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Aims Overweight is associated with increased risk of atrial fibrillation (AF), but the impact of overweight and AF recurrence after 
ablation is less clear. Despite this, an increasing number of AF ablations are carried out in overweight patients. We inves
tigated the impact of body mass index (BMI) on AF recurrence rates after ablation.

Methods 
and results

Through Danish nationwide registers, all patients undergoing first-time AF ablation between 2010 and 2018 were identified. 
Exposure of interest was BMI. The primary outcome was recurrent AF, defined from either any usage of antiarrhythmic 
medication, AF hospitalization, cardioversion, or re-ablation. A total of 9188 patients were included. Median age and inter
quartile range was 64 (60–75) in the normal-weight group and 60 (53–66) in the morbidly obese. There was an increase in 
comorbidity burden with increasing BMI, including a higher prevalence of heart failure, chronic obstructive pulmonary 
disease, diabetes, and hypertension. At 1- and 5-year follow ups, recurrence rates of AF increased incrementally by BMI 
categories. The hazard ratios and 95% confidence intervals of recurrent AF after ablation were 1.15 (1.07–1.23), 1.18 
(1.09–1.28), and 1.26 (1.13–1.41) in overweight, obese, and morbidly obese, respectively, compared with normal-weight 
patients. Procedure duration and X-ray dose exposure also increased with increasing BMI.

Conclusion Following AF ablation, recurrence rates of AF increased incrementally with increasing BMI. Therefore, aggressive weight 
management pre ablation in overweight patients could potentially provide substantial benefits and improve short- and 
long-term outcomes after ablation.
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Graphical Abstract

HR (95%CI) of recurrent atrial fibrillation by BMI

Risk of recurrent AF after ablation by BMI

9188 patients underwent
AF ablation from 2010–2018

69% were classified as overweight,
obese, or morbidly obese

Risk of recurrent AF increased with
increasing BMI
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What’s new?

• Sixty-nine per cent of atrial fibrillation (AF) ablation patients were 
classified as overweight, obese, or morbidly obese.

• Atrial fibrillation recurrences increase incrementally with increasing 
body mass index after ablation.

• The impact of overweight on AF recurrence after ablation yielded 
similar risk point estimates as being age 70 years or more, having 
heart failure, chronic obstructive pulmonary disease, or 
hypertension.

Introduction
Atrial fibrillation (AF) is a risk factor for serious morbidities such as 
heart failure (HF), disabling stroke, and death.1–3 Though AF is rarely 
acutely life-threatening, the distress caused by symptoms can be severe 
and result in a major reduction in quality of life.4 Identifying the optimal 
treatment strategy for AF is a challenge for clinicians. Treatment strat
egies may be influenced by underlying comorbidity, risk factors, and pa
tient preferences as well as the clinical judgement by the treatment 
responsible physician. The restoration and maintenance of sinus 
rhythm is one of the cornerstones in the treatment of AF, and catheter 
ablation has become a viable first-line therapy in an increasing number 
of patients.5,6 However, the recurrence rates of catheter ablation often 
vary substantially and influenced by underlying comorbidity and individ
ual risk factors.

The proportion of people with high body mass index (BMI) and se
vere obesity is increasing and will pose a further significant burden to 
the healthcare system in the years to come.7 Obesity is known to in
crease the prevalence of AF. However, studies examining the 
influence of high BMI on AF ablation outcomes are limited. 
Furthermore, current knowledge is based on studies with limited 
study cohorts, and diverging results have been reported.8,9 In general, 
there is solid evidence that weight loss has a beneficial effect on AF 

incidence and symptom burden,10 but data are limited when it comes 
to assessing the impact of BMI and obesity on ablation outcomes. 
Despite this, an increasing number of AF ablations is being carried 
out on overweight patients. Therefore, we used the nationwide 
Danish registries and sought to examine the impact of BMI on AF ab
lation clinical recurrence.

