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subtraction system to extract APCs from standard 3-lead
ambulatory Holter monitors. We then compared the
morphology of triggering and non-triggering APCs..

Abstract
Atrial fibrillation may be cured by eliminating
triggering atrial premature contractions (APCs.)
Characterizing these APCs may help localize triggers,
however this is difficult when the APC is obscured by the
preceding T-wave. Therefore we sought to develop an
inexpensive method to extract APCs from ambulatory
Holter monitors in AF patients.
We examined 24-hour Holter strips from patients
with AF triggered by APCs. Triggering and nontriggering APCs were extracted using a PC-based T-wave
subtraction algorithm.
The extracted APCs were
compared visually as well as by correlation software.
:The software accurately identified 29 episodes of
atrial fibrillation and extracted 76 APCs in 12 patients.
In all cases, visual inspection confirmed the presence of
atrial fibrillation of APCs. Triggering APCs were similar
to other triggering APCs in each patient while nontriggering APCs were less similar to other non-triggering
APCs in each patient. Triggering APCs were different
from non-triggering APCs.
Automated computerized subtraction of T-waves
using an inexpensive PC-based system may permit
characterization of APCs during ambulatory monitoring.

1.

2.

We included patients who had at least 2 episodes of
PAF during a 24-hour 3-lead ambulatory Holter
monitoring (Rozinn, Glendeale, NY.) Patients who were
continuously in atrial fibrillation were excluded.
The Holter recordings were converted to a 16-bit
binary format for analysis on a PC (IBM ThinkPad T30,
Armonk NY) with a Pentium chip running at 1.8GHz,
512MB and a 40GB harddrive. Next a QRS identification
process
adapted
from
Physionet
(http://www.physionet.org/physiotools/ecgpuwave) was
used. This method has been previously described [2].
Briefly, the strip was sequentially passed through a low
and high-pass filters. Next the first derivative of the
result was taken and then this derivative was squared and
window interloped. This technique identifies QRS
complexes with over 95% sensitivity and specificity
(figure 1.)
After QRS identification, the R-to-R intervals were
calculated. Intervals with beat-to-beat variability of
greater than 15 percent were labeled atrial fibrillation.
This diagnosis was confirmed by visual inspection.
All QRST complexes within 30 minutes of an episode
of atrial fibrillation were subtracted from the average of
the five previous QRST complexes. If subtraction left a
signal greater than 1.5mV in height and 60ms in length it
was marked as a possible APC. It was then confirmed
visually. APCs less than 10 seconds prior to PAF were
labeled a “triggering APCs” while others were called
“non-triggering APCs.” This technique was repeated for
each lead (figure 2).
Each APC was compared visually and by correlation
software to other triggering APCs and non-triggering
APCs in the same individual
APCs were visually compared by three investigators
who were blinded to the patients’ clinical data as well as

Introduction

Paroxysmal atrial fibrillation (PAF) maybe initiated by
atrial premature contractions (APCs)[1]. Radiofrequency
ablation of the source of the triggering APC has cured
PAF in some patients. Since an APC’s morphology and
timing help localize its source, a non-invasive technique
to determine the morphology of APCs may be valuable in
ablative therapies for PAF [3-6]. However, many APCs
have a short coupling interval and may be obscured by
the previous QRST complex.
Thus, we sought to build an inexpensive T-wave
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Figure 1: QRS complexes marked (dots) and periods with irregular intervals are marked as PAF (open dots)
Note an APC that starts PAF. This APC is revealed by T-wave subtraction in Figure 2.
correlation coefficient of 0.11.
Seven patients had a single triggering APC
morphology that differed from all their non-triggering
APCs. Three patients had 2 different triggering APCs
that both differed from the non-triggering APCs. One
patient had only one type of APC and one had multiple
types of APCs none which matched each other.
The PMI of triggering APCs was not different from
the PMI of non-triggering APCs (0.81 vs 0.75, p=ns)
The total system cost was $3211 when purchased
new22 of the 81 triggering APCs matched at least one of
the patient’s non-triggering APCs (0.28 correlation while
software correlation calculated a mean correlation
coefficient of 0.11.
Seven patients had a single triggering APC

to its triggering or non-triggering status.
Correlation waveform analysis was performed using
Matlab (version 5.1 Natick, MA) software yielding a
correlation coefficient.
Each lead was compared independently. To
characterize the timing of triggering and non-triggering
APCs, the prematurity index (PMI) of each APC was
calculated. The PMI of is equal to the time from the last
normal sinus P wave to the start of the APC divided by
the underlying sinus cycle length. The PMI of each APC
was compared to other PMIs in a given patient..

