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A b s t r a c t

Background: Focal Atrial Tachycardias (FAT) originate from areas with poor 

cell-to-cell cou pling. D u e to cellu lar u ncou pling ex tra-cellu lar potentials b ecome 

fractionated. The degree of fragmentation may b e u sed to identify the site of origin 

of FAT prior to catheter ab lation. W e stu died electrical fragmentation in relation to 

the distance to the site of earliest activ ity du ring FAT.

M ethods: 3 - D  electro-anatomical activ ation/ v oltage maps ob tained from patients 

(N  =  1 5 , 6  male, age 4 0  ±  1 4  (1 9 - 7 2 ) yrs) referred for catheter ab lation of FAT were 

analysed. B ipolar atrial potentials (B P ) were categoriz ed according to the nu mb er of 

defl ections. The peak -to-peak  amplitu de and the time interv al b etween the fi rst and 

last defl ection (fractionation duration) of each B P  were measu red.

R esults: E ighteen different AT (C L  3 4 6  ±  1 0 9  (1 9 0 - 5 5 0 ) ms were analysed. The 

incidence of single potentials ranged from 3 0  to 8 1  [ 5 9  ±  1 6 ] % . The occu rrence of 

dou b le and fractionated potentials ≤ 2  cm of the site of earliest activ ity (‘focal area’) 

was higher compared to the remainder of the atria (6 7  ±  2 2 %  v ersu s 3 4  ±  1 4 % , 

p < 0 .0 0 1 ). Focal area potentials were characteriz ed b y a longer du ration 

(4 9  ±  2 2 ms v ersu s 3 4  ±  1 7 ms, p < 0 .0 0 1 ) and a lower peak -to-peak  amplitu de 

(0 .5 1  ±  0 .4 3  [ 0 .1 2 - 1 .7 ]  mV  v ersu s 0 .9 4  ±  0 .6 9  [ 0 .2 2 - 2 .5 8 ]  mV , p =  0 .0 3 ). 

Fractionation was not associated with FAT cycle length (r =  - 0 .2 6 , p =  0 .2 9 ) or left 

atrial diameter (r =  0 .4 7 , p =  0 .3 0 ).

Conclusion: S ignifi cant differences in fractionation, fractionation du ration 

and peak -to-peak -amplitu de of atrial potentials b etween the focal area and the 

remainder of the atria ex ist. Fractionation and v oltage mapping can b e u sed, 

b esides activ ation mapping, to identify the site of origin of FAT du ring catheter 

ab lation.
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Introduction

Focal atrial tachycardias (FAT) are by definition tachyarrhythmias characterized by re-

p etitiv e electrical activ ation orig inating  from a small, circu mscribed area from w here the 

remainder of the atria is activ ated.1 ;2  It has been demonstrated that different mechanisms 

may cau se FAT inclu ding  enhanced au tomaticity, trig g ered activ ity or micro-reentry.3

R eg ardless of the u nderlying  mechanism, FAT can be eliminated by catheter ablation in 

most p atients.4 -1 2  Map p ing  stu dies p erformed in p atients w ith FAT p rov ided insig ht into 

the electrop hysiolog ical characteristics. H ig a et al. demonstrated that FAT orig inate from 

areas characterized by low  amp litu de electrog rams.1 2  O thers rep orted that low  amp litu de, 

fractionated electrog rams characterize the su ccessfu l ablation sites.1 3 B ased on these ob-

serv ations and the fact that FAT p referentially arise from sites w ith discontinu ities in atrial 

stru ctu re it w as hyp othesized that cellu lar u ncou p ling  is a p re-req u isite for dev elop ment 

of FAT.1 2 -1 5  C ellu lar u ncou p ling  g iv es rise to local asynchronou s activ ation resu lting  in 

fractionation of atrial electrog rams. 1 6  The hyp othesis that cellu lar u ncou p ling  is a p re-

req u isite for dev elop ment of FAT is su p p orted by comp u ter simu lation stu dies demon-

