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Background: New-onset atrial fibrillation (AF) after ablation of typical atrial flutter (AFL)

is not rare. This study aimed to investigate the predictive value of electrocardiographic

parameters on new-onset AF post-typical AFL ablation.

Methods: A total of 158 consecutive patients (79.1% males, mean age 57.8 ± 14.3

years) with typical AFL were enrolled between January 2012 and August 2017 in

this single-center study. Patients with a history of AF before ablation were excluded.

ECGs during sinus rhythm (SR) and AFL were collected. The duration of the negative

component of flutter wave in lead II (DFNII), proportion of the DFNII of the total circle length

of AFL (DFNII%), amplitude of the negative component of flutter wave in lead II (AFNII),

duration (DPNV1), and amplitude (APNV1) of negative component of the P wave in lead V1,

and P wave duration in lead II (DPII) during sinus rhythm were measured.

Results: During amedian follow-up of 26.9± 11.8months, 22 cases (13.9%) developed

new-onset AF. DFNII was significantly longer in patients with new-onset AF compared

to patients without AF (114.7 ± 29.6ms vs. 82.7 ± 12.8ms, p < 0.0001). AFNII was

significantly lower (0.118 ± 0.034mV vs. 0.168 ± 0.051mV, p < 0.0001), DPII (144.21

± 23.77ms vs. 111.46 ± 14.19ms, p < 0.0001), and DPNV1 was significantly longer

(81.07 ± 16.87ms vs. 59.86 ± 14.42ms, p < 0.0001) in patients with new-onset AF. In

the multivariate analysis, DFNII [odds ratio (OR), 1.428; 95% CI, 1.039–1.962; p = 0.028]

and DPII (OR, 1.429; 95% CI, 1.046–1.953; p = 0.025) were found to be independently

associated with new-onset AF after typical AFL ablation.

Conclusion: Parameters representing left atrial activation time under both the SR

and AFL were independently associated with new-onset AF post-typical AFL ablation

and may be useful in risk prediction, which needs to be confirmed by further

prospective studies.
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WHAT IS KNOWN?

• New-onset AF after ablation of typical AFL is not rare.
• Some ECG parameters such as P wave duration and amplitude

and fragmented QRS complex under SR are predicators of AF
after AFL ablation.

WHAT THE STUDY ADDS?

• Electrocardiogram parameters during both the AFL and SR
were useful in predicting the risk of new-onset AF in typical
patients with AFL post-ablation.

• Duration-related parameters such as duration of the negative
component of flutter wave in lead II (DFNII) and P wave
duration in lead II during SR (DPII) were independent risk
predictors of the occurrence of AF.

INTRODUCTION

Typical atrial flutter (AFL) is a frequently encountered clinical
tachyarrhythmia, especially occurring in elderly people. Given
the high success rate and low risk, radiofrequency catheter
ablation (RFCA) is currently the first-line treatment of AFL.
However, previous studies showed that even in patients without
previously documented atrial fibrillation (AF), the risk of new-
onset AF after AFL ablation was relatively high (1–4), rendering
either a second AF ablation or a delayed AF management.
Therefore, it is of great significance to screen such patients.

Currently, predictors for new-onset AF in patients with AFL
are mainly based on baseline clinical characteristics including
body mass index (BMI) (5), obesity (6), diabetes (7), heart failure
(8), chronic renal insufficiency (9), and the Congestive heart
failure/left ventricular ejection fraction ≤40%, Hypertension,
Age ≥75 years, Diabetes mellitus, Stroke/transient ischemic
attack/thromboembolism history, Vascular disease, Age 65–
74 years, Sex (female) (CHA2DS2-VASc) score (10). Other
clinical characteristics such as left atrial volume (11), ECG
parameters (12, 13), left atrial diameter (LAD) (14), and left
ventricular ejection fraction (LVEF) (15) were also reported
to be useful. Since the biatrial activation and wavefront
conduction patterns during both the AFL and sinus rhythm
(SR) were studied (16–18), the relationship between the
regional activation and the corresponding components of
surface ECG had been well-established (16). Therefore, the
disease of the atria can be reflected by the changes of these
components. We, thus, hypothesized that such changes are
more intuitive and direct for predicting AF occurrence post-
AFL ablation because AF itself is the clinical presentation of
atrial cardiomyopathy (19).

