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Abstract
Introduction: During recent years, several recommendations and guidelines regarding cardiac pacing have been published 
in the literature. However, only a few studies have examined the implementation of these guidelines in clinical practice. The 
current study aimed to record and evaluate the effects of the mainstream studies, and the experience gathered by all patients 
who have been followed-up at the pacemaker Unit of Veroia Hospital, which is a secondary care center.
Methods and results: Epidemiological, clinical, and electrocardiographic data were collected and studied for patients 
with a permanent pacemaker that have been followed-up in our hospital from 2002 to 2017. The total number of pa-
tients of the study was 3,902 (2,164 men; 55.45 %) with a mean age of 73.4 ± 12.6 years. Third degree atrioventricular 
(AV) block was the most common cause of pacing. Dysfunction of the sinus node involved the majority of cases with 
bradycardia-tachycardia syndrome. At 18 patients, the cause of permanent pacemaker implantation was carotid sinus 
syndrome and at 13 of them, cardio-vascular type of neurocardiogenic syncope. Dizziness and syncope were the most 
common symptoms. Dual-chamber pacing was the most common type of pacing, which has been increasing in recent 
years. In follow-up visits, the most frequent examinations concerned battery condition, as the stimulation and sensing 
threshold. Reprogramming of the device was required in 1,434 patients (36.75 %), especially during the first year after 
implantation.
Conclusion: Pacing indications have been unchanged during all the years of the study and have been based on confirmed 
bradycardia and major symptoms. Reprogramming of the device was needed in an increased number of patients.
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Introduction
Heart rhythm disorders exist in symptomatic or as-

ymptomatic patients, as a result of alterations in the pro-
duction and transmission of an electrical stimulus to the 
myocardium and involve a variety of clinical scenarios 
that are treated every day at all levels of the healthcare 
system. Some of them do not necessitate special treat-
ment; others require antiarrhythmic drugs, while a sig-
nificant percentage of them require interventions with 
invasive methods or implantation of devices that are per-
formed in centers equipped with a hemodynamic labo-
ratory. Pacemaker (PM) implantation, combined with its 
reprogramming capabilities, is a widespread possibility 
of intervening in situations where life-threatening brady-
cardia or cardiac arrests are recorded1,2. Although several 
guidelines have been published in recent years on the 
indications of implantation of PMs3, only a few studies 
have been conducted to record the implementation of 
these guidelines in clinical practice4.

Since 2002, a Pacemaker Unit (PU) operates at the 
General Hospital of Veroia, in which patients from the 
prefecture of Hemathia who have a permanent PM are 

being followed-up. We aimed to evaluate the impact of 
international recommendations and mainstream studies 
on pacing, and also the recorded experience, on all pa-
tients who had been examined to the PU, over the years 
from 2002 to 2017.

Methods
We studied 3,902 patients; 2,164 men and 1,738 

women with average age 73.4 years, who have been im-
planted a PM and visited the PU of our hospital for a 
check-up. The follow-up visit was an outpatient visit to 
the PU, where a cardiologist and an allied professional, 
if needed, advised the patient, after a predefined clini-
cal examination. Initially, it concerned the examination 
of the pacing threshold stabilization and other settings. 
Visits were performed on a regular basis, usually every 
six months, and if there was a specific reason for addi-
tional monitoring (e.g., close to the battery replacement 
time) in any different period. If the patient reported any 
suspicious symptom, which could be related to the func-
tion of the device, then examinations were performed on 
an emergency basis. Most pacing programming devices, 
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which measure pacing parameters, are available in the 
Unit, and in cases where such a device was not available, 
the PM was initially tested with the magnet and then by 
the technician of the company who owns the program. At 
the time of follow-up, all collected data were entered into 
an electronic database for future processing. The PU is 
staffed with two trained and experienced cardiologists, a 
trained nurse, and the residents who are trained in pacing 
and follow-up of these patients.

Epidemiological, clinical, and electrocardiographic 
data of patients with a PM who visited the PU were col-
lected; the interventions that were made and the occur-
rence of complications related to the implantation of the 
device were studied.

