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Abstract 
Background: Radiofrequency ablation (RFA) of the cavo-tricuspid isthmus (CTI) is one of 

the most frequently performed procedures in electrophysiology. Cavotricuspidisthmus 

(CTI) ablation is the treatment of choice in preventing recurrences of typical atrial flutter 

(AFl). Bidirectional isthmus block is a criterion of successful ablation and is associated 

with the presence of different activation times on each side of the ablation line. Objective: 

The aim of this study was to determine a novel parameter clarify to improve a success rate 

in ablation of the CTI. Population and methods: We studied 35 patients with typical atrial 

flutter (60% male, mean age 48,5 +/- 10 years) who underwent successful ablation during 

tachycardia. The heart rhythm was sinus in 11% of patients and atrial flutter in 83% before 

the procedure. Electrophysiology mapping was used to confirm diagnosis of isthmus-

dependent atrial flutter, electroanatomic position guide the ablation line creation and assess 

its efficacy. Before and after CTI ablation, activation times were measured on the low 

lateral right atrium under pacing from the proximal coronary sinus ostium (with a 600 ms 

cycle), on the proximal sinus coronary ostium under pacing from the low lateral right 

atrium. Results: Mean activation time between proximal sinus coronary ostium and atrial 

bipolar electrogram (SC-RA ) enregistred from coronary sinus to low-lateral right atrium in 

sinus rhythm or in atrial flutter before the creation of the CTI block ablation were 103,7 ± 

30,6 ms and. After the creation of the CTI block ablation, Mean activation times were 

148,15±24,6 ms at low-lateral right atrium (LLRA)underpacing proximal sinus coronary 

ostium (PSCO) (PSCO -> LLRA) (P<0,001; r=0,54) and 143, 89±  30,36 ms at proximal 

sinus coronary ostium under pacing low-lateral right atrium to (LLRA -> PSCO ) 

(P<0,001; r=0,62). The linear regression equation that best described this result was: LLRA 

-> PSCO = 0,581 * SC-RA + 83,540; PSCO -> LLRA = 0,437 * SC-RA + 102,863. 

Conclusion: After atrial flutter ablation, the activation time between proximal sinus 

coronary ostium and atrial bipolar electrogram enregistred at the low-lateral right atrium 

during atrial flutter or in the sinus rhythm of more than half this time before ablation plus 

100 ms was associated with isthmus conduction block. This time criteria is very simplified 

criteria, make it easy to use in the routine ablation compared to others algorithm. This 

should however be confirmed before the end of the procedure through demonstration of 

bidirectional isthmus block. 
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1. Introduction 

Typical atrial flutter (AFl) is characterized by a 

macroreentry circuit around the tricuspid annulus; this circuit 

contains a propagating wave and an excitable gap. The 

anterior barrier of the activation wave is formed by the 

tricuspid annulus, while the posterior barrier is formed by the 

crista terminalis, the eustaquian ridge and its prolongation, 

the eustaquian valve.(1) 

Radiofrequency ablation (RFA) of the cavo-tricuspid 

isthmus (CTI) is one of the most frequently performed 

procedures in electrophysiology. Cavotricuspidisthmus (CTI) 

ablation is the treatment of choice in preventing recurrences 

of typical atrial flutter (AFl).A successful AFL ablation is 

achieved by creating a linear lesion with bidirectional 

conduction block in the cavotricuspidisthmus (CTI). The 

central part of the CTI (central CTI) is a reasonable site for 

creating the linear lesion, because it has a shorter length and 

thinner myocardium.(2) 

Despite a high success rate, ablation of the CTI can be 

unusually difficult in some cases. A complete, bidirectional 

conduction block in the cavotricuspid isthmus (CTI) 

represents the end-point of the typical atrial flutter ablation. 

(3) 

The aim of this study was to determine whether the time 

between proximal sinus coronary ostium and atrial bipolar 

electrogram enregistred at the low-lateral right atrium before 

ablation of the CTI during atrial flutter or in the sinus rhythm 

predicted the successful time between low-lateral right 

atrium and sinus coronary ostium and how calculated it. This 

criterion was very simplified criteria, make it easy to use 

compared to others algorithm. 