Thus, ECG parameters, which could be easily obtained, were
widely used for predicting new-onset AF after AFL ablation.
Currently, P wave duration (20) and amplitude (21, 22) under
SR are more commonly used. However, different rhythms have
different blind areas when projecting to surface ECG. The
components of P wave were sometimes difficult to measure,
especially in patients with small P wave. Using the components
of a more prominent wave—flutter wave under AFL to predict

the post-procedural AF occurrence has not been reported. In this
study, we investigate the predictive value of electrocardiographic
parameters obtained from P wave and flutter wave on new-onset
AF post-typical AFL ablation.

METHODS

Patients
From January 2012 to August 2017, patients with typical
counterclockwise-AFL (CCC-AFL) referring for ablation in
the Nanjing Medical University Hospital were consecutively
enrolled. The ECG definition of typical AFL (CCW-AFL)
was previously reported (16). Exclusion criteria included: (1)
Documented AF episodes before ablation; (2) Contraindication
to ablation; (3) Life expectancy <1 year; and (4) Clockwise AFL
was also excluded, since its proportion was very small. After
admission, routine tests and echocardiogram were performed.
Transesophageal echocardiogram or CT was conducted to rule
out atrial thrombosis. Written informed consent was obtained
before operation. The clinical protocol was approved by the
ethics committee.

Electrocardiogram Measurement
Standard 12-lead ECGs during CCW-AFL and SR were
obtained (filter range 0.5–100Hz; AC filter 50Hz, 25 mm/s, 10
mm/mV) before procedure. Antiarrhythmic drugs (AADs) were
discontinued for at least 5 half-lives before ECG collection. If
ECG during SR or AFL could not be obtained after enrollment,
the patients were asked to provide the most recent ECG free
from any AADs influence (administration of AADs within 1
month before the ECG acquisition). An obvious deflection point
between each flutter wave was treated as the baseline according
to a previous study (16). The ECG component that reflects
left atrial activation during CCW-AFL or SR was measured as
follows (Figure 1): (1) duration of the negative component of
flutter wave in lead II (DFNII); (2) the proportion of DFNII of
total CCW-AFL circle length (DFNII %); (3) the amplitude of
the negative component of flutter wave in lead II (AFNII); (4)
the total amplitude of the flutter wave in lead II (AFII); (5)
the amplitude of negative component of P wave in lead V1
during SR (APNV1); (6) the duration of negative component of
P wave in lead V1 during SR (DPNV1); and (7) duration of
P wave in lead II during SR (DPII). P wave terminal force of
V1 (PtfV1) was also calculated. Adobe Acrobat XI Pro (Adobe,
California, USA) was used to do the measurement by two
independent experienced cardiologists who were not involved
in this study. The value provided by each cardiologist was an
average value of three different beats. The final value was the
average of the results by each cardiologist. The values would
be remeasured to reach a consensus by both the cardiologists
under at least one the following circumstances to control the
interobserver variation: (1) The amplitude difference under SR
was over 0.05mV; (2) The amplitude difference under AFL was
over 0.1mV; (3) The duration difference under sinus rhythm
was over 0.04 s; and (4) The duration difference under AFL
was over 0.08 s.
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FIGURE 1 | Measurement of ECG parameters. (A) Lead II during sinus rhythm. (B) Lead V1 during sinus rhythm. (C) Lead II during AFL. AFL, atrial flutter; AFNII,

amplitude of the negative component of flutter wave in lead II; APNV1, amplitude of negative component of the P wave in lead V1 during sinus rhythm; DFNII, duration of

the negative component of flutter wave in lead II; DPII, P wave duration in lead II during sinus rhythm; DPNV1, duration of negative component of the P wave in lead V1

during sinus rhythm.