Measurements during follow-up visits
During most follow-up visits, all routine measure-

ments were examined, including battery status (with 
programmer or/and magnet test), stimulation threshold, 
sensing threshold, lead impedance, stimulation, and sens-
ing of PM. In particular, the condition and adequacy of 
the device’s battery were checked to ensure battery re-
placement time before it was exhausted. The sensing and 
stimulation thresholds were controlled and changed in 
those cases where there were not producing the desired 
effect. At the same time, lead impedance was tested for 
possible complications (e.g., suspected fracture or dis-
placement).

Data are analyzed descriptively. Continuous data are 
expressed as means and standard deviation and categori-
cal parameters as percentages. The study was approved 
by the Scientific Committee of the General Hospital of 
Veroia, Hemathia (No 29/2017), and all patients signed 
informed consent.

Results
A total of 3,902 patients were cumulatively examined 

at the PU, either at scheduled follow-up visits or in case 
of emergency. Figure 1 shows the distribution of these 
visits per year. The majority of these 3,902 patients ex-
amined over the 16-year period, were men (2,164; 55.45 
% vs 1,738 women; 44.55 %). The mean age of the pa-
tients was 73.4 years. 

Causes of pacing
Figure 2 shows the primary indication for implan-

tation of the PM device. The most common indication 
for PM implantation was conduction disturbances in the 
atrioventricular (AV) node, type II 2nd degree AV block - 
Mobitz II or 3rd degree AV block (complete heart block), 
concerning about 41.8 % of the cases (894 patients). Si-
nus node disease (including bradycardia-tachycardia syn-
drome) was the next in frequency concerning about 37.8 
% of the cases (809 patients). Less often, the implantation 
of the PM was due to atrial fibrillation with slow ven-
tricular conduction (15.5 %; 332 subjects), severe heart 
failure (4.58 %; 98 subjects) or cardiovascular type of 
neurocardiogenic syncope (0.61 %; 13 subjects). Most 

Figure 1: Follow-up visits per year to the pacemaker Unit of the 
General Hospital of Veroia during the period from 2002 to 2017.

Figure 2: Causes of initial pacemaker implantation for the 
cohort of patients been followed-up in the pacemaker Unit 
of the General Hospital of Veroia.

patients were improved immediately after the implanta-
tion of the PM.

Choice of pacing mode
The pacing mode of the device was also recorded 

(Figure 3). About two-thirds of them concerned a dual-
chamber AV pacing system, type DDD(R), in 65.2 % of 
the cases (1,410 subjects). The remaining one-third of 
the PMs were single-chamber ventricular pacing type 
VVI(R) in 22 % of the cases (472 subjects) and VDD 
type, in 11.91 % of the cases (235 subjects). Finally, there 
were two brothers from Sweden who had an AAI type 
been implanted in the early 2000s in their country.

During these years that the PU operates, only 26 pa-
tients (0.66 %) experienced problems related to a mal-
function of the device leads and were referred to the cor-
responding centers for correction of the problem. Finally, 
in all patients sensing and pacing mode were recorded at 
an electrocardiogram after all the other parameters had 
been checked. 

Changes in pacemaker settings - Reprogramming
In 1,434 patients (36.75 %), their PMs had to be 

reprogrammed (changes in PM’s settings), using the 
devices available at the PU (Table 1). In those patients 
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that we had to intervene by reprogramming their device, 
most cases involved changes in the stimulation threshold 
of either right ventricle (16.87 %) or atrium (14.05 %). 
Often, we also had to reprogram the sensing threshold 
of the PM, both ventricular (13.11 %) and atrial (12.34 
%). In 183 cases, there was a need to change the mode of 
pacing, e.g., from DDD to VVI, when permanent atrial 
fibrillation was established (12.76 %). Finally, in fewer 
cases, changes were made to the sensor, at the time of the 
AV delay and the pulse duration. The majority of cases, 
where the device had to be reprogrammed were within 
the first year of implantation1,2, while less frequently re-
programming was due to symptomatic attendance of the 
patient at the Unit3.

