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ldentification of pacing spikes on either standard
electrocardiography (ECG) or ambulatory ECG monitoring
may be challenging.” Pacing spike detection is significantly
complicated if bipolar pacing is used. In addition, atrial
pacing spikes are less obvious than ventricular ones. Pacing
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spikes are often undetectable on the ECG, and the absence
of visible pacing on the ECG does not rule out a paced
rhythm.” Detection of pacing spikes may provide valuable
information and may be essential for correct diagnosis.

Filter correction seems to be a potential feature for
better visualization of the atrial pacing spikes. We hypoth-
esized that a low-pass filter and smoothing might make
the pacing spikes less obvious. To test this, we analyzed
three recordings of 12-lead ambulatory ECG monitoring and
one recording of 3-channel ambulatory ECG monitoring
in patients with atrial pacing. Atrial pacing was provided
by either a single-chamber pacemaker or a dual-chamber
pacemaker. Fragments of ambulatory ECG monitoring with
atrial pacing were compared with and without applying a
low-pass filter of 50 Hz and smoothing.

Figures 1-3 show better visualization of atrial pacing
spikes on ambulatory ECG monitoring fragments with a
disabled low-pass filter of 50 Hz and smoothing. Figure 4
shows atrial undersensing, which is better seen when the
low-pass filter of 50 Hz and smoothing is disabled.

So, the ECG filter and smoothing may affect the detec-
tion of atrial pacing spikes. These findings correspond to
the data obtained by Garcia-Niebla and Serra-Autonell, who
demonstrated that the low-pass filter attenuates ventricular
pacing spikes, which are important from a clinical point
of view; they showed that a 150-Hz filter is better for the
detection of the pacing spike than a 40-Hz filter? Also,
Sun et al concluded that a low-pass filter of 300 Hz cut-off
improved the detection of pacemaker spikes compared
to 40 Hz, 100 Hz, 150 Hz, and 200 Hz? Thus, an increase
in filter frequency leads to a better visualization of the
pacing spikes. In contrast to these studies, we completely
disabled the low-pass filter and smoothing which resulted in
significantly better visualization of the atrial pacing spikes.
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Figure 1. Comparison between enabled (left) and disabled (right) filter of 50 Hz and smoothing in a patient with an implanted single-lead atrial
(AAI) pacemaker. Note: Atrial pacing spikes are more obvious (especially in leads II, Ill, and aVF) when the filter of 50 Hz and smoothing are disabled.
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Figure 2. Comparison between enabled (left) and disabled (right) filter of 50 Hz and smoothing in a patient with an implanted dual-chamber (DDD)
pacemaker. Note: Atrial and ventricular pacing spikes precede each P wave and QRS complex, respectively. Atrial pacing spikes are more prominent
(especially in leads |1, I, aVR, aVF, V1, and V2) when the filter of 50 Hz and smoothing are disabled.

Thus, disabling low-pass filter and smoothing on am-
bulatory ECG monitoring software may be considered in
patients with implanted pacemakers with presumed atrial

pacing to improve visualization of atrial pacing spikes. This
may be particularly important when pacemaker trouble-
shooting is suspected.
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Figure 3. Comparison between enabled (left) and disabled (right) filter of 50 Hz and smoothing in a patient with an implanted dual-chamber (DDD)
pacemaker. Note: Atrial pacing occurs only after blocked premature atrial contractions. Each QRS complex is paced. Atrial pacing spikes are more
obvious (especially in leads Ill, aVL, aVF, V1, and V2) when a filter of 50 Hz and smoothing are disabled.
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Figure 4. Comparison between enabled (top) and disabled (bottom) filter of 50 Hz and smoothing in a patient with an implanted single-lead
atrial (AAl) pacemaker. Note: Atrial pacing spikes are better apparent in channels 2 and 3. The bottom strip facilitates the identification of atrial
undersensing (some atrial pacing spikes are registered after P waves and even QRS complex). Atrial undersensing causes blocked premature atrial
contraction (arrowed).
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H avayvwplon tTwv aixpwv Bnpatodoétnong otnv mepl-
TTATNTIKA TTapakoAoUONnon Tou NAeKTpokapSloypaPripa-
T0G (HKT) evdéxetal va gival HEPIKEG OPEG SUOKOAN, AAAA
urmopsi va gival amapaitntn yia tn cwotn didyvwon. MNa-
pouocialovtal Turjpata mepmatnTikov HKI mapakoAou-
Onong mou Kataypd@nkav o€ 4 S1aPopeTIKOUG aoOevVEic,
HE Kal Xwpig @iAtpo xapnAng diéhevong 50 Hz kat e§opd-
Auvon. Ot aixuéG TNG KOATTIKAG Bnpatoddtnong eivat mAé-
OV EUPAVEIG O€ THAMATA TIEPITATNTIKAG TTapakoAouBnong
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HKT pe amevepyomolnuévo @iAtpo xapnAng SiEAeuong Kat
e€opAAUVON O€ CUYKPLON UE EVEPYOTIOINMEVO XAUNAOTEPO
@iAtpo kal e€opdAuvon. ETol, n anmevepyomoinon Tou @il-
Tpou Kal N e§opdAuvon O0To AOYIOUIKO TTapakoAouOnong
nepimatnTikoV HKI pmopei va An@Bouv um’ 6Yiv og aocBe-
VEIG ME EPPUTEVPEVOUG BNUATOSOTEG UE KOATTIK Bnuato-
86TNoN ya Tn BeATiwon TNG ATTEIKOVIONG TWV ALXUWV TNG
KOATTIKAG Bnuatoddtnong. Autd gaivetal va givat idiaite-
PA ONMAVTIKO OTAV UTTAPXEL UTTOYIA AVTIUETWTIIONG TIPO-
BANuaTwyv Bnuatodotn.

Né&erg evpeTnpiou: Aixuég, Amelkovion, Bnuatodotng, HKI, Ma-
pakoAovBnon
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