strating  that cellu lar u ncou p ling  resu lts in a diminished electrotonic inhibition thereby 

allow ing  a rap idly discharg ing  focu s to become manifest.1 6 -2 0

H ow ev er, fractionation of atrial electrog rams is not sp ecific for a FAT orig in. Fraction-

ated electrog rams are often recorded from mu ltip le sites throu g hou t the atria as electri-

cal fractionation is associated w ith ag eing , dilatation, stru ctu ral heart disease and atrial 

arrhythmias.2 1 -2 4  Y et, w hen the hyp othesis that p oor cell-to-cell cou p ling  is req u ired for 

FAT to occu r is correct, it is lik ely that the incidence of fractionated atrial electrog rams at 

the FAT orig in is hig her comp ared to other atrial sites.

The g oal of this stu dy w as therefore to q u antify the deg ree of fractionation of bip olar 

atrial electrog rams obtained from p atients w ith FAT and to stu dy characteristics of atrial 

electrog rams in relation to the distance to the site of earliest activ ation du ring  FAT u sing  

3-dimensional bip olar electro-anatomical activ ation map s.



318

M ethods

Study Population

The study population comprised 15 consecutive patients (6 Male, 40 ± 14(19-72) yrs) re-

ferred for catheter ablation of FAT. Hospital records were reviewed with respect to clinical 

presentation, cardiac diseases, history of hypertension, previous cardiac surgery, anti-ar-

rhythmic drugs usage and hemodynamic function.

Mapping and Ab lation Procedure

The mapping and ablation procedure was guided by the 3-dimensional electro-anatomi-

cal mapping system (CARTO™ , Biosense W ebster, U SA) in all patients. This mapping 

technology has been described in detail previously.25;26 Mapping and ablation was per-

formed with a 7F Navistar catheter (4mm tip, 2 bipolar electrode pairs, inter-electrode 

distance 2 mm, Biosense W ebster, U SA). All bipolar electrograms were filtered between 

10 and 400 Hz and sampled at 1kHz.

If patients were in sinus rhythm at the onset of the ablation procedure, atrial tachycardia 

was induced using standard programmed electrical stimulation manoeuvres. The con-

struction of activation/ voltage maps during tachycardia started with designation of ana-

tomical structures. L ocal activation times were determined by marking the earliest onset 

of bipolar potentials and peak-to-peak amplitudes of atrial potentials were automatically 

measured for construction of bipolar voltage maps.14 In case of fractionated potentials, 

the peak-to-peak amplitude of the largest defl ection was measured. All markings were 

visually verified and annotations were adjusted manually if necessary.

Global mapping of the atria was performed to elucidate the mechanism of the tachycar-

dia. A FAT activation map was characterized by a wavefront originating from a circum-

scribed region from where its spreads to the remainder of the atrium. D etailed mapping 

within this region was aimed at identifying the site of earliest activity in relation to the P  

wave on the surface electrocardiogram. Radiofrequency current was applied at the site of 

earliest activation for 60 sec (max imum tip temperature set at 70° C, max imum output 

50 W att).

Follow-up

After hospital discharge, all patients visited the out-patient clinic 4 to 6 weeks after the 

ablation procedure. L ong-term outcome was evaluated by clinical symptoms, the resting 

surface electrocardiogram and 24-hour Holter monitoring. 
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Fractionation of Atrial Potentials

Electrograms were analysed when the variability in cycle length, local activation time and 

beat-to-beat difference of the catheter’s location were respectively < 2% , < 3ms and < 4mm. 

A stable beat-to-beat morphology of consecutive atrial potentials was also visually veri-

fied. Electrograms distorted by far-field electrical activity were excluded from analysis.

Atrial potentials were categorized according to the number of deflections. Single poten-

tials were defined as potentials consisting of one negative deflection with R and S waves 

of variable amplitudes. Double potentials contain 2 consecutive negative deflections and 

fractionated potentials consist of 3 or more consecutive negative deflections. The inci-

dence of single, double and fractionated potentials was determined for each patient. The 

time interval between the first and last deflection (‘fractionation duration’) and the peak-to-

peak amplitude of each double or fractionated potential was measured.