Methods
Data sources
In Denmark, every citizen is assigned a unique civil registration number at 
birth. Using this unique identification number, it is possible to crosslink all 
Danish nationwide registries at an individual level. In this study, four regis
tries were used: the Civil Registration System, the Danish National 
Patient Register, the Danish National Prescription Register, and the 
Danish National Ablation Register. The Civil Registration System holds 
data on age, sex, and vital status of patients where all deaths are registered 
within 14 days of occurrence. The Danish National Patient Register con
tains data on hospital admissions, visits to outpatient clinics, and procedures 
or operations.11 All contacts from 1995 with the hospital system are en
coded according to the International Classification of Disease, 10th revision. 
The Danish National Prescription Register contains information on all filled 
prescriptions, including drug, quantity, strength, number of packages, and 
dispensing date, encoded according to the Anatomical Therapeutic 
Chemical Classification System (ATC codes).12 All patients who have 
undergone ablation are enrolled in the Danish National Ablation Register, 
which contains information on height, weight, and procedure data. 
Registration in the Danish registries is mandatory and does not require 
patient consent, making the data sets complete with no missing data at 
follow up.

Study population and body mass index
All patients aged 18 years and above having undergone first-time AF abla
tion were identified from 1 January 2010 to 31 December 2018, with inclu
sion in the study at the procedure date. Exclusion criteria were not residing 
in Denmark, missing data, and outlier values regarding height and weight: 
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height outside 1.30–2.25 m and weight over 180 kg were considered out
liers. The patients were divided into five classes based on BMI—under
weight: <18.5; normal weight: 18.5–24.9; overweight: 25.0–29.9; obese: 
30.0–35.0; morbidly obese: >35. Missing data and outlier values on height 
and weight were few. Underweight patients were excluded due to small 
population size. In Denmark, all centres perform AF ablation on morbidly 
obese patients, limiting this potential bias.

Exposure and outcome variables
Exposure of interest was BMI. The primary outcome was recurrent AF. 
Recurrent AF was defined as any usage of antiarrhythmic medication, AF 
hospitalization, cardioversion, or re-ablation at any time after index AF ab
lation procedure, whichever event came first.13

Procedure data comprised X-ray dose, procedure duration, ablation dur
ation, and X-ray exposure and duration.

Comorbidities and medications
Relevant comorbidities, including HF, ischaemic heart disease, haemor
rhagic and ischaemic stroke, chronic obstructive pulmonary disease 
(COPD), and chronic kidney disease, were identified 5 years prior to abla
tion. Relevant medications including non-loop diuretics, loop diuretics, 
beta-blockers, calcium channel inhibitors, renin-angiotensin inhibitors, 
amiodarone, dronedarone, Class 1C antiarrhythmics, and digoxin were 
identified 180 days prior to ablation. Diabetes mellitus (DM) was defined 
from use of diabetes medications, and hypertension (HA) was defined as 
the usage of at least two antihypertensive medications.

The diagnoses and ATC codes for comorbidities and medication use are 
listed in Supplementary material online, Table S1.

Statistical analysis
Descriptive baseline tables were used to describe the study population at 
the AF ablation date with continuous variables reported by the median 
and interquartile range (IQR) and categorical variables summarized with 
counts and percentages.

The cumulative incidence of recurrent AF at 1- and 5-year follow ups, ex
cluding the blanking period, was estimated and stratified by BMI using the 
Aalen–Johansen estimator, taking the competing risk of death into account. 
The 1-year cumulative incidence of recurrent AF by BMI was further strati
fied separately by procedure year.

Relative rates for the primary outcome and stratified by procedure year 
were examined using survival analysis by Cox proportional hazards models, 
presented as hazard ratios (HRs) with corresponding 95% confidence inter
vals (95% CIs). The relative rates for the primary outcome were depicted 
graphically using BMI as a continuous variable and by the five BMI classes. 
Tests for interaction on sex and age according to the impact of BMI were 
performed.

Procedure data were reported by median (IQR) and mean with standard 
deviations (±SDs). Procedure duration over 500 min, ablation duration 
over 300 min, X-ray duration over 200 min, and X-ray dose over 
4000 cGy/m2 were considered significant outliers and excluded. Missing 
data were few and evenly distributed according to the BMI classes.

