 0.079) and hematocrit (r = 0.22, p = 0.061) did not demonstrate significant 
relationships with galectin-3. There was no significant relationship between galectin-3 and the atrial cycle length 
during atrial fibrillation (p = 0.360). Among paired groups of patients who were sorted according to the type of 
atrial fibrillation or comorbidities, serum galectin-3 was higher in the diabetic group than in the non-diabetic 
group (9.52 ± 2.36 versus 7.07 ± 1.98, p = 0.003) but was not different in other paired groups.

Recurrence after catheter ablation. Over the median follow-up period of 13.5 months, 20 recurrences 
(27% of cases) of atrial tachyarrhythmias (15 atrial fibrillation and 5 atrial tachycardia) were identified. After 
adjusting for multiple clinical factors, non-paroxysmal atrial fibrillation (hazard ratio 3.37; 95% confidence 

Figure 1.  Flowchart.
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interval 1.29–8.83; p value 0.013) and serum galectin-3 level (hazard ratio 1.39; 95% confidence interval 1.14–
1.70; p value 0.001) were found to be associated with an increased risk of recurrence (Table 2). Assessment of 
baseline characteristics indicated that patients with recurrence had higher proportions of non-paroxysmal atrial 
fibrillation and higher levels of serum galectin-3 compared to patients without recurrence (Fig. 3).

Discussion
This was a prospective cohort study to evaluate the prognostic clinical factors for recurrence after catheter abla-
tion in patients with atrial fibrillation. Among potential risk factors, non-paroxysmal patterns of atrial fibrillation 
and high serum galectin-3 levels were predictive for increased recurrence of atrial tachyarrhythmias. Serum 
galectin-3 was related to left atrial enlargement and left ventricular hypertrophy, suggesting a relationship with 
cardiac structural remodeling. In addition, serum galectin-3 was higher in diabetic patients.

Over the last two decades, after the identification of pulmonary vein triggers, various ablation strategies have 
been suggested to improve ablation outcomes. However, two common strategies that target arrhythmogenic sub-
strate, in addition to pulmonary vein isolation, were not superior to pulmonary vein isolation alone in patients 
with non-paroxysmal atrial  fibrillation15. Therefore, selection of optimal candidates that are likely to benefit from 
ablation with limited efficacy is important for an individualized approach.

Left atrial enlargement has been reported to be a powerful predictor for recurrence after catheter  ablation16. 
Pressure and volume overloads that are caused by congestive heart failure, coronary arterial disease, aging, 
obstructive sleep apnea, obesity, structural heart disease, and inflammation can lead to atrial  remodeling17. In 
the present study, an enlarged left atrium (≥ 43 mm) was a statistically significant predictor for recurrence in 
univariate analysis. However, additional analysis with the stepwise variable selection of the multivariable Cox 

Table 1.  Baseline characteristics for recurrence after catheter ablation. Data are presented as n (%) or 
mean ± standard deviation.

Total
(n = 75)

No recurrence
(n = 55)

Recurrence
(n = 20) p

Age, years 57.8 ± 10.7 57.5 ± 10.6 58.6 ± 11.4 0.708

Female 16 (21.3) 14 (25.5) 2 (10.0) 0.208

Body mass index, kg/m2 25.3 ± 2.9 25.3 ± 2.6 25.5 ± 3.5 0.765

Non-paroxysmal atrial fibrillation 35 (46.7) 21 (38.2) 14 (70.0) 0.019

Congestive heart failure 31 (41.3) 24 (43.6) 7 (35.0) 0.600

Hypertension 34 (45.3) 27 (49.1) 7 (35.0) 0.307

Diabetes mellitus 7 (9.3) 3 (5.5) 4 (20.0) 0.077

Prior stroke 11 (14.7) 8 (14.5) 3 (15.0) 1.000

Creatinine clearance, mL/min 83.8 ± 22.9 84.5 ± 23.9 81.9 ± 20.5 0.665

CHA2DS2-VASc score 1.8 ± 1.3 1.8 ± 1.4 1.7 ± 1.3 0.600

Serum galectin-3, ng/mL 7.3 ± 2.1 6.9 ± 2.0 8.4 ± 2.1 0.004

Left atrial diameter, mm 40.8 ± 5.9 40.1 ± 5.1 42.9 ± 7.6 0.078

Late gadolinium enhancement, % (of left atrium) 15.9 ± 7.5 15.1 ± 7.0 17.9 ± 8.6 0.165

