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ABSTRACT
Introduction:  The evolution in pacemaker technologies has led to improvements in size, weight, 
functionality, and durability, even as the battery and electrode-based structural configuration has 
remained essentially the same.
Objective:  To compare the cost-effectiveness and cost-utility of conventional and leadless 
pacemakers.
Material and methods:  We conducted a retrospective observational study of 403 patients 
randomly implanted with a conventional or leadless pacemaker (1 June 2015–31 January 2020) 
in the Hospital-University Complex of Santiago de Compostela (Galicia, NW Spain).
Results:  Conventional and leadless pacemakers were implanted in 244 and 159 patients, 
respectively. Leadless pacemakers were superior to the conventional pacemakers in terms of both 
cost-effectiveness and cost-utility, with incremental cost-effectiveness ratios of 6,263.38 euros per 
gained life year and of 5,210.71 euros per quality-adjusted life year, respectively.
Conclusions:  Leadless pacemakers have fewer complications than conventional pacemakers and, 
although the device itself is more expensive, the leadless pacemaker is more cost-effective in 
around 90% of cases.

1.  Introduction

Single-chamber atrial or ventricular stimulation has 
resulted in survival rates of 93% in the first year and 
66% in the fifth year [1]. Continuous technological 
advances since the first intravenous pacemaker (based 
on an electrode, generator, and implantable energy 
source) have led to improvements in weight, size, func-
tionality, durability, materials and monitoring. Pacemaker 
implantations are estimated to increase by around 5% 
annually in the coming years, mainly due to population 
ageing and an increase in heart-related pathologies.

Currently, around 36,441 pacemakers per year are 
implanted in Spain [2], of which around 40% are pace-
makers with single-chamber pacing, mainly (99.7%) 
VVIR pacemakers with right ventricular stimulation.  
In 2014, the cardiac electrostimulation field evolved 

radically with the introduction of a leadless pacemaker 
consisting of a single device incorporating both gener-
ator and electrode [3,4]. This change modified both 
the implantation technique and the profile of potential 
complications during and after implantation. The 
health benefits of the leadless pacemaker are similar 
to those for the conventional pacemaker [5–7], 
although potential implantation complications differ 
particularly in the immediate postoperative period: 
tamponade and vascular complications for leadless 
devices compared to infection/endocarditis, pneumo-
thorax, haematoma, electrode dislocation, and lead 
dysfunction for conventional pacemakers.

The existence of two interventions with similar indi-
cations, but different costs and complication rates 
requires a comparative cost-effectiveness analysis to 
support decisions regarding the allocation of healthcare 
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resources [8]. Since, to the best of our knowledge, few 
studies have evaluated and compared costs, whether of 
the device itself, hospitalization or monitoring, we 
attempt in this paper to fill this gap.

The rest of the paper is organised as follows. Section 
2 describes the studied population and our statistical 
analyses. The results and discussion of them appear in 
Sections 3 and 4, respectively. Finally, Section 5 is 
devoted to some conclusions.

2.  Material and methods

2.1.  Study population

In 2015, a leadless pacemaker was implanted for the 
first time in Spain in the Hospital-University Complex 
of Santiago de Compostela (CHUS) located in Galicia’s 
capital city (NW Spain). The CHUS is a tertiary-level 
specialist care hospital, whose cardiology service is a 
reference for the immediate region’s population 
(344,358 persons). However, since Galician Instruction 
7/13 grants patients free choice regarding haemody-
namic and electrophysiology services, the potential 
hospital catchment is the entire population of Galicia, 
i.e. 2,744,661 inhabitants.

Our retrospective observational study included all 
403 patients implanted with a pacemaker in the period 
1 June 2015 − 31 January 2020 in any of the CHUS car-
diac electrophysiology rooms: 244 implanted with a 
conventional pacemaker and 159 with a leadless pace-
maker. The decision as to pacemaker type (conven-
tional or leadless) was at the physician’s discretion. 
Patient clinical data were obtained from their elec-
tronic medical records.