Analyses and data processing were performed with R statistics.14

Ethics
Approval for register-based studies is not required from an ethics commit
tee in Denmark. The Danish Data Protection Agency approved the use of 
registry data; this study is registered with the data responsible institute (ap
proval number: P-2019-404).

Results
Study population
A total of 9760 patients underwent first-time ablation for AF in 
Denmark from 2010 to 2018, out of which 9188 patients were eligible 
for the study (see Supplementary material online, Figure S1). About 
6328 (69%) were classified as overweight, obese, or morbidly obese. 
Median age (IQR) decreased from 64 (57–70) in the normal-weight 

group to 60 (53–66) in the morbidly obese. Median BMI was 27 (24– 
30) with no major time-related differences. There was an increase in 
comorbidity burden with increasing BMI, including a higher prevalence 
of HF, COPD, DM, and HA. The median CHA2DS2-VASc score in
creased from 1 (0–2) in normal weight to 2 (1, 3) in morbidly obese. 
The use of amiodarone also increased with BMI, while the use of 
Class 1C antiarrhythmic medication was stable (Table 1).

Atrial fibrillation recurrence according to 
body mass index
One- and 5-year follow-up, blanking period excluded
In the 1- and 5-year follow up, the incidence of AF recurrence increased 
substantially in the high BMI categories. Notably, at 1-year follow up, we 
observed an incrementally increased risk of AF recurrence by BMI of 39, 
44, 45, and 48% for normal weight, overweight, obese, and morbidly 
obese patients, respectively. At 5-year follow up, the same incremental
ly increased risk of AF recurrence was found, 52, 56, 57, and 59% for 
normal weight, overweight, obese, and morbidly obese patients, re
spectively (Figure 1).

Cox proportional hazard models
The HRs increased incrementally and significantly by BMI when com
pared with normal weight; HR (95% CI) 1.15 (1.07–1.23), 1.18 (1.09– 
1.28), and 1.26 (1.13–1.41) in overweight, obese, and morbidly obese, 
respectively (Figures 2 and 3). The association and influence of high BMI 
on AF recurrence yielded similar risk point estimates as being age 
70 years or more, having HF, COPD, or HA. No interaction between 
sex, age, and the impact of BMI on AF recurrence was found.

Time trends
Temporal trends showed decreasing AF recurrence rates over time 
consistent in each BMI group. Notably, morbidly obese patients were 
relatively less prone to recurrent AF in the latter period (Table 2).

Procedure data according to body mass 
index
X-ray median (IQR) dosage was 11 (5–26) cGy/m2 in normal weight 
and 30 (13–66) cGy/m2 in morbidly obese. The median (IQR) ablation 
and procedure time was 30 (20–38) and 120 (100–154) minutes in pa
tients with normal weight and 32 (24–42) and 128 (100–165) in mor
bidly obese patients (Table 3).

First-reached endpoints
Table 4 depicts the distribution of the first-reached individual compo
nents of the composite endpoint of recurrent AF at 1- and 5-year fol
low ups. Hospital admissions for AF, including DC conversion, were the 
most frequent component. No difference was found between the dis
tribution of the components of the composite endpoint across the two 
follow-up periods.

Supplementary material online, Table S2 showed the endpoints di
vided by BMI, demonstrating similar trends according to BMI, though 
the use of amiodarone increased by BMI.

Discussion
In this nationwide study on AF patients undergoing first-time ablation, 
we uncovered several novel findings: (i) Almost 70% of patients under
going ablation were either overweight, obese, or morbidly obese. (ii) 
Risk of AF recurrence increased incrementally with increasing BMI, 
both in short- and long-term follow ups, and both in adjusted and un
adjusted models. The impact of BMI over 25 on recurrence risk was 
comparable with that of important comorbidities such as HF, COPD, 

http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euac225#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euac225#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euac225#supplementary-data
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HA, and age over 70 years. (iii) Finally, we found increasing procedure 
duration and radiation dose with increasing BMI.