2. Material and Methods 

We conducted a prospective study in consecutive patients 

with ECG-documented flutter were undergoing ablation who 

underwent a first atrial flutter ablation during July 2009 - 

April 2014 in the Cardiology Departement at Abderrahmane 

mami Hospital. 

Our study is a prospective analysis of collected data, which 

consisted of patients with symptomatic Atrial flutter. Exclusion 

criteria were patients who were mentally unstable; who had 

alcoholism, myocardial infarction within 1 month of the study, 

terminal disease, or left atrial (LA) thrombus, non CVI flutter; 

who could not commit to participate in scheduled outpatient 

follow-up. All patients signed informed consent. 

All the procedures were performed using a previously 

described atrial flutter ablation technique(4). A 4-pole 

mapping catheter (St. Jude Medical) was positioned in the 

coronary sinus (CS), A 10-pole mapping catheter (St. Jude 

Medical) was situated at the lateral wall of the right atrium. A 

deflectable 7F catheter with an 8 mm tip electrode, (St. Jude 

Medical) was used as mapping and ablation catheter. In some 

cases when necessitated an irrigated-tip ablation catheter was 

used secondly. Therefore, AFL ablation targets the central 

CTI, which is speculated to be at a 6 o’clock position on left 

anterior oblique (LAO) view. The linear lesion for successful 

AFL ablation, however, varies from a 5 to 7 o’clock position 

on LAO view.(5) The RF energy was delivered by an IBI RF-

Generator, using 60°C as cut-off temperature and a power of 

maximum 65 W. Consecutive 60-s radiofrequency lesions 

were applied to the CTI, from the tricuspid valve to inferior 

vena cava, with no catheter movement permitted during 

radiofrequency (RF) delivery. The ablation endpoint was 

durable CTI block at 20 min post-ablation. 

The assessment of bidirectional CTI block was performed 

at the end of the procedure using the standard criteria (3), 

using the differential pacing criterion and the reversal in the 

right atrial depolarization sequence during CS pacing 

criterion. The conduction at the level of the CTI was 

evaluated immediately after conversion to sinus rhythm in 

the cases where ablation was carried out in atrial flutter or 

before the start of the ablation in the cases where the 

procedure was carried out in sinus rhythm. Pacing and 

recordings were performed in end points of the right atrium. 

We assessed the presence of a bidirectional block at the end 

of the procedure using the standard criteria(3). We then 

analyzed the time between the bipolar atrial electrograms 

situated in low-lateral right atrium from proximal coronary 

sinus ostium when stimulation was carried out from the 

proximal coronary sinus, or from the low-lateral right atrium 

before and after line ablation validated by CTI conduction 

block. If the patient was in flutter, the cycle of flutter was 

measured and the time of atrial depolarized conduction 

between low-lateral right atrium and proximal coronary sinus 

ostium. 

We then analyzed the mean activation time between 

proximal sinus coronary ostium and atrial bipolar 

electrogram (SC-RA) enregistred from coronary sinus to 

low-lateral right atrium before the creation of the CTI block 

ablation in sinus rhythm or in atrial flutter using the direction 

af atrial deplorization. Mean activation times were meseared 

after CTI block ablation at low-lateral right atrium (LLRA) 

under pacing proximal sinus coronary ostium (PSCO) (PSCO 

-> LLRA) and at proximal sinus coronary ostiumunder 

pacing low-lateral right atrium to (LLRA -> PSCO). 

The activation time for double atrial potential enregistred 

in catheter ablation for pacing in proximal coronary sinus 

ostium and for pacing low-lateral right atrium to proximal 

sinus coronary ostium were enregistred. 

2.1. Anticoagulation Management 

Patients were treated with warfarin to maintain an 

international normalized ratio (INR) between 2 and 3 for at 

least 3weeks before the ablation. Warfarin was discontinued 

4days before the ablation. Patients were given enoxaparin 

sodium 1mg/kg subcutaneously every 12 hours before the 

ablation. Both warfarin and enoxaparin were restarted 

immediately after the procedure, but enoxaparin was 

discontinued 3 days later. Heparin was also used during the 

procedure. Warfarin continued one month after atrial flutter 

ablation and more if the patient had concomitant atrial 

fibrillation. 
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Patients underwent routine clinic follow-up post-

operatively. 

2.2. Statistical Analysis 

Data are reported as mean and standard deviation (SD) for 

continuous variables and as proportion (%) for categorical 

variables. Median and quartiles are presented for skewed 

data. 