Discussion
Since 2002 that PU operates at the General Hospital 

of Veroia hundreds of patients with a permanent PM from 
the broader administrative region of Western Macedonia 
have been followed-up. Most PMs have been implanted 
in tertiary hospitals of the city of Thessaloniki. The Unit 
has been operating during these years for patients with 
PMs, based on the international rules and guidelines4. In 
every visit, the optimal functionality and longevity of the 
device, as well as the problems and complications of the 
patients with PM devices, were evaluated. Subsequent 
follow-up visits are planned, and the patients and their 
families are trained and supported on issues related to the 
PM5. Moreover, detailed medical data are meticulously 

recorded in the archive of the Unit for future assessment.
The findings of the study are in complete agreement 

with other recent studies. Proclemer et al6, in a large Ital-
ian study, studied patients with a permanent PM from 
2003 to 2007, who were examined in several centers in 
the country. The data and the corresponding indications 
of these patients resembled those of our study. The mean 
age of the subjects was 77.3 years, and the leading causes 
of implantation were AV conduction disorders (44.2 %), 
followed by sick sinus syndrome (26.3 %), and atrial fi-
brillation with slow ventricular conduction (18.1 %). The 
most common type of PM was DDD(R) (53.3 %), fol-
lowed by VVI(R) (33.6 %), and single-chamber VDD(R) 
and type AAI(R), at 11 % and 0.3 %, respectively.

Udo et al1, in a Dutch study, studied patients with a 
PM from 2003 to 2010, with regard to the follow-up and 
the need for reprogramming of their devices. Epidemi-
ological data, indications, and type of pacing, even the 
need for visits to alter device settings (about 25 %), were 
also proportional to those of our recording. The mean age 
of the patients was 74 years (men: 55.4 %), the AV blocks 
were the leading cause of implantation (39.8 %), fol-
lowed by sick sinus syndrome (37.5 %) and atrial fibril-
lation with slow conduction (17.8 %). The most common 
type of pacing was the dual-chamber type. In follow-up 
visits, the need for changes at stimulation and sensing 
threshold and PM’s mode were also the most frequent.

Similarly, van Eck et al7, in a similar publication in 
2008 regarding patients with permanent PM showed 
comparable results: mean age of 73.8 years, 57 % men, 
40 % AV blocks,  35 % sick sinus syndrome, 17 % atrial 
fibrillation with slow conduction, 68 % DDD type and 24 
% VVI, while the parameters that were reprogrammed 
by physicians or technicians were the same. Also, Tuppin 
et al8 recorded similar results in 2011 in France: 75.4 % 
dual-chamber PMs, 21.5 % single-chamber, the mean age 
of implantation at 77 years, with men also slightly domi-
nating over women in frequency (55 %).

In United States of America, Greenspon et al9 in a 
retrospective study of PM implants from 1993 to 2009, 
found that over the years the use of dual-chamber (DDD) 
PMs increased from 62 % to 82 %, while single-chamber 
PMs (VVI) reduced from 36 % to 14 % (we started to treat 
“younger” patients). As a result, patients lived longer, but 
with new co-morbidities, and this had an impact on their 
quality of life so as on the health system in general. AAI 
type PMs were also reported in a very small percentage 
of patients (0.5 %), while the cardiac resynchronization 
therapy PMs (CRT-P) were reported at 1.9 %. Similar re-
ports were also published in Turkey by Bayata et al in 
201010 and in Israel by Antonelli et al in 201511.

Finally, an earlier Greek recording by Styliadis et al 
in 200812, revealed as the leading cause of PM implanta-
tion (45.7 %) the AV conduction abnormalities, followed 
by sinus node disease (32.8 %) and atrial fibrillation with 
slow ventricular conduction (12.1 %). There was a down-
ward trend in VVI PM implantation rates and a corre-
sponding rise of DDD(R) mode.

Figure 3: Pacing type of the examined devices in the pace-
maker Unit of the General Hospital of Veroia.

Table 1: Frequency of changes in the pacemaker settings at 
follow-up visits. 

Changes in PM settings n (%)
Stimulation threshold - Right ventricle 242 (16.87)
Stimulation threshold - Atrial 208 (14.05)
Sensing threshold - Right ventricle 188 (13.11)
Sensing threshold - Atrial 177 (12.34)
Mode change 183 (12.76)
Sensor turned ON 67 (4.67)
Sensor turned OFF 61 (4.25)
Maximum sensor rate 84 (5.86)
A-V Delay 102 (7.11)
Pulse duration 68 (4.74)
Mode switch (on-Off) 54 (3.76)
Overall 1,434

PM: pacemaker, n: number.
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In all these records as well as in ours, long-term and 
cross-sectional stability of the measurements was ob-
served, concerning the patients and the reprogrammed 
parameters13. Τhe correct setting and operation of the PM 
system, beyond the unquestionable utility for the patient, 
also helps to extend the life expectancy of the device14,15.