The prevalence of patients with overweight or obesity and AF is rap
idly increasing and is an ongoing health burden with millions of cases 
globally. In our national cohort, most patients were overweight or ob
ese, emphasizing the need to improve treatment quality in overweight 
patients. It has been well-established that the incidence of AF increases 
according to BMI but the link between BMI and recurrent AF after AF 
ablation is less clear.

No randomized clinical trials have examined the impact of BMI on AF 
patients undergoing ablation. The studies examining recurrent AF by 
BMI after AF ablation are observational with smaller population sizes. 
Diverging results have been shown, ranging from no association15,16

to supporting our results, that the risk of recurrent AF increases by 
BMI.17–19 The follow-up methodology varied, but none of the studies 
used loop recorders. Instead, recurrent AF was defined from symptom
atic recurrent AF or AF found in Holter monitoring with 1 day of mon
itoring at various time marks being most prevalent.

The randomized clinical trials currently available only examine the 
effect of weight loss after ablation and they are few and present con
flicting results: A study where 149 of 281 overweight patients having 
undergone AF ablation were offered risk factor management. This led 
to significant weight loss and drop in blood pressure compared with 
the control group. At 6 months of follow up, the intervention group 
displayed lesser AF frequency, duration, and symptoms than the 

control group, emphasizing the importance of weight loss.20 The re
cently published SORT-AF trial included 133 patients having under
gone AF ablation with BMI between 30 and 40. Patients were 
randomized for weight loss (n = 67) or usual care (n = 66). Though 
the weight loss was significant, there was no significant difference in 
AF burden after ablation.21 These conflicting results highlight the 
need for further studies.

The underlying mechanism between AF and overweight is multifactor
ial. Overweight is independently associated with left atrium enlargement, 
probably secondary to increased blood pressure.22 Further, epicardial 
adipose tissue (EAT) plays a significant role. It has been demonstrated 
that EAT is increased in overweight patients and that slow voltage and 
conduction slowing in the areas of EAT is present, suggesting a role in 
AF substrate development.23 Further, EAT induced left atrial inflamma
tion induce atrial fibrosis, further increasing the risk of AF.24 Why weight 
loss leads to less AF is presently not fully understood. A recent study ex
amined the effect of weight loss in sheep, finding that weight loss led to 
less inflammation, less atrial fibrosis, and improved conduction velocity 
compared with baseline, ultimately leading to less AF.25

Our findings that morbidly obese patients were less prone to recur
rent AF over time is, to our knowledge, unique and yet to be described 
in other investigations. The overall temporal improvement of AF abla
tion has previously been established in a study using Danish registries, 
which used the same combined endpoint as us to detect recurrent 
AF13 and in two worldwide surveys.26,27

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline characteristics of the study cohort

BMI 18.5–24.9 25.0–29.9 30.0–35.0 >35.0

Patients, total n 2860 3814 1766 748

Age, median (IQR), years 64 (57–70) 63 (55–68) 61 (54–67) 60 (53–66)

Males, n (%) 1819 (63.6) 2968 (77.8) 1272 (72.0) 430 (57.5)

CHA2DS2-VASc, median (IQR) 1 (0–2) 1 (0–2) 2 (1–2) 2 (1–3)

Comorbidities, n (%)

HF 373 (13.0) 556 (14.6) 311 (17.6) 168 (22.5)

IHD 346 (12.1) 576 (15.1) 330 (18.7) 142 (19.0)

COPD 93 (3.3) 104 (2.7) 57 (3.2) 40 (5.3)

Ischaemic stroke 184 (6.4) 183 (4.8) 77 (4.4) 32 (4.3)

Haemorrhagic stroke 10 (0.3) 9 (0.2) 4 (0.2) n < 3

CKD 36 (1.3) 55 (1.4) 32 (1.8) 20 (2.7)

Diabetes 82 (2.9) 178 (4.7) 215 (12.2) 153 (20.5)

Hypertension 1040 (36.4) 1811 (47.5) 1089 (61.7) 558 (74.6)

Medication, n (%)