The distance to the site of earliest activity with respect to the surface p wave was measured 

for each atrial potential in order to study characteristics of atrial potentials in relation to 

the FAT origin.

Statistical Analysis

All data are expressed as mean ± standard deviation. Pearson’s correlation coefficient and 

(in) dependent student’s T-tests were used to validate significance of the data acquired. 

A probability level of 5%  was considered statistically significant.
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Table 1. Characteristics of the study population

pt no. age gender cardiac disease incessant AT

1 72 M MV D, HT Y

2 43 F MV D, AOV D Y

3 58 M MV D Y

4 34 F Y

5 22 F N

6 44 F N

7 52 F MV D N

8 41 F HT N

9 39 F AV SD N

10 49 M ASD-II + PS N

11 29 F TA + PS Y

12 26 F TGA + V SD after AFL

13 19 M ccTGA + V SD + PS after AFL

14 30 M monoV +monoA + TGA + PS N

15 36 M ASD + TGA + TA + PS Y

M: male, F: female, MV D: mitral valve disease, AOV D: aortic valve disease, ASD: atrial septal defect, AV SD: 

atrioventricular septal defect, PS: pulmonary stenosis, TA: tricuspid atresia, TGA: transposition of the great ar-

teries, ccTGA =  corrected congenital TGA, monoA =  mono-atrium, monoV  =  mono-ventricle, HT =  hypertension.

Table 2. Classifi cation of bipolar potentials recorded during FAT.

B ipolar P otentials (N = 118 ± 64)

pt no. S P  ( % ) DP  ( % ) FP  ( % )

1 61 12 27

2 52 33 16

3 79 16 5

4 73 26 1

5 8 1 18 1

6 8 1 19 0

7 45 29 26

42 39 19

8 42 46 12

65 28 7

9 61 30 9

10 44 32 25

11 59 28 13

30 23 47

12 79 19 2

13 46 21 32

14 62 21 18

15 62 24 14

SP: single potentials, DP: double potentials, FP: fractionated potentials. 
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R esults

Study Population

Clinical characteristics of the study population (N = 15, 6 male, age 40 ± 14 (19-72) yrs) 

are summarized in Table 1. Seven patients had prior cardiac surgery for congenital heart 

disease and 4 for acquired mitral valve disease. Hypertensive heart disease was present in 

two subjects. Left atrial diameter estimated by M-mode echocardiography ranged from 

3.5 to 5.3 [4.3 ± 1.0]  mm.

Mapping Procedure 

Eighteen different atrial FAT (CL 346 ± 109 (190-550) ms) were studied and treated by 

catheter ablation. Only 1 FAT originated from the left atrium. FAT was incessant in 6 

patients. In two patients, FAT appeared after ablation of a typical atrial flutter. Eight FAT 

were induced with fixed rate pacing; isoproterenol infusion was additionally required in 

one patient. In two patients, FAT was induced with atrial extra stimuli. In 2 other patients, 

a new FAT originating from another area emerged after ablation of the presenting tachy-

cardia. In one patient, 2 ablation procedures for different FAT were performed with an 

interval of 5 years. 

Fractionation of Atrial Potentials

The degree of fractionation as measured in 2250 bipolar atrial potentials recorded during 

the 18 different FAT is shown in Figure 1. The incidence of single potentials (non frac-

tionated) in the right atrium ranged from 30 to 81 [59 ± 16]% (Table 2). The incidence 

Figure 1.

Incidence of bipolar atrial potentials consisting of 1, 2 and 3 or more deflections for each patient separately.