The detection of atrial fibrillation through the de-
vices, led to pharmaceutical adaptation for the patients, 
especially when anticoagulants were needed. This was 
also the most common reason for reprogramming the de-
vice, especially for changing the mode of pacing in pa-
tients with a dual-chamber system, from the DDD type to 
the VVI type. The finding in our Unit that the DDD(R) 
pacing pattern receded with the age of patients was con-
sistent with the recorded experience in the international 
medical literature. Especially for patients over 80 years 
old, pacing type (single- or dual-chamber) did not appear 
to play an important role in their survival, in contrast to 
sex, the presence of congestive heart failure, coronary ar-
tery disease, and diabetes mellitus16. However, a recent 
study found that at these patients, DDD-mode of pacing 
is probably associated with decreased mortality and that 
advanced age by its own should not be an exclusion crite-
rion for dual-chamber pacing17.

Ventricular pacing increases the likelihood of occur-
rence of symptoms of heart failure and atrial fibrillation 
over time18. Especially for patients with sick sinus syn-
drome, it was found that AAIR atrial pacing is associated 
with a significantly lower incidence of atrial fibrillation19, 
and we can achieve the same result by minimizing DDD 
pacing in patients with a dual-chamber pacing system20. 
While it is self-evident that pacing which maintains AV 
synchrony (AAI or DDD vs VVI) is preferable21 (and 
there are studies showing slight survival benefit)14, how-
ever, large multicentre studies such as MOST22, CTOPP23 
and UKRACE24 did not show any superiority in survival 
associated with the type of pacing; the co-morbidities 
were those that ultimately defined it, anyway25.

In our study, complications involving patients with 
a PM were extremely low (only 26 patients) and were 
mainly due to device electrodes (insulation failure, lead 
fracture or change of lead location requiring re-implan-
tation, etc.). They usually came with symptoms of heart 
failure or symptomatic bradycardia and dizziness, while 
in a few cases they were asymptomatic26. It is worth to 
be mentioned that our hospital is a secondary healthcare 
center where until now permanent PMs are not implant-
ed. Therefore, patients that experience direct complica-
tions associated with the implantation of such devices 
(e.g., pneumothorax, cardiac perforation or tamponade, 
pocket hematoma, etc.) were treated locally in the centers 
where the device had been implanted. When there is a 
problem with PM’s leads, initially an attempt is made to 
reprogram the settings27, and if there is no therapeutic ef-
fect, then they are referred to the particular centers to be 
managed. In the medical literature, a percentage of such 
complications related to PM’s leads are reported at 2 % 
in the first year and 8.3 % in the first five years follow-

ing implantation28. The new field of research over Lead-
less Cardiac PMs, if it prevails, will relieve patients of all 
these complications29,30. 

Regarding the operation costs of the PU, one should 
note that the prefecture of Hemathia is mostly a low-
land area allowing easy access from most settlements 
to the Veroia Hospital within half an hour. The nearest 
centers of tertiary care in the city of Thessaloniki are 80 
km away. Thus, attendance to the Unit is convenient and 
comfortable for patients residing in the area, while at the 
same time reduces the workload of the tertiary centers, 
which serve a large number of patients from all around 
Northern Greece. The combination of patient benefit, 
with decentralization and decongestion of the healthcare 
system, makes the cost-effectiveness of operating a PU 
in a secondary care center, clearly acceptable. On this 
concept, we expect more studies to be published for the 
follow-up of patients with a permanent PM in secondary 
care centers.

Conclusion
During the 16 operational years of the PU of the Gen-

eral Hospital of Veroia and the follow-up of hundreds 
of patients, we observed that the indications for PM im-
plantations remained unchanged over these years of the 
ongoing study and were based on confirmed bradycar-
dias and major symptoms. Quite often, it is necessary to 
reprogram a device, which is directly served in our PU. 
We also found that in those patients co-existence of atrial 
fibrillation and heart failure, as well as the application 
of single-chamber ventricular pacing, deteriorates their 
quality of life. The operation of such a Unit in a second-
ary care center has acceptable cost-effectiveness.
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