QRS complex duration, ms 90.9 ± 14.3 92.2 ± 14.3 87.3 ± 14.1 0.196

Mean cycle length of atrial fibrillation at pulmonary veins, ms 167.7 ± 47.2 177.2 ± 54.2 149.8 ± 23.4 0.165

Low voltage area (< 0.5 mV), % (of left atrium) 10.8 ± 14.8 8.4 ± 7.4 20.2 ± 28.9 0.231

Figure 2.  Scatter plot with Pearson correlation analysis. Significant positive correlation was found between 
galectin-3 and left atrial diameter (A), serum galectin-3 and left interventricular septum (B).
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proportional hazards model did not confirm this finding. However, serum galectin-3 and non-paroxysmal atrial 
fibrillation were predictors in the final model. Because serum galectin-3 levels were positively correlated with left 
atrial size, more powerful predictors between galectin-3 and left atrial size might be included in the final model.

Fibrotic transformation of cardiomyocytes and interstitial accumulation of fibrotic tissue contribute to the 
development of arrhythmogenic substrates by slowing electrical conduction and enhancing anisotropy. Therefore, 
quantitative evaluation of the extent of atrial fibrosis may be helpful for predict rhythm outcomes after ablation. 
Instead of an endomyocardial biopsy which can have procedure-related complications and a low diagnostic yield, 
alternatives for assessing the extent of atrial fibrosis have been investigated in patients with atrial fibrillation. 
Early studies using magnetic resonance imaging reported that the late gadolinium enhanced area was positively 
correlated with myocardial collagen in the infarcted  ventricle18,19. Expanding this approach to the atrium, Mar-
rouche et al.6 reported the value of atrial late gadolinium enhancement for predicting recurrence after ablation. 
However, compared to ventricular imaging, atrial imaging has limited to assess myocardial fibrosis because the 
spatial resolution of the left atrial wall is insufficient, and is 2–3 times thinner than the left ventricular wall. Low 
voltage area (< 0.5 mV) that reflects conduction abnormalities caused by fibrosis has also been considered as a 
therapeutic  approach20. However, the bipolar electrogram amplitude can be influenced by multiple factors that 
include the activation vector, angle of incidence, recording electrode size, interelectrode spacing, tissue contact, 
signal filtering, mapping density, and mapping  resolution21.

Table 2.  Univariate and multivariable Cox regression analysis for recurrence after catheter ablation. *Adjusted 
for all covariates listed in the table using the Cox proportional hazards regression model with backward 
stepwise Wald elimination. CI confidence interval, HR hazard ratio.