Radiofrequency Catheter Ablation
Antiarrhythmic drugs were discontinued for at least 5 half-
lives before procedure, except the ß-blockers for rate control.
Electrophysiological study was performed under local anesthesia.
Spontaneous or induced CCW-AFL was recorded. Activation
mapping was performed by using a three-dimensional mapping
system [Carto system (Biosense-Webster, Diamond Bar, CA) or
EnSite NavX system (Abbott, Abbott Park, IL)] and cavotricuspid
isthmus-dependent CCW-AFL was confirmed with entrainment
mapping. Under the guidance of the three-dimensional mapping
system, an irrigated catheter was used to perform linear
ablation between the tricuspid annulus and the inferior vena
cava. Bidirectional block across the line was adopted as
ablation endpoint.

Follow-Up of Patients
No AADs were prescribed after the procedure. Patients were
regularly followed every 3 months with ECG and 24-h Holter
recordings within the first year. ECGs were obtained when
patients experienced any palpitation within the first year and
thereafter. CCW-AFL recurrence was defined as AFL longer than
30 s during follow-up after 3 months of blanking period. New-
onset AFwas defined as any episode of AF lasting over 30 s during
follow-up period.

Statistical Analysis
Data were expressed as mean ± SD for continuous variables
and as absolute frequency and percentage for categorical
variables. All the statistical analysis was done by using

the Statistical Package for the Social Sciences (SPSS)
version 20.0 (International Business Machines Corporation,
Armonk, NY) and the R software version 4.0.3 (The R
Foundation for Statistical Computing, Vienna, Austria).
The differences between groups were compared by using
the Student’s t-test or the chi-squared test. Two-sided p <

0.05 was considered as statistical significant. To identify
factors associated with new-onset AF post-AFL ablation, the
multivariate logistic regression was performed (forward LR
method). The DeLong’s test was used to compare C-statistic
between models and the net reclassification improvement
and integrated discrimination improvement were done to
compare reclassification.

RESULTS

Baseline Characteristics and Follow-Up
Results
We enrolled 158 patients (mean age 57.8 ± 14.3 years, 78.9%
males) in this study. Ablation endpoint was achieved in all the
patients. During a mean follow-up period of 26.9± 11.8 months,
six patients (3.8%) had AFL recurrence and need a second
ablation. Among all the patients, 22 patients (13.9%) developed
new-onset AF. Mean duration of AF seen on Holter was 213 ±

48 s, 19 patients had symptomatic AF and 17 patients needed
AADs or ablation for AF. All the patients were divided into two
groups according to new-onset AF. The baseline characteristics
were shown in Table 1 and no significant differences were
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TABLE 1 | Comparison of the parameters between patients with and without

atrial fibrillation.