SD = single potentials, DP = double potentials, FP = fractionated potentials
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of double potentials was higher than the incidence of fractionated potentials (double 

potentials: 26 ± 8%; fractionated potentials: 15 ± 13%, p<0.005). There was no difference 

in the degree of fractionation between patients with and without congenital heart disease 

(p = 0.4) or between patients with or without a history of prior cardiac surgery (p = 0.18). 

Fractionation was not associated with tachycardia cycle length (r = -0.26, p = 0.29) or left 

atrial diameter (r = 0.47, p = 0.30).

A typical example of a right atrial activation map (pt no 7) during FAT originating from 

the lateral free wall is shown in Figure 2. Atrial potentials recorded at varying distances 

from the FAT origin are shown outside the activation map. Nearly all atrial potentials 

recorded within a distance of 2 cm from the site of earliest activation were fractionated. 

Electrograms recorded at the site of earliest activation of all eighteen different FAT are 

given in Figure 3; in each patient, the electrogram representing the site of origin consisted 

of fractionated atrial potentials.

Figure 2.

Bipolar activation map of the right atrium (right lateral view), demonstrating a FAT originating from the lateral 

free wall. Examples of fractionated atrial potentials recorded within 2 cm distance (‘focal area’) are shown 

outside the map. Most atrial potentials obtained within a distance of less than 2 cm from the site of earliest 

activation are fractionated.
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Interestingly, in all patients, the incidence of double and fractionated potentials decreased 

with increasing distance from the site of origin (r = -0.88, p < 0.001); in other words, the 

degree of fractionation within 2 cm of the site of origin was significantly higher compared 

the degree of fractionation at longer distances. Therefore, mapping sites located within 

2 cm from the site of origin were classified to belong to the ‘focal area’. Electrograms 

recorded at all other sites were named the ‘remaining area’. 

The degree of fractionation of bipolar potentials obtained recorded from the focal area 

(N = 26 ± 16) and the remainder of the atrium (N = 92 ± 54) for each individual FAT is 

shown in Figure 4 (upper panel). The incidence of double and fractionated bipolar poten-

tials within the focal area ranged from 17 to 100 [67 ± 23]%. Double and fractionated po-

tentials were more frequently recorded within the focal area than in the remainder of the 

atria (67 ± 22% versus 34 ± 14%, p <0.001). In patients w ith out congenital heart disease, a 

high number of double and fractionated potentials within the focal area was associated 

with ageing (r = 0.85, p = 0.004).

Figure 3.

Schematic representation of the atria. Electrograms recorded at the site of earliest activation during the 18 FAT. 

The location of sites of earliest activation are marked with a black asterix. Sites located at the anterior part of 

the right atrium are marked with a grey asterix. During each FAT, the origin was characterized by a fractionated 

atrial potential.
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Within the focal area, there was no difference between the number of double (34 ± 19%) 

and the number of fractionated potentials (32 ± 30%, p = 0.8). In the remainder of 

the atria, fractionated potentials were less frequently recorded than double potentials 

(p <0.001).

Fractionation Duration

From the signals shown in the previous figures it is apparent that not only the degree of 

fractionation is higher near the site of origin but also the duration is longer compared 

to signals recorded at a longer distance. The frequency distributions of the fractionation 

duration of atrial potentials obtained from the focal area and the remainder of the atrium 

are given in Figure 5 (upper panel).

Fractionation duration of all double and fractionated potentials recorded within the fo-

cal area was longer than the signal duration recorded from the remainder of the atrium 

(49 ± 22 ms versus 34 ± 17 ms, p <0.001). 

Fractionation duration of atrial potentials recorded in patients with congenital heart dis-

ease was not different than the fractionation duration recorded in the other patients (45 

± 22 ms versus 37 ± 17 ms, p = 0.26).

Figure 4.