Unadjusted HR (95% CI) p Adjusted HR (95% CI)* p

Age, year 1.01 (0.97–1.06) 0.561

Female 0.42 (0.10–1.82) 0.247

Body mass index, kg/m2 1.02 (0.86–1.20) 0.837

Congestive heart failure 0.68 (0.27–1.71) 0.411

Hypertension 0.62 (0.25–1.56) 0.311

Diabetes mellitus 3.21 (1.07–9.62) 0.037

Non-paroxysmal atrial fibrillation 3.04 (1.17–7.91) 0.023 3.37 (1.29–8.83) 0.013

Hematocrit, % 1.02 (0.92–1.13) 0.774

Creatinine clearance, mL/min 0.99 (0.97–1.02) 0.584

Serum galectin-3, ng/mL 1.38 (1.12–1.70) 0.002 1.39 (1.14–1.70) 0.001

Left atrial diameter ≥ 43 mm 2.59 (1.07–6.26) 0.035

Late gadolinium enhancement, % 1.05 (0.99–1.12) 0.115

Figure 3.  Bar graph comparing clinical factors, based on recurrence. Patients with recurrence showed higher 
proportions of non-paroxysmal atrial fibrillation (A) and higher serum galectin-3 levels (B) than patients 
without recurrence. Values are proportions or means with standard deviations.
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Galecin-3 is a member of the animal lectins family, which is secreted by  macrophages22. Because galectin-3 
is implicated in inflammation and fibrosis in multiple organs, including the heart, liver, kidneys, lungs, spleen, 
ovary, and  vessels10, we excluded patients with extracardiac dysfunction to reduce confounding bias. Interestingly, 
higher level of serum galectin-3 was seen in patients with thicker interventricular septum. This is not far from the 
result of previous studies which showed positive correlation between serum galectin-3 and diastolic dysfunction 
or ventricular mass  index9,23. We presume that diastolic dysfunction may affect the serum galectin-3 level more 
than the degree of cardiac galectin-3 deposits does in patients with atrial fibrillation. Also, serum galectin-3 level 
had a weak correlation with either left atrial diameter or interventricular septal thickness in our study. Therefore, 
we could not discern the origin of serum galectin-3 between the atrium and ventricle. However, because atrial 
fibrillation is a progressive disease with structural remodeling of both the atrium and the ventricle, this would 
not change the clinical implication of serum galectin-3. Furthermore, serum galectin-3 has been associated with 
myocardial fibrosis and increased mortality in patients with heart  failure24. Recently, inhibition of galectin-3 
reduced atrial fibrosis and the total burden of atrial  fibrillation7.

Compared with peripheral blood sampling, the invasive intracardiac sampling required by our model limits 
its utility for pre-procedural assessment. However, galectin-3 levels in peripheral blood were higher and less 
predictive of recurrence after ablation compared with those in intracardiac  blood25. Galectin-3 from peripheral 
blood could be affected by other pathologies, such as cancer or non-cardiac fibrotic  diseases25. Therefore, a further 
study to evaluate the clinical value of galecin-3 from peripheral blood is needed.

Limitations
There were several limitations to this study. First, this was a single center study with a small number of patients 
and a short duration of follow-up. However, all study patients were consecutively enrolled during the study 
period. Second, histopathological data for cardiac tissue was not available and could not be evaluated.

Conclusion
In summary, elevated serum galectin-3 was related to the left atrial enlargement and increased risk of recurrence 
after radiofrequency catheter ablation in patients with atrial fibrillation. Therefore, serum galectin-3 could be 
used as a biomarker for evaluation of the atrial remodeling severity and post-ablative prediction of recurrence 
in patients with atrial fibrillation.

Data availability
The data that support this article will be shared on reasonable request with the corresponding author.

Received: 9 September 2021; Accepted: 20 December 2021

References
 1. Chugh, S. S. et al. Worldwide epidemiology of atrial fibrillation: A Global Burden of Disease 2010 Study. Circulation 129, 837–847. 

https:// doi. org/ 10. 1161/ circu latio naha. 113. 005119 (2014).
 2. Kirchhof, P. et al. 2016 ESC Guidelines for the management of atrial fibrillation developed in collaboration with EACTS. Eur. 

Heart. J. 37, 2893–2962. https:// doi. org/ 10. 1093/ eurhe artj/ ehw210 (2016).
 3. Haissaguerre, M. et al. Spontaneous initiation of atrial fibrillation by ectopic beats originating in the pulmonary veins. N. Engl. J. 

Med. 339, 659–666. https:// doi. org/ 10. 1056/ nejm1 99809 03339 1003 (1998).
 4. Burstein, B. et al. Changes in connexin expression and the atrial fibrillation substrate in congestive heart failure. Circ. Res. 105, 

1213–1222. https:// doi. org/ 10. 1161/ circr esaha. 108. 183400 (2009).
 5. Kawamura, M. et al. Type III procollagen-N-peptide as a predictor of persistent atrial fibrillation recurrence after cardioversion. 

Europace 14, 1719–1725. https:// doi. org/ 10. 1093/ europ ace/ eus162 (2012).
 6. Marrouche, N. F. et al. Association of atrial tissue fibrosis identified by delayed enhancement MRI and atrial fibrillation catheter 

ablation: the DECAAF study. JAMA 311, 498–506. https:// doi. org/ 10. 1001/ jama. 2014.3 (2014).
 7. Takemoto, Y. et al. Galectin-3 regulates atrial fibrillation remodeling and predicts catheter ablation outcomes. JACC Basic Transl. 