Non-AF (n = 136) AF (n = 22) p-value

Age(y) 57.4 ± 14.8 59.9 ± 10.7 0.347

Male (%) 107 (78.7) 17 (77.3) 0.882

Comorbidities

Hypertension (%) 60 (44.1) 11 (50) 0.607

Diabetes mellitus (%) 39 (28.7) 7 (31.8) 0.763

Congestive heart failure (%) 21 (15.4) 3 (13.6) 1.000

Structural heart disease (%) 16 (11.8) 3 (13.6) 0.731

CHA2DS2-VASc 1.64 ± 1.17 1.64 ± 1.22 0.990

HAS-BLED 1.82 ± 0.75 1.95 ± 0.90 0.500

HATCH score 0.97 ± 1.01 0.95 ± 1.05 0.947

Echocardiographic parameters

LAD (mm) 39.0 ± 5.6 39.6 ± 5.9 0.631

LVEF (%) 61.6 ± 7.6 61.5 ± 7.9 0.974

Electrocardiographic parameters

PR interval (ms) 181.68 ± 39.59 184.38 ± 45.60 0.800

DFNII (ms) 82.30 ± 12.39 121.52 ± 22.63 <0.001

TCL(ms) 211.17 ± 23.05 215.68 ± 23.61 0.447

AFNII (mV) 0.16 ± 0.06 0.11 ± 0.05 <0.001

AFII (mV) 0.26 ± 0.08 0.26 ± 0.07 0.795

APNV1 (mV) 0.06 ± 0.05 0.06 ± 0.04 0.077

DPII (ms) 112.28 ± 6.89 125.18 ± 8.61 <0.001

DPNV1(ms) 31.25 ± 31.75 51.59 ± 42.06 <0.001

PtfV1(mm*ms) −3.33 ± 3.89 −4.54 ± 4.24 0.406

Values are presented as mean ± SD or n (%). AFL, atrial flutter; AFNII, amplitude of the

negative component of flutter wave in lead II; APNV1, amplitude of negative component of

the P wave in lead V1 during sinus rhythm; DFNII, duration of the negative component of

flutter wave in lead II; DPII, P wave duration in lead II during sinus rhythm; DPNV1, duration

of negative component of the P wave in lead V1 during sinus rhythm, LAD, left atrial

diameter; LVEF, left ventricular ejection fraction; PtfV1, P terminal force of V1.

found between the two groups regarding age, gender, LAD,
LVEF, the CHA2DS2-VASc score, PR interval, and the HATCH
score (Table 1).

Electrocardiogram Parameters
Compared to patients without new-onset AF, DFNII (114.7 ±

29.6ms vs. 82.7 ± 12.8ms, p < 0.0001), DPII (144.21 ± 23.77ms
vs. 111.46± 14.19ms, p < 0.0001), and DPNV1 (81.07± 16.87ms
vs. 59.86 ± 14.42ms, p < 0.0001) were significantly prolonged
in patients with new-onset AF. AFNII was significantly reduced
(0.118 ± 0.034mV vs. 0.168 ± 0.051mV, p < 0.0001) in patients
with new-onset AF. No significant difference was found between
two groups regarding APNV1 (0.086 ± 0.022mV vs. 0.103 ±

0.034mV, p = 0.077). DFNII, AFNII, DPNV1, DPII, the CHA2DS2-
VASc score, and LADwere adjusted in themultivariate regression
analysis and DFNII and DPII were independent predictors of new-
onset AF after CCW-AFL ablation (Table 2). The C-statistic for
DFNII, DPII, and DFNII + DPII and the differences of predictive
performances between each model were shown in Table 3. The
receiver operating curve for each model was shown in Figure 2.

DISCUSSION

The results of this study demonstrated that DFNII and DPII

were independent predictors of new-onset AF after CCW-
AFL ablation.

Relationship Between ECG Components
During CCW-AFL and Their Corresponding
Activation of the Atria
As shown in Figure 3, the relationship between ECG components
during SR and their corresponding activation of the atria
has been well-established. Recently, with the three-dimensional
electroanatomic mapping, such a match has drawn the attention
of clinical electrophysiologists. Using ultra-high density mapping
technique (Figure 3), the activation and propagation pattern
of both the atria during CCW-AFL could also be clearly
manifested. Cava-tricuspid isthmus conduction and the lower
septal activation are projected onto the slow downslope of the
flutter wave in the inferior leads, while the activation of the
upper septum and the whole left atrium was reflected as their
negative component. The terminal positive component of the
inferior leads during CCW-AFL represents the activation of
the right atrial free wall coming from the upper to lower.
Other previous studies had also demonstrated the similar
findings (16, 17).