Non-loop diuretics 415 (14.5) 832 (21.8) 541 (30.6) 319 (42.6)

Loop diuretics 261 (9.1) 425 (11.1) 390 (22.1) 255 (34.1)

Beta-blockers 1930 (67.5) 2860 (75.0) 1425 (80.7) 628 (84.0)

Calcium channel inhibitors 510 (17.8) 801 (21.0) 429 (24.3) 200 (26.7)

Renin-angiotensin inhibitors 841 (29.4) 1533 (40.2) 926 (52.4) 443 (59.2)

Amiodarone 443 (15.5) 738 (19.3) 464 (26.3) 222 (29.7)

Dronedarone 86 (3.0) 133 (3.5) 65 (3.7) 27 (3.6)

Class 1C antiarrhythmic 410 (14.3) 623 (16.3) 274 (15.5) 121 (16.2)

Digoxin 398 (13.9) 512 (13.4) 288 (16.3) 128 (17.1)

OAC 2733 (95.6) 3692 (96.8) 1720 (97.4) 728 (97.3)

BMI, body mass index; CHA2DS2-VASc, congestive heart failure, hypertension, age ≥ 75, diabetes mellitus, stroke or transient ischaemic attack, vascular disease, age 65–74, sex; CKD, 
chronic kidney disease; COPD, chronic obstructive pulmonary disease: HF, heart failure; IHD, ischaemic heart disease; IQR, interquartile range; OAC, oral anticoagulants.



AF ablation recurrence rate vs. BMI                                                                                                                                                               429

Reviewing our procedure data, we mainly found a correlation be
tween BMI and radiation dose, secondary between BMI and proced
ure time. Generally, previous studies on this area are sparse. 
Radiation dose and procedure time are the two most investigated fac
tors, and studies indicate a correlation between these factors and 
BMI.28–30

Strengths and limitations
The large study sample and nationwide unselected sample of patients 
are the main strengths of this study and minimize the risk of selection 
bias. Residual confounding is present, we did not have access to poten
tial confounders such as paroxysmal/persistent AF and sleep apnoea. 

0%

2851
3806
1762
747

1735
2135
968
390

1539
1896
861
339

1434
1768
797
319

1380
1690
768
308

1345
1643
741
301

10

Numbers at risk

2

Years
3 4 5

25%

50%

R
is

k 
of

 r
ec

ur
re

nt
 A

F 75%
40%

1
Years

50%

4.5

50%

60%

5Years

100%

5-year cumulative incidence of recurrent atrial fibrillation by BMI

BMI 18.5–24.9 25.0–29.9 30.0–35.0 >35.0

Figure 1 The cumulative 1- and 5-year recurrent AF incidences after AF ablation by BMI. X-axis depicts time in days. Y-axis depicts the cumulative AF 
recurrence. AF, atrial fibrillation; BMI, body mass index.

0.8

20

HR (95%CI) of recurrent atrial fibrillation by BMI

H
R

 (
95

%
C

I)
 o

f r
ec

ur
re

nt
 a

tr
ia

l f
ib

ril
la

tio
n

25 30

BMI

35 40

1.0

1.2

1.4

1.6

Figure 2 Hazard ratios (95% CI) of recurrent AF by BMI. X-axis depicts BMI. Y-axis depicts HR (95% CI) of recurrent AF. AF, atrial fibrillation; BMI, 
body mass index; CI, confidence interval; HR, hazard ratio.



430                                                                                                                                                                                         J. Tønnesen et al.

Hazard ratios for recurrent AF after ablation

BMI 18.5 – 24.9 1.00 (Reference)

1.00 (Reference)

1.15 (1.07 – 1.23)

1.18 (1.09 – 1.28)

1.26 (1.13 – 1.41)

1.12 (1.06 – 1.20)

1.29 (1.19 – 1.40)

0.86 (0.81 – 0.92)

0.83 (0.82 – 0.84)

1.19 (1.10 – 1.28)

1.00 (0.93 – 1.08)

1.27 (1.11 – 1.47)