Sci. 1, 143–154. https:// doi. org/ 10. 1016/j. jacbts. 2016. 03. 003 (2016).
 8. Flett, A. S. et al. Evaluation of techniques for the quantification of myocardial scar of differing etiology using cardiac magnetic 

resonance. JACC Cardiovasc. Imaging 4, 150–156. https:// doi. org/ 10. 1016/j. jcmg. 2010. 11. 015 (2011).
 9. Ansari, U. et al. Galectin-3 reflects the echocardiographic grades of left ventricular diastolic dysfunction. Ann. Lab. Med. 38, 

306–315. https:// doi. org/ 10. 3343/ alm. 2018. 38.4. 306 (2018).
 10. Dong, S. & Hughes, R. C. Macrophage surface glycoproteins binding to galectin-3 (Mac-2-antigen). Glycoconj. J. 14, 267–274. 

https:// doi. org/ 10. 1023/a: 10185 54124 545 (1997).
 11. Kistler, P. M. et al. Electrophysiologic and electroanatomic changes in the human atrium associated with age. J. Am. Coll. Cardiol. 

44, 109–116. https:// doi. org/ 10. 1016/j. jacc. 2004. 03. 044 (2004).
 12. Sanders, P. et al. Electrical remodeling of the atria in congestive heart failure: Electrophysiological and electroanatomic mapping 

in humans. Circulation 108, 1461–1468. https:// doi. org/ 10. 1161/ 01. Cir. 00000 90688. 49283. 67 (2003).
 13. Verma, A. et al. Pre-existent left atrial scarring in patients undergoing pulmonary vein antrum isolation: An independent predictor 

of procedural failure. J. Am. Coll. Cardiol. 45, 285–292. https:// doi. org/ 10. 1016/j. jacc. 2004. 10. 035 (2005).
 14. Oakes, R. S. et al. Detection and quantification of left atrial structural remodeling with delayed-enhancement magnetic resonance 

imaging in patients with atrial fibrillation. Circulation 119, 1758–1767. https:// doi. org/ 10. 1161/ circu latio naha. 108. 811877 (2009).
 15. Verma, A. et al. Approaches to catheter ablation for persistent atrial fibrillation. N. Engl. J. Med. 372, 1812–1822. https:// doi. org/ 

10. 1056/ NEJMo a1408 288 (2015).
 16. Ganesan, A. N. et al. Long-term outcomes of catheter ablation of atrial fibrillation: a systematic review and meta-analysis. J. Am. 

Heart Assoc. 2, e004549. https:// doi. org/ 10. 1161/ jaha. 112. 004549 (2013).
 17. Vaziri, S. M., Larson, M. G., Lauer, M. S., Benjamin, E. J. & Levy, D. Influence of blood pressure on left atrial size. The Framingham 

Heart Study. Hypertension 25, 1155–1160. https:// doi. org/ 10. 1161/ 01. hyp. 25.6. 1155 (1995).
 18. Wu, E. et al. Visualisation of presence, location, and transmural extent of healed Q-wave and non-Q-wave myocardial infarction. 

Lancet (Lond. Engl.) 357, 21–28. https:// doi. org/ 10. 1016/ s0140- 6736(00) 03567-4 (2001).

https://doi.org/10.1161/circulationaha.113.005119
https://doi.org/10.1093/eurheartj/ehw210
https://doi.org/10.1056/nejm199809033391003
https://doi.org/10.1161/circresaha.108.183400
https://doi.org/10.1093/europace/eus162
https://doi.org/10.1001/jama.2014.3
https://doi.org/10.1016/j.jacbts.2016.03.003
https://doi.org/10.1016/j.jcmg.2010.11.015
https://doi.org/10.3343/alm.2018.38.4.306
https://doi.org/10.1023/a:1018554124545
https://doi.org/10.1016/j.jacc.2004.03.044
https://doi.org/10.1161/01.Cir.0000090688.49283.67
https://doi.org/10.1016/j.jacc.2004.10.035
https://doi.org/10.1161/circulationaha.108.811877
https://doi.org/10.1056/NEJMoa1408288
https://doi.org/10.1056/NEJMoa1408288
https://doi.org/10.1161/jaha.112.004549
https://doi.org/10.1161/01.hyp.25.6.1155
https://doi.org/10.1016/s0140-6736(00)03567-4