Atrial Fibrosis and AF
Given the complex pathophysiological process, the etiology
of AF is not completely understood at present. Haissaguerre
found that the occurrence and maintenance of AF were
related to the triggering foci, which mainly originated from
pulmonary veins (23). Thereafter, pulmonary vein isolation
(PVI) has become the cornerstone for ablation of AF.
However, despite a variety of ablation tools and strategies
that were developed in the past few decades, the success
rate of persistent AF ablation was still far from satisfactory.
Current studies revealed that atrial fibrosis might promote
recurrence of AF post-ablation (24), which indicates that
atrial disease or cardiomyopathy plays an important role
in AF maintenance and progression. Atrial fibrosis could
lead to atrial structural and functional abnormality, behind
which underlies various diseases. Hence, the concept of “atrial
cardiomyopathy (ACM)” developed and the close relationship
between ACM and AF has become a common knowledge
(19, 25). The current predictors of AF mainly focused on
fibrotic, structural, and atrial electrical indicators including BNP
(brain natriuretic peptide), sST2 (soluble growth stimulator
gene 2 protein) (26), cardiac magnetic resonance, LAD, LVEF,
atrial volume, and others. However, all these indicators are
directly or indirectly atrial disease or atrial fibrosis related.
Therefore, searching for an easily acquired and more accessible
predictor suggesting that atrial disease is more important
and practical.

Electrocardiogram Indicators and AF
Since AF is closely associated with atrial fibrosis of the left
atrium, ECG indicators that could predict the occurrence of AF
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TABLE 2 | The univariate and multivariate Cox regression analysis for identifying predictors of new-onset atrial fibrillation.

Univariate analysis Multivariate analysis

OR 95% CI p-value OR 95% CI p-value

DFNII 1.248 1.133–1.375 <0.001 1.428 1.039–1.962 0.028

AFNII 0.001 0.00–0.001 <0.001 0.384 0.000–2.160 0.965

DPNV1 1.018 1.004–1.032 0.012 1.029 0.971–1.091 0.331

DPII 1.265 1.155–1.385 <0.001 1.429 1.046–1.953 0.025

CHA2DS2-VASc 0.998 0.678–1.469 0.990 0.753 0.099–5.713 0.784

LAD 1.022 0.940–1.112 0.610 1.080 0.745–1.566 0.685

AFNII, amplitude of the negative component of flutter wave in lead II; DFNII, duration of the negative component of flutter wave in lead II; DPII, P wave duration in lead II during sinus

rhythm; DFNII%, proportion of the DFNII of the total circle length of atrial flutter; DPNV1, duration of negative component of the P wave in lead V1 during sinus rhythm; LAD, left atrial

diameter; OR, odds ratio. Bold values represent statistical significance.

TABLE 3 | Differences of predictive performances of each model.

Model C statistic 95% CI Z-score p-value NRI Z-score P-value IDI Z-score p-value

DPII 0.868 0.777-0.979 – – – – – – – –

DFNII 0.982 0.964-1.000 1.998 0.046 0.136 1.261 0.207 0.122 1.073 0.283

DFNII+DPII 0.994 0.982-1.000 2.295 0.021 0.148 1.399 0.162 0.431 3.256 0.001

DFNII, duration of the negative component of flutter wave in lead II; DPII, P wave duration in lead II during sinus rhythm; IDI, integrated discrimination improvement; NRI, net

reclassification improvement.

FIGURE 2 | The receiver operating curve for each model. DFNII, duration of the

negative component of flutter wave in lead II; DPII, P wave duration in lead II

during sinus rhythm.

are usually related to the electrical activation of the left atrium.
Previous studies found that prolonged P wave duration (20, 27),
amplitude of P wave in lead II and V1 (28), and intra-atrial
conduction time (21) were closely related to the occurrence of
AF, which was consistent with the results of this study. During
typical AFL, the activation of left atrium comes from the bottom

of the left atrium going upward to the roof, which forms the
negative component of the F wave in the inferior leads as shown
in Figure 3. The prolonged duration of this component indicates
delayed activation of left atrium. Left atrial disease can manifest
with abnormalities in these two indicators and they can serve as
predictors of AF occurrence post-CCW-AFL ablation besides the
SR predictors.