Data were analyzed using the Wilcoxon Rank test and 

results are displayed as average ± standard deviation. The 

characteristics of patients were compared using the Student t 

test or Mann–Whitney test for continuous variables, and the 

Fisher exact test or χ2 test for categorical data where 

applicable. A significant risk was determined if the 95% 

confidence interval (95% CI) exceeded 1, and the P-value 

was <0.05. All analyses were performed using the SPSS 19.0 

software program (SPSS). 

3. Results 

3.1. Patients 

From July 2009 through April 2014, we included 

35consecutive patients with atrial flutter. The mean age was 

48.5 ± 10 years (IQR 17-80 years), and 60% of the patients 

were men. Thirty three patients had CTI flutter. 

3.2. Baseline Clinical Characteristics 

Symptoms were present in all patients, mainly in the form 

of palpitations. However, there were other relevant symptoms 

associated to atrial flutter Fig1 

A two third of patient (76%) had an underling disorders 

(Fig2) 

 
Figure 1. Symptoms of patients 

One third of patient had a lone atrial flutter. Seventy-six percent had a cardiac disease. fig 2 

 

Figure 2. Underlying disorders 

3.3. Pre-Operative Evaluation 

A baseline electrocardiogram at admission was performed 

in all patients. The heart rhythm was sinus in 11% of patients 

and atrial flutter in 83% before the procedure. 25 patients had 

electrocardiogram typical flutter and 4 had atypical flutter 

electrocardiogram. 

An echocardiogram at admission was performed for all 

patients: 68% transthoracic, all patients had transesophageal 

24-48 hours before ablation. 

The median left atrial area was 24.7 cm² (IQR 15-61 cm²) 
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and the median ejection fraction was 51%.  All patients were with antiarrhythmic drugs fig 3 

 
Figure 3. Antiarrhythmias before ablation procedure 

3.4. Ablation Technique 

The procedure was performed under general anaesthesia. 

With regard to anticoagulation therapy, our centre used 

unfractionated heparin. The median duration of the procedure 

was 110.5min (IQR 40-240), with a median fluoroscopy time 

of 29.1 min (IQR 10-90 min). The ablation was performed 

with 8mm catheter, in three cases we changed to an open 

irrigation-tip catheter. Thirty three patients were CTI flutter; 

three are horaire, 29 antihoraire and one patient double loop 

antihoraire flutter. RF ablation was carried out with 8mm 

catheter between 60 and 70 W, a temperature of 60ºC for 60 

seconds and with an irrigated-tip 4-mm with an energy 

output between 25 and 35 W, a temperature of 42ºC for 60 

seconds, and a flow rate of saline irrigation set to 17 ml/min. 

83% patients were in atrial flutter and mean flutter cycle 

length was 248.9 ± 38.8ms.  

Using the standard evaluation criteria of CTI conduction 

block, bidirectional block was demonstrated for all patients. 

Mean activation time between proximal sinus coronary 

ostium and atrial bipolar electrogram (SC-RA ) enregistred 

from coronary sinus to low-lateral right atrium before the 

creation of the CTI block ablation were 103.7 ± 30.6 ms and. 

After the creation of the CTI block ablation, Mean activation 

times were 148.15±24.6 ms at low-lateral right atrium 

(LLRA)under pacing proximal sinus coronary ostium 

(PSCO) (PSCO -> LLRA) (P<0.001; r=0.54) and 143.89±  

30.36 ms at proximal sinus coronary ostium under pacing 

low-lateral right atrium to (LLRA -> PSCO ) (P<0.001; 

r=0.62). The linear regression equation that best described 

this result was: LLRA -> PSCO = 0.581 * SC-RA + 83.540; 

PSCO -> LLRA = 0.437 * SC-RA + 102.863 

The activation time for double atrial potential enregistred 

in catheter ablation was 82.6±  20.74 ms for pacing in 

proximal coronary sinus ostium and 76.31±  17 ms for pacing 

low-lateral right atrium to proximal sinus coronary ostium. 