7

Vol.:(0123456789)

Scientific Reports |          (2022) 12:784  | https://doi.org/10.1038/s41598-022-04894-9

www.nature.com/scientificreports/

 19. Moon, J. C. et al. The histologic basis of late gadolinium enhancement cardiovascular magnetic resonance in hypertrophic cardio-
myopathy. J. Am. Coll. Cardiol. 43, 2260–2264. https:// doi. org/ 10. 1016/j. jacc. 2004. 03. 035 (2004).

 20. Sanders, P. et al. Electrophysiological and electroanatomic characterization of the atria in sinus node disease: Evidence of diffuse 
atrial remodeling. Circulation 109, 1514–1522. https:// doi. org/ 10. 1161/ 01. Cir. 00001 21734. 47409. Aa (2004).

 21. Anter, E. & Josephson, M. E. Bipolar voltage amplitude: What does it really mean?. Heart Rhythm 13, 326–327. https:// doi. org/ 10. 
1016/j. hrthm. 2015. 09. 033 (2016).

 22. Sano, H. et al. Human galectin-3 is a novel chemoattractant for monocytes and macrophages. J. Immunol. (Baltim. Md.: 1950) 165, 
2156–2164. https:// doi. org/ 10. 4049/ jimmu nol. 165.4. 2156 (2000).

 23. Yakar Tülüce, S. et al. Galectin-3 levels in patients with hypertrophic cardiomyopathy and its relationship with left ventricular 
mass index and function. Anatol. J. Cardiol. 16, 344–348. https:// doi. org/ 10. 5152/ Anato lJCar diol. 2015. 6191 (2016).

 24. Yu, L. et al. Genetic and pharmacological inhibition of galectin-3 prevents cardiac remodeling by interfering with myocardial 
fibrogenesis. Circ. Heart Fail. 6, 107–117. https:// doi. org/ 10. 1161/ circh eartf ailure. 112. 971168 (2013).

 25. Begg, G. A. et al. Intra-cardiac and peripheral levels of biochemical markers of fibrosis in patients undergoing catheter ablation 
for atrial fibrillation. Europace 19, 1944–1950. https:// doi. org/ 10. 1093/ europ ace/ euw315 (2017).

Author contributions
K.-N.L. and Y.-H.K. conceived and planned the study. K.-N.L. wrote the main manuscript text. D.Y.K., K.Y.B., 
Y.G.K. contributed to the interpretation of the results. S.-Y.R., Y.-S.B., D.-H.K., and D.I.L. prepared figures. J.S., 
J.-I.C., G.-S.H., and Y.-H.K. supervised the work. All authors reviewed the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to Y.-H.K.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

https://doi.org/10.1016/j.jacc.2004.03.035
https://doi.org/10.1161/01.Cir.0000121734.47409.Aa
https://doi.org/10.1016/j.hrthm.2015.09.033
https://doi.org/10.1016/j.hrthm.2015.09.033
https://doi.org/10.4049/jimmunol.165.4.2156
https://doi.org/10.5152/AnatolJCardiol.2015.6191
https://doi.org/10.1161/circheartfailure.112.971168
https://doi.org/10.1093/europace/euw315
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Therapeutic implications of galectin-3 in patients with atrial fibrillation
	Methods
	Study design and participants. 
	Cardiac imaging and serum galectin-3. 
	3-D electroanatomical voltage mapping and catheter ablation. 
	Follow-up. 
	Statistical analysis. 

	Results
	Baseline characteristics. 
	Serum galectin-3 and cardiac remodeling. 
	Recurrence after catheter ablation. 

	Discussion
	Limitations
	Conclusion
	References