This study presents evidence to show that ECG parameters
both during the SR and CCW-AFL have predictive value in
new-onset AF after CCW-AFL ablation. However, no significant
difference was found between AF and non-AF groups with
respect to left atrium diameter. The possible explanation
might be that patients enrolled in this study were without
documented AF, indicating a relatively early stage of left
atrial disease with “structurally normal” left atrium. However,
even an early stage of left atrial disease could result in
abnormal left atrial electrical activation, which could be reflected
on surface ECG. From this point of view, ECG indicators
might have advantages in predicting occurrence of AF in the
early stage of left atrial disease. Interestingly, we found that
independent predictive values were all time duration-related
indicators. However, parameters related to the amplitude had
no independent predictive value according to the results of this
study. We speculate that the structural remodeling of atrial
disease includes hypertrophy and dilation. Hypertrophy usually
manifests as an increased amplitude, whereas dilation usually
manifests as a decreased amplitude and prolonged activation.
Therefore, different types and stages of atrial disease might
result in different changes in amplitude, which may weaken the
predictive value of the amplitude. However, electrical activation
of left atrium would be prolonged regardless of the types and
stages of left atrial disease, resulting in a more important
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FIGURE 3 | The correlation between regional atrial activation and the components of flutter wave and P wave. (A) Flutter wave and isochronal activation mapping of

both the atria during AFL. Left atrium activation during typical counterclockwise AFL goes from inferior-septal wall to superior-lateral wall (white arrow). The negative

component of flutter wave in lead II corresponds to the activation of right atrial septum and left atrium, while the positive component of flutter wave indicates right atrial

free-wall activation. (B) P wave and isochronal activation mapping of both the atria during sinus rhythm. P wave in lead V1 is normally biphasic. The initial positive

force indicates right atrial activation, while left atrial activation from septum to free wall (white dashed arrow) contributes to the terminal negative force in lead V1. AFL,

atrial flutter; IVC, inferior vena cava; LAA, left atrial appendage; LAO, left anterior oblique; LIPV, left inferior pulmonary vein; LSPV, left superior pulmonary vein; MV,

mitral valve; PA, posterior-anterior; RAA, right atrial appendage; RIPV, right inferior pulmonary vein; RSPV, right superior pulmonary vein; SVC, superior vena cava; TV,

tricuspid valve.

role of duration-dependent parameters in AF prediction. In
addition, among those amplitude-dependent predictors, AFNII

had predictive value, whereas no significant differences were
found between the two groups with respect to APNV1 according
to this study. The possible reasons are as follows: (1) small
sample size; (2) the amplitude of the negative component
in lead V1 was sometimes too small, leading to deviated
measurement; and (3) when projecting on the surface ECG,
activation during different rhythm has different blinding areas.
Thus, the predictors during SR can be supplemented by
AFL predictors.

Clinical Implications
Combined ECG indicators during both the CCW-AFL
and SR are the direct and easily accessible parameters for
predicting newly developed AF post-AFL ablation. With
this, those patients who are at high risk of AF occurrence
could receive both the AFL ablation and PVI in the same
procedure to avoid a second AF ablation or need to
have a close follow-up to receive early AF management.
Developing a scoring system to stratify the patients with
CCW-AFL and to further verify its predictive value is
very necessary.
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Study Limitations
First, this was a single-center study with a relatively small
sample size. The predictive value of the ECG predictors
needs to have further large-scale prospective studies. A
predictive scoring system can be established and the positive
predictive value can be verified. Second, despite regular follow-
up, asymptomatic paroxysmal episodes of AF were difficult
to exclude, leading to underestimation of the incidence of
new-onset AF. As long-term event monitors such as a
30-day event monitors/Holter were unavailable, subclinical
preexisting AF was difficult to exclude. Third, the incorporation
of other clinical characteristics such as BNP and fibrosis
assessment could make the scoring system more accurate.
Fourth, as some ECGs collected a period before enrolment was
measured, it was difficult to exclude the potential influence
of AADs on ECG parameters under recall bias. Last but not
least, MRI imaging, atrial refractory periods, and left atrial
electroanatomical mapping were not performed to better verify
the underlying mechanisms.

CONCLUSION

Parameters representing left atrial activation time under both the
SR and AFL were independently associated with new-onset AF
post-typical AFL ablation and may be useful in risk prediction,
which needs to be confirmed by further prospective studies.
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