Spearman’s test showed a statistically significant 

correlation between the activation time between low-lateral 

right atrium (LLRA) and proximal sinus coronary ostium 

(PSCO) before and after CTI block ablation(P<0.001; r=0.54; 

r=0.62). The linear regression equation that best described 

(fig 4) 

  

a                                                                                      b 

Figure 4. Correlation between the activation time between low-lateral right atrium (LLRA) and proximal sinus coronary ostium (PSCO) before and after CTI 

block ablation. The linear regression equation that best described this result was in a: LLRA -> PSCO = 0.581 * SC-RA + 83.540; and in b: PSCO -> LLRA = 

0.437 * SC-RA + 102.863 
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Based on symptoms, on scheduled 12-lead ECG and 24 

hours monitoring ECG performed during a follow-up of 15 

(IQR: 1-58 months), success without antiarrhythmic drugs 

was achieved in 100 % of patients. 

4. Discussion 

Atrial flutter is a frequent arrhythmia in clinical practice, 

its incidence being 180/100000 in general population(6). 

Nowadays, the gold standard therapy is catheter ablation of 

the CTI(7,8).This study was to determine a novel parameter 

clarify to improve a success rate of CTI ablation useful less 

time and less mapping catheter. Several criteria have been 

proposed for defining bidirectional block: reversal in the 

right atrial activation sequence during CS pacing(9), 

differential pacing(10), a change in the P wave morphology 

on surface ECG(11), the analysis of the unipolar 

electrogram(12), the demonstration of a large corridor of 

double potentials between the tricuspid valve and inferior 

vena cava (13)or incremental rapid pacing, as recently 

described by Marchlinski et al(14).The most accurate and 

standard criteria is represented by the reversal in the right 

atrial activation sequence during CS pacing, validated by 

differential pacing (15), by  the morphology of the bipolar 

atrial electrograms(16), by bidirectional isthmus block,(3). 

All this criteria necessitate three mapping catheter in order to 

validate CTI bidirectional isthmus block, more time in the 

procedure. Our study demonstrated that the activation time 

between low-lateral right atrium and proximal sinus coronary 

ostium before CTI block ablation predicted the value of 

successful activation time between low-lateral right atrium 

and proximal sinus coronary ostium after bidirectional block. 

This activation time criteria is very simplified criteria, make 

it easy to use in routine CTI ablation compared to others 

algorithm. 

Reis-Santos and al(17) demonstrated  that the difference in 

isthmic activation times correlates with the length of the 

atrial flutter cycle. In fact, the flutter cycle, that is the speed 

at which the electrical stimulus travels through the RA and 

activates the same point of the atrium, depends on atrial size 

and conduction velocity. The latter in turn depends on the 

electrophysiological characteristics of the patient’s atrial 

tissue, which can be modified by administration of drugs, 

particularly amiodarone. In the case of a large, dilated atrium 

or of slow conduction, it will take more time to complete the 

flutter circuit and the flutter cycle will therefore be long, and 

conversely, with a small atrium or rapid conduction, the cycle 

will be shorter. These characteristics (atrial size and 

conduction velocity) will also affect the time between low-

lateral right atrium and proximal sinus coronary ostium 

before and after ICT block. With a large atrium or slow 

conduction, lateral activation time in the presence of isthmus 

block will present a more marked delay in relation to 

activation time between right atrium and proximal coronary 

sinus ostium than that obtained with an effective block in a 

small atrium or with rapid conduction. In other words, 

ablation of flutters with a long activation time between right 

atrium and proximal coronary sinus ostium should result in 

greater time between low-lateral right atrium and proximal 

sinus coronary ostium than effective ablation of flutters with 

a short cycle, since the conduction delay in the electrical 

stimulus reaching the lateral border of the isthmus block will 

be greater due to the RA dilation and/or slow conduction 

found in flutters with a long cycle and a long activation time 

between right atrium and proximal coronary sinus ostium. 

Thus, following ablation of atrial flutter, the time between 

low-lateral right atrium and proximal sinus coronary ostium 

before ICT ablation correlate with atrial size and conduction 

velocity, in other words with the flutter cycle length,(17) and 

the activation time between low-lateral right atrium and 

proximal sinus coronary ostium after ICT ablation can 

indicate successful ablation. 