1.06 (0.85 – 1.32)
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Figure 3 Risk factors for recurrent AF after AF ablation. AF, atrial fibrillation; BMI, body mass index; CI, confidence interval; COPD, chronic obstruct
ive pulmonary disease; HR, hazard ratio.
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Table 2 One-year cumulative incidences and hazard ratios on the impact of BMI regarding recurrent AF in two time periods

2010–14 2015–18

Cumulative incidence (%) HR 95% CI P-value Cumulative incidence (%) HR 95% CI P-value

BMI 18.5–24.9 47 1 (Reference) 32 1 (Reference)

BMI 25.0–29.9 52 1.16 (1.04–1.29) 0.007 37 1.21 (1.08–1.35) 0.001

BMI 30.0–35.0 54 1.23 (1.08–1.41) 0.002 38 1.20 (1.05–1.37) 0.009

BMI > 35.0 61 1.43 (1.20–1.71) <0.001 39 1.20 (1.00–1.43) 0.05

AF, atrial fibrillation; BMI, body mass index; ; CI, confidence interval; HR, hazard ratio.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Procedure data by BMI

BMI 18.5–24.9 25.0–29.9 30.0–35.0 >35.0
AF ablation data

X-ray dose in cGy/m2, median (IQR), mean (SD) 11 (5–26), 36 (119) 19 (7–39), 61 (213) 24 (10–52), 81 (277) 30 (13–66), 93 (297)

Procedure duration in minutes, median (IQR),  
mean (SD)

120 (100–154), 129 (53) 120 (100–160), 132 (51) 125 (100–163), 135 (52) 128 (100–165), 137 (55)

Ablation duration in minutes, median (IQR), mean (SD) 30 (20–38), 30 (15) 31 (21–40), 32 (16) 32 (22–41), 33 (17) 32 (24–42), 34 (17)

X-ray duration in minutes, median (IQR), mean (±SD) 11 (7–17), 13 (10) 11 (7–17), 14 (10) 12 (7–18), 14 (9) 12 (8–19), 14 (10)

AF, atrial fibrillation; BMI, body mass index; IQR, interquartile range; SD, standard deviation.
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Our definition of recurrent AF may lead to less recurrent AF because 
asymptomatic recurrent AF may not lead to hospital admission or the 
start of antiarrhythmic medicine. Importantly though, previous studies 
did not use loop recorders. Further, information on AAD indication is 
not available to us, potentially overestimating AF recurrence but our AF 
recurrence rates are comparable with previous studies. The Danish 
National Ablation Register was initiated in 2010, but not all ablation 
centres were included until 2011, this is not believed to have any impact 
on our results.

Conclusions
In this nationwide study examining recurrent AF post-AF ablation, we 
found that recurrence rates of AF increased incrementally according 
to BMI, both in short- and long-term follow ups. Notably, high BMI 
had similar impact as other known comorbidities such as HF, COPD, 
HA, and age over 70 years on the risk AF recurrences after ablation. 
Aggressive pre-ablation weight management in overweight patients 
might be a target to improve short- and long-term outcomes after 
ablation.
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Accessory pathway ablation: microelectrodes reveal the hidden signals
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A 73-year-old woman was referred for ablation 
of a concealed accessory pathway and paroxys
mal atrial fibrillation. Pulmonary vein isolation 
was performed using the QDOT Micro® cath
eter (Biosense Webster, Inc., CA, USA). 
Afterwards, sustained atrioventricular re-entry 
tachycardia was induced, and the right-sided 
septal accessory pathway was mapped. While 
the atrial electrogram was not clearly discernible 
with conventional bipolar electrodes of the 
3.5 mm ablation catheter, the three additional 
microelectrodes (1.5 mm apart, filter settings 
16–500 Hz) of the QDOT Micro® revealed 
the nearfield atrial bipolar electrograms (*in 
Panel A) at the site of the shortest ventriculo- 
atrial interval. Ablation at this spot (Panel B) 
terminated the tachycardia in 2.2 s. This case 
shows that high-resolution mapping by QDOT 
Micro® helps guiding ablation by detection of 
discrete nearfield signals.
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