Incidence of bipolar atrial potentials consisting of 1, 2 and 3 or more deflections for each patient separately 

(bars) and for the entire study population (pies). The incidence of atrial potentials containing 2 or more deflec-

tions in the focal area was significantly higher than in the remainder of the atrium.
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Peak-to-Peak Amplitude

The frequency distributions of the peak-to-peak amplitude of bipolar electrograms re-

corded from the focal area and the remainder of the atrium are shown in Figure 5 lower 

panels. The peak-to-peak amplitude of bipolar atrial potentials recorded from the focal 

area were significantly lower than the peak-to-peak amplitude of bipolar atrial potentials 

recorded from the remainder of the atria (focal area: 0.51 ± 0.43 [0.12-1.7] mV versus 

remainder of the atria: 0.94 ± 0.69 [0.22-2.58] mV, p = 0.03).

Amplitudes of atrial potentials obtained from patients with a history of cardiac surgery 

were lower than from patients without prior surgery (0.95 ± 0.70 mV versus 0.45 ± 0.32 

mV, p = 0.01).

Ablation Procedure and Follow-U p

Seventeen FAT (94%) were successfully ablated (termination during ablation and not in-

ducible after ablation). There was no termination during ablation in one patient and this 

patient had to be cardioverted to sinus rhythm. During a follow-up period of 25 ± 25 

months, recurrences were observed in two patients.

Figure 5.

Upper panels: frequency distribution of the incidence of fractionation duration of atrial potentials obtained from 

the focal area (left) and remainder of the atria (right). 

L ower panels: frequency distribution of the incidence of peak-to-peak amplitudes of atrial potentials obtained 

from the focal area and the remainder of the atria.
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Discussion

The key finding of this study is that within a distance of less than 2 cm from the site of ear-

liest endocardial activity during FAT, bipolar potentials are characterized by a high degree 

of fractionation, prolonged fractionation duration and low peak-to-peak amplitudes.

We analysed characteristics of atrial potentials in relation to the distance to the site of 

earliest activity during FAT. Several studies reported the presence of fractionated electro-

grams at successful ablation sites of FAT but up till now no study evaluated differences in 

fractionation between the focal area and the remainder of the atrium.14 

The results of this study support the hypothesis that a certain degree of cellular uncou-

pling (reflected by a high degree of fragmentation, long signal duration and low ampli-

tudes) is required for the development of FAT thereby providing further insight into the 

aetiology of FAT.

Fractionation of Atrial Potentials

In our study population, a significant number of fractionated atrial potentials was re-

corded in all patients. One might argue that due to the natural tendency to acquire more 

sampling points within the so-called focal area the degree of fractionation was (at least 

partly) associated with the relatively high sampling density within this area. However, in 

all patients, the number of atrial potentials recorded in the remainder of the atria was 

at least 4 times higher than the number of points recorded within the focal area thereby 

limiting the effect of high density mapping within the focal area.

Fractionated atrial potentials consist of multiple small, rapid deflections reflecting asyn-

chronous activation of atrial tissue surrounding the recording electrode.27 Local asynchro-

nous activation has been observed during sinus rhythm and atrial arrhythmias.21-23;28-31

Experimental studies have demonstrated that fractionation is either anatomically (hetero-

geneity in atrial structure) or functionally (dispersion of refractory period) determined.16 

As bipolar electrogram represent the difference between two unipolar electrograms –  most 

likely also fractionated –  bizarre complexes may be recorded. The severity of fractionation 

probably reflects the amount of interstitial fibrosis, affecting intra-atrial conduction. It is 

unlikely that these slow components were caused by poor contact as electrograms were 

only analyzed when the variability in cycle length, local activation time and beat-to-beat 

difference of the catheter’s location were respectively < 2%, < 3ms and < 4mm and when a 

stable beat-to-beat morphology of consecutive atrial potentials was visually verified. The 

fact that ablation at sites from which relative slow extra-cellular potentials were recorded 

resulted in elimination of the focal atrial tachycardia indicated that there was local con-

duction, though perhaps only through deeper layers of the atrial wall.