The 33 patients in this series presented typical atrial flutter, 

confirmed by electrophysiological study, in intracavitary 

electrograms. Criteria of success were achieved in all patients 

after ablation. Following ablation, under pacing from the 

coronary sinus, there was a consistent conduction delay on 

the lateral side of the ablation line, as shown by the short 

activation times on the lateral side before ICT ablation which 

was correlated in a statistically significant. This correlation 

can be expressed by the follow linear regression equation: 

PSCO -> LLRA = 0.437 * SC-RA + 102.863. In the same 

case, under pacing from low-lateral right atrium, the 

conduction delay on the septal side near proximal sinus 

coronary ostium was correlated between before and after 

ablation. This correlation can be expressed by the follow 

linear regression equation: LLRA -> PSCO = 0.581 * SC-

RA+ 83.540 

In simpler terms, in these successful ablations the 

activation time between low-lateral right atrium (LLRA) and 

proximal sinus coronary ostium (PSCO) before and after CTI 

block ablation was consistently more than half this activation 

time before ablation plus 102 ms, and so determining this 

type of activation time indicates the presence of isthmus 

block, and the procedure can be suspended in order to 

ascertain by the usual method whether the block is 

bidirectional. An activation time after ablation of less than 

predicted value suggests gaps in the ablation line, which 

should be checked for continuity. 

We would point out that determining this activation time 

predicted value is quick and easy, as it can be obtained via 

the catheters used in the procedure – the coronary sinus 

catheter for stimulation and the mapping catheter, the only 

one that needs to be manipulated and positioned on lateral 

borders of the right atrium. The existence of a particular 

value for the desired delay may represent a further advantage. 

A conduction delay on the lateral side of the ablation 

means effective isthmus block is extremely likely, but not 

absolutely sure. In certain situations, the cavo-tricuspid 

isthmus lesion may alter electrical conduction at that point, 

slowing down conduction but not achieving complete block. 

In such cases, there will also be a conduction delay on the 
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lateral side, but this will be less marked than that seen when 

there is an effective block. It can therefore be postulated that 

in these situations it is possible to find a prolonged lateral 

activation time and a large activation time, but still smaller 

than activation time predicted value. Solutions of continuity 

in the ablation line have been found in such cases, with 

greater or lesser conduction velocities, which can be 

determined by intracavitary electrogramsalong the isthmus. 

The presence of double potentials would tend to confirm the 

existence of an effective block, while single or fragmented 

potentials in the interval between double potentials may 

indicate a solution of continuity (18). 

5. Conclusion 

Our study suggests that the activation time between 

proximal sinus coronary ostium and atrial bipolar electrogram 

enregistred at the low-lateral right atrium after ablation of the 

CTI during atrial flutter or in the sinus rhythm correlates with 

this activation time before CTI ablation. The activation time 

after ablation would be expected from the equation PSCO -> 

LLRA = 0,437 * SC-RA + 102,863 predicts isthmus 

conduction block and hence successful ablation. 

In simpler terms, obtaining a conduction delay underling 

sinus coronary ostium pacing to low lateral right atrium of 

more than half this time before ablation plus 80 ms indicates 

successful treatment. This should however be confirmed 

before the end of the procedure through demonstration of 

bidirectional isthmus block, the current gold standard of 

efficacy in ablation of typical atrial flutter. 

References 

[1] Olgin JE, Kalman JM, Fitzpatrick AP, Lesh MD. Role of right 
atrial endocardial structures as barriers to conduction during 
human type I atrial flutter. Activation and entrainment 
mapping guided by intracardiac echocardiography. 
Circulation. 1 oct 1995;92(7):1839‑48. 

[2] Cabrera JA, Sánchez-Quintana D, Farré J, Rubio JM, Ho SY. 
The inferior right atrial isthmus: further architectural insights 
for current and coming ablation technologies. J Cardiovasc 
Electrophysiol. avr 2005;16(4):402‑8. 

[3] Rosu R, Abdelaal A, Andronache M, Gusetu G, Muresan L, 
Martins R, et al. Assessment of the Correlation Between Two 
Defining Criteria for Bidirectional Isthmic Block in the 
Ablation of Typical Atrial Flutter. Indian Pacing 
Electrophysiol J. 7 févr 2011;10(12):536‑46. 

[4] Feld GK, srivatsa U, hope B. Catheter Ablation of Cardiac 
Arrhythmias. hung SKS, Wood MA. saunders elsevier; 2006. 
195 p. 

