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Abstract
Background
Patients with permanent pacemakers should be followed
up regularly and parameters recorded during the follow-up
visits might have potential for further diagnostic studies.
Material and methods
A pilot cross-sectional study on 127 consecutive patients
who underwent pacemaker follow-up was performed.
Results
The study revealed that patients with older ventricular
leads (more than 10 years) have higher lead impedance in

comparison with patients with newer ventricular leads (less
than 10 years) – 512 Ω vs 461 Ω (median values), with no
differences in pacing thresholds, percentage of ventricular
pacing, presence of ventricular high rate episodes or status
of absolute pacemaker dependency.
Conclusions
This study demonstrates that parameters obtained from a
regular pacemaker check-up differ according to variables such
as lead age, which opens a new field for studies investigating
other variables (e.g. disease biomarkers) in correlation with
parameters from the pacemaker check-up.
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Introduction
The principal indications for pacemaker implantation are
sick sinus syndrome and advanced atrioventricular block, as
has been pointed out in the European Society of Cardiology
Guidelines (2013) [1]. According to the 11th world survey of
cardiac pacing, in 2009 alone there were 737 840 new implantations and 264 824 replacements of pacemakers in 61 countries
(including the USA) [2]. After the implantation patients should
be followed up regularly and pacemakers must be checked at
least once a year [3]. During the check-up visit the following
parameters are evaluated – battery longevity, pacing thresholds, P and R-wave sensing, lead impedance values, percentage
of paced/sensed beats, status of pacemaker dependency and
arrythmia episodes (atrial – AHRE and ventricular – VHR).
Regular follow-up allows for arrangement of elective device
replacement according to the elective replacement indicator
and quick detection of pacemaker malfunction. Moreover,
arrythmia detection enables therapy adjustments if necessary.
New algorithms in ICD/CRT-D patients such as CoreVue and
Optivol are valuable tools for early detection of heart failure
exacerbation, which gives an opportunity for pharmacotherapy modification and avoidance of urgent hospitalization [4, 5].
However, it is unknown how pacemaker control can be useful
in the detection of diseases other than arrythmias. Prior to the
investigation of this issue it is necessary to study the differences
between parameters checked during follow-up pacemaker
control. Because pacing leads are a “weak point” of permanent pacing therapy and older leads are more susceptible to
abrasions, we examined differences between patients with
older (> 10 years) and newer (< 10 years) ventricular leads in
our pilot cross-sectional study [6, 7].
Materials and methods
Study population
In our pilot cross-sectional study on the data from one
month we enrolled 127 consecutive patients with an active ventricular lead (both single-chamber and dual-chamber pacing in
VVI, VDD or DDD mode) checked during the follow-up visits
in the Center of Control and Telemonitoring of Implantable
Cardiac Devices of the 1st Department of Cardiology, Medical
University of Warsaw.
Patients with only atrial or epicardial leads were excluded
as well as patients who required urgent hospitalization and
patients with suspected ventricular lead damage.
Pacemaker check-up procedures
All patients had their pacemaker checked according to
the manufacturers’ guidelines, on certified testing devices
provided by Biotronik, Medtronic and St. Jude Medical (Abbot
Vascular). The following data were recorded: current lead
impedance (bipolar configuration), current pacing threshold,
percentage of ventricular pacing, pacemaker dependency
and presence of ventricular high rate episodes (VHR). Pacing
thresholds were assessed manually – the minimal amplitude
capable of evoking the effective pacing was considered as the
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value of the pacing threshold. The information about pacemaker dependency was collected from the previous patient
visit. In case of doubt the tests for pacemaker dependency
with back-up ventricular pacing of 30/min were conducted.
Data collection and statistical analysis
Statistical analysis (Shapiro-Wilk normality test,
Mann-Whitney U-test, chi-square test) was performed using
STATISTICA 13 (StatSoft Inc.)
Results
Baseline characteristics
Patients were divided according to the lead age – older
leads (O), more than 10 years since the implantation and newer
leads (N), less than 10 years since the implantation. There were
69 subjects with older leads (54.3%) and 58 (45.7%) with newer
leads. Patients with newer leads were younger. Ventricular
leads older than 10 years were mainly from Biotronik, whereas
leads younger than 10 years were mainly from Medtronic. The
differences in baseline characteristics of patients from the two
groups are presented in Table 1.

Women, n (%)

Newer lead (N)

Older lead (O)

P significance#

36 (62.1%)

33 (47.8%)

0.1 (NS)

Age*

85 [74-88]

79 [69-87]

0.03#

Medtronic
ventricular
lead, n (%)

33 (56.9%)

20 (29%)

0.0015#

Biotronik
ventricular
lead, n (%)

17 (29.3%)

43 (62.3%)

0.002#

St. Jude
Medical
ventricular
lead, n (%)

8 (13.8%)

6 (8.7%)

0.36 (NS)

Pacing threshold, percentage of ventricular pacing and lead
impendence comparison
It was found that subjects with older leads (O) had significantly higher lead impedance compared to subjects with
newer leads (median values 512 Ω vs 46 1Ω, p = 0.03).
No significant differences in the percentage of ventricular
pacing and current ventricular lead threshold were found
(Figure 1).
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Ventricular high rate episodes and pacemaker dependence
comparison
The study revealed no significant difference in VHR between patients with older and newer leads. Also, the percentage of absolute pacemaker dependence (i.e. no patient’s
own heart rhythm when back-up stimulation VVI 30/min is
applied) did not differ between the groups (Table 2).
Newer lead (N)

Older lead (O)

P significance#

Number of
patients with
VHR, n (%)

10 (17.2%)

17 (23.2%)

0.4 (NS)

Number of
patients with
absolute
pacemaker
dependence*,
n (%)

20 (34.5%)

24 (34.8%)

0.97 (NS)

prominent increase or decrease in lead impedance might
indicate lead damage or malfunction [9]. Nevertheless, there
were some studies that aimed to correlate such parameters as
the aforementioned lead impedance or pacing threshold with
cardiovascular diseases. For instance, Stambler and colleagues
found a correlation between ventricular lead impedance decrease and both left ventricle ejection fraction (LVEF) decrease
and heart failure symptoms exacerbation (according to the
New York Heart Association class) [10]. This relation however
was only observed when the ventricular lead was placed in
the right ventricle (RV) apex, not in the RV outflow tract.
Another study performed on 130 patients with a pacemaker
or implantable cardioverter-defibrillator (ICD) revealed no
associations between pacing parameters (lead impedance and
pacing threshold) and distribution of LVEF or coronary artery
disease, although the mean lead impedance was lower and
mean pacing threshold was higher in the ICD patients than
in pacemaker patients [11]. Pacing parameters might also be
modified by proliferative scarring within the myocardium – the
study by Vurgun et al. showed that patients with proliferative
scars in the right ventricle had a significantly higher pacing
threshold compared with the control group matched by sex,
age and lead type [12].
Our pilot cross-sectional study showed that the parameters
obtained from a regular pacemaker check-up differ according to variables such as lead age. This finding opens a new
area of research on hypothetical correlations between certain
biomarkers of different diseases and pacemaker parameters.
Moreover, the study on certain types of leads might bring
more information about their long-term features, especially in
reference to some clinical conditions. However, our study has
many limitations – a small sample size, lack of differentiation
according to lead types, series and position on X-ray. Therefore
it should be considered only as a pilot study, which opens a
new field for further investigations.
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