3.

Results

Twelve patients were included (4 women, mean age
55+/-11 years.) Analysis took 702±11 seconds per lead
for 24-hours of data. The software identified 29 episodes
of PAF all preceded by triggering APCs. All episodes
were confirmed visually. The mean cycle length of these
episodes was 500±72ms and the mean duration was
48±12 minutes.
Software identified a total of 76 APCs (29 triggering,
47 non-triggering.) in all 3 leads. Since each APC had 3
leads (V1, V5, III) there were 228 APC waveforms to
compare (87 triggering, 141 non-triggering.) All APCs
were confirmed by visual inspection.
Visual comparison showed 81 of the 87 triggering
APC comparisons were matched (0.93 correlation.) while
software correlation calculated a mean correlation
coefficient of 0.80. Visual comparison showed 99 of the
141 non-triggering APC comparisons were matched (0.72
correlation.) while software correlation calculated a mean
correlation coefficient of 0.64.
When comparing
triggering to non-triggering APCs, visual comparison
showed that 22 of the 81 triggering APCs matched at
least one of the patient’s non-triggering APCs (0.28
correlation while software correlation calculated a mean

Figure 2: Each QRST complex (solid line) is
subtracted from the average of the previous
five QRST complexes (dotted line) in a search
for APCs.
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morphology that differed from all their non-triggering
APCs. Three patients had 2 different triggering APCs
that both differed from the non-triggering APCs. One
patient had only one type of APC and one had multiple
types of APCs none which matched each other.
The PMI of triggering APCs was not different from
the PMI of non-triggering APCs (0.81 vs 0.75, p=ns)
The total system cost was $3211 when purchased new.

4.
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Discussion and conclusions

Our study introduces an inexpensive, PC-based system
that can identify and extract APCs from ambulatory
Holter data in patients with PAF.
Previous investigators have shown that the
morphology of an APC correlates with its site of origin.
In 1910, Sir Thomas Lewis showed that pacing different
parts of the canine atrium resulted in distinct P wave
morphologies [7]. Later studies have shown that certain
P wave morphologies suggest particular sites of origin [814]. SippensGroenewegen et al went further by creating
an atlas of P wave integral maps to localize the site of
origin of right atrial arrhythmias[15]. More recently,
Choi et al showed that the APC morphology correlated
with its location on invasive testing.
These results
confirm that APC morphology predicts APC location[16].
Timing of the P wave has also shown to be important.
In reference to PAF ablation, Haissaguerre et al showed
that P on T extrasystole is highly predicative of a
pulmonary vein focus [3].
Previous investigators have used T-wave subtraction to
reveal APCs buried in the repolarization sequence.
However, manual techniques can be time consuming and
inexact, while specialized, commercially developed
systems can be prohibitively expensive.
By using a PCs and commercial software, we were
able to create an inexpensive digital method for
identifying PAF, extracting APCs, and classifying the
APCs as triggering or non-triggering. All episodes of
PAF and the extracted APCs were confirmed by visual
inspection.
Furthermore using this system, we have shown that in
most patients each triggering APC is similar to other
triggering APC but different from non-triggering APCs.
This is in agreement with our visual inspection and
suggests that triggering APCs arise from a single focus
that could be a target for ablation or isolation.
We have developed an inexpensive, tool to extract and
characterize triggering APCs and differentiate them from
non-triggering APCs. This tool may aide in selecting
PAF patients would benefit from ablation and guide
ablation.
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