Interestingly, in our study, the incidence of fractionated atrial potentials in patients with 

congenital heart disease was not higher than in the patients without congenital heart dis-

ease. As atrial tissue in congenital heart disease patients is affected by prior cardiac sur-
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gery and hemodynamic overload, higher incidence of fractionated atrial potentials was 

therefore expected. However the non-congenital group was older (46 ± 15 yrs) than the 

congenital group of patients (33 ± 15, P = 0.07). As ageing is associated with increased 

fractionation this may explain the finding that the degree of fractionation was the same 

in both groups.

FAT were defined as tachycardias characterized by a focal spread of activation originating 

from a localized area. Focal activity could be due to triggered activity, enhanced 

automaticity or micro-reentry. The high degree of fractionation indicated that poor cell-

to-cell coupling at the origin was present in most patients. Reduced cell-to-cell coupling 

may facilitate conduction abnormalities and this finding therefore may support micro-

reentry as the underlying mechanism of FAT. The activation maps did not support 

“ macro” -reentry as a possible mechanism as in none of the patients a circulating wavefront 

around a macroscopic anatomical structure or a functional line of conduction block was 

recorded.

Focal Area

From Figure 3, it seems that focal areas in this study population were not only confined 

to trabeculated regions of the right atrium such as the crista terminalis. Some sites ap-

peared to be located more to the smooth posterior wall. It could be hypothesized that in 

case of volume or pressure overload, the thin postero-septal wall may be stretched even 

more than the trabeculated antero-lateral part of the right atrium. Stretch enhances tis-

sue anisotropy and hence increased the likelihood for AT to occur.32

The number of fractionated atrial potentials declines with increasing distance from the 

focal area. Bipolar potentials recorded within a distance of less than 2 cm from the site 

of earliest endocardial activity were characterized by a high incidence of fractionated po-

tentials, a longer fractionation duration and a lower peak-to-peak-amplitude compared 

to the remainder of the atria. Furthermore, fractionated atrial potentials were recorded 

from successful ablation sites in all patients. These findings support the postulation that 

cellular uncoupling is a pre-requisite for the elucidation of a FAT. The sparse side-to-side 

electrical coupling impairs conduction – though not resulting in conduction block – and 

reduces electronically inhibition of focal activity.

The findings of this study also imply that the substrate of FAT comprises a considerable 

larger area than only the site with the earliest endocardial activity which is targeted for 

ablation. 

Unfortunately, based on our data we can not give a definitive explanation for this finding. 

Yet, the results of our study suggested that electro-pathological changes affected a larger 

area than generally thought. This hypothesis is supported by the study of K ammeraad 

et al reporting that the recurrence rate of FAT after a successful catheter ablation is sig-

nificant which could be explained the fact that new FAT arise from other sites within the 

fractionated area.33
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The high incidence of fractionated potentials due to local dissociation in conduction 

around the site of earliest activation is consistent with the observation of expansion of 

FAT in patients through a preferential conduction pathway. 12

Study Limitations

The number of recorded atrial potentials – particularly in the focal area – was deter-

mined by the complexity of the ablation procedure. The natural tendency to increase the 

sampling density within the focal area might have affected the degree of fractionation 

although in all patients at least 4 times more points were acquired from the remaining 

atria than from the focal area. As unipolar potentials are frequently affected by far-field 

electrical activity, only bipolar atrial potentials were used for analysis. As it is known that 

fractionation of atrial potentials depends on direction of activation and that the activa-

tion direction during sinus rhythm differs from FAT we only studied fractionation during 

FAT and not during sinus rhythm. However, based on the findings of this study, it may be 

of interest to compare fractionation during FAT and sinus rhythm. 

Clinical Implications

The area around the site of earliest activation of FAT is characterized by an increased inci-

dence of fractionated potentials, a prolonged fractionation duration and a lower peak-to-

peak-amplitude. Hence, fractionation and voltage mapping can be used, besides activa-

tion mapping, to identify the site of origin of FAT during catheter ablation. The results of 

our study further supports the hypothesis that a certain degree of cellular uncoupling is 

required for the development of a FAT thereby providing further insight into the aetiology 

of FAT.
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