[5] Steinberg JS, Prasher S, Zelenkofske S, Ehlert FA. 
Radiofrequency catheter ablation of atrial flutter: procedural 
success and long-term outcome. Am Heart J. juill 
1995;130(1):85‑92. 

[6] Granada J, Uribe W, Chyou PH, Maassen K, Vierkant R, 
Smith PN, et al. Incidence and predictors of atrial flutter in the 

general population. J Am Coll Cardiol. déc 2000;36(7):2242‑
6. 

[7] Anselme F, Saoudi N, Poty H, Douillet R, Cribier A. 
Radiofrequency catheter ablation of common atrial flutter: 
significance of palpitations and quality-of-life evaluation in 
patients with proven isthmus block. Circulation. 2 févr 1999; 
99(4):534‑40. 

[8] Natale A, Newby KH, Pisanó E, Leonelli F, Fanelli R, Potenza 
D, et al. Prospective randomized comparison of 
antiarrhythmic therapy versus first-line radiofrequency 
ablation in patients with atrial flutter. J Am Coll Cardiol. juin 
2000;35(7):1898‑904. 

[9] Cauchemez B, Haissaguerre M, Fischer B, Thomas O, 
Clementy J, Coumel P. Electrophysiological effects of catheter 
ablation of inferior vena cava-tricuspid annulus isthmus in 
common atrial flutter. Circulation. 15 janv 1996;93(2):284‑94. 

[10] Shah D, Haïssaguerre M, Takahashi A, Jaïs P, Hocini M, 
Clémenty J. Differential pacing for distinguishing block from 
persistent conduction through an ablation line. Circulation. 26 
sept 2000;102(13):1517‑22. 

[11] Hamdan MH, Kalman JM, Barron HV, Lesh MD. P-wave 
morphology during right atrial pacing before and after atrial 
flutter ablation--a new marker for success. Am J Cardiol. 15 
mai 1997;79(10):1417‑20. 

[12] Villacastin J, Almendral J, Arenal A, Castellano NP, Gonzalez 
S, Ortiz M, et al. Usefulness of unipolar electrograms to detect 
isthmus block after radiofrequency ablation of typical atrial 
flutter. Circulation. 19 déc 2000;102(25):3080‑5. 

[13] Feld G, Green U, Narayan S. Catheter Ablation of Cardiac 
Arrhythmias. Wilber DJ, Packer DL, Stevenson WG. 3-rd Ed., 
Blackwell Futura; 2008. 72 p. 

[14] Bazan V, Martí-Almor J, Perez-Rodon J, Bruguera J, 
Gerstenfeld EP, Callans DJ, et al. Incremental pacing for the 
diagnosis of complete cavotricuspid isthmus block during 
radiofrequency ablation of atrial flutter. J Cardiovasc 
Electrophysiol. janv 2010;21(1):33‑9. 

[15] Chen J, de Chillou C, Basiouny T, Sadoul N, Filho JD, 
Magnin-Poull I, et al. Cavotricuspid isthmus mapping to 
assess bidirectional block during common atrial flutter 
radiofrequency ablation. Circulation. 21 déc 
1999;100(25):2507‑13. 

[16] Andronache M, de Chillou C, Miljoen H, Magnin-Poull I, 
Messier M, Dotto P, et al. Correlation between electrogram 
morphology and standard criteria to validate bidirectional 
cavotricuspid block in common atrial flutter ablation. Eur Eur 
Pacing Arrhythm Card Electrophysiol J Work Groups Card 
Pacing Arrhythm Card Cell Electrophysiol Eur Soc Cardiol. 
oct 2003;5(4):335‑41. 

[17] Reis-Santos K, Adragão P, Aguiar C, Cavaco D, Morgado F, 
Raposo L, et al. Atrial flutter ablation: correlation between 
isthmic activation times and flutter cycle. Rev Port Cardiol 
Orgão Of Soc Port Cardiol Port J Cardiol Off J Port Soc 
Cardiol. avr 2004;23(4):533‑44. 

[18] Shah DC, Haïssaguerre M, Jaïs P, Fischer B, Takahashi A, 
Hocini M, et al. Simplified electrophysiologically directed 
catheter ablation of recurrent common atrial flutter. 
Circulation. 21 oct 1997;96(8):2505‑8. 

 