Economic data for the two devices were obtained 
from the CHUS Management Control Service. When 
specific intervention costs were unavailable, the aver-
age cost was taken as the 2,200.08 euros established 
by the Galician Regional Health Service (SERGAS) [9] 
for implantation alone, i.e. excluding the costs of the 
pacemaker device, hospital stay, pharmaceutical expen-
diture, and diagnostic and pre-and post-implant mon-
itoring tests. Hospitalization, pharmaceutical, and test 
costs are similar for the two types of devices [9].

2.2.  Statistical analysis

We performed a cost-effectiveness analysis, which con-
sisted of numerically determining the relationship 
between the net cost of the intervention and of com-
plications and its net benefit for the patient, measured 
in terms of potential gained life years (GLYs). This anal-
ysis was suitable for comparing the two pacemaker 

types, as they have identical objectives and indica-
tions, but differ in terms of costs and potential compli-
cations due to differences in implantation techniques. 
A Markov chain [10] was implemented that calculated 
survival probability for the five years post-implantation. 
The outcome quantified was death or survival; in other 
words, the optimal strategy was that which maximized 
survival, measured as GLYs over a five-year horizon, 
contrasted with implantation cost plus complica-
tions cost.

We also performed a cost-utility analysis [11] for the 
two pacemaker types to calculate quality-adjusted life 
years (QALYs) [12]. Quality of life (QoL) results for the 
36-Item Short Form Health Survey (SF-36) were con-
verted into EuroQoL format (using an algorithm 
described elsewhere [13]) and annual probability of 
survival was multiplied by QoL results to obtain 
the QALYs.

To strengthen the statistical robustness of our 
results for both pacemaker types, a Montecarlo sensi-
tivity analysis [14] was also performed to simulate the 
impact of mortality on the cost-effectiveness and 
cost-utility analyses. In addition, a two-sample t-test 
assuming equal variances was performed to evaluate 
whether mortality differences were random or due to 
differences in the pacemakers.

All procedures were conducted in accordance with 
the Decree 63/2013 of 11 April 2013 regulating 
research ethics committees in Galicia (Euroregion 
Galicia-Northern Portugal), approved in writing by the 
institutional ethical review committee (Research Ethics 
Committee of Santiago-Lugo), and conducted under 
the authority of Project Licence 2021/164.

SPSS (V.21) was used to conduct the descriptive sta-
tistical analyses.

3.  Results

The baseline characteristics of our sample are described 
in Table 1. As observed, patients implanted with con-
ventional pacemakers were older and had higher rates 
of cardiomyopathy and arterial hypertension than the 
patients implanted with leadless pacemakers.

For the conventional and leadless pacemakers, aver-
age procedure time was 99 and 110 min, respectively, 
and mean (standard deviation [SD]) fluoroscopy time 
was 4 min (SD 9 s) and 8 min (SD 3 s), respectively.

Mortality unrelated to the intervention was 11 
patients (4.5%) with conventional pacemakers, and 18 
patients (11.3%) with leadless pacemakers. Implant- 
related mortality was 2 patients with leadless pace-
makers and 0 patients with conventional pacemakers. 
We performed an analysis of the independence of the 
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samples of the two types of pacemaker and their rela-
tionship with mortality using the Student t test. Table 
2 summarizes the results.

As observed, implant-related mortality differences 
between the two samples were not due to the pace-
maker type but to the hazard (Student t-test 
=1.75503296; critical value of t (one-tailed) =1.64867194; 
critical value of t (two-tailed) =1.96591234).

3.1.  Cost-effectiveness and cost-utility analyses

The only major complication directly related to 244 
conventional pacemaker implants was four cases 
(1.6%) of pneumothorax (minor complications such 
as hematomas were not taken into account), costed 
at 10,793.25 euros each. For the 159 leadless pace-
maker implants, the only major complication was 
one case (0.6%) of pericardial effusion, costed at 
13,878.7 euros.

Conventional pacemaker cost was calculated per 
patient as 2,194.8 euros (device), plus 176.94 euros 
(cost of four pneumothorax complications distributed 
over 244 patients), plus 2,200.08 euros (SERGAS stan-
dard intervention cost). This yields a total cost of 
4,572.54 euros per conventional pacemaker. Similarly, 
leadless pacemaker cost was calculated per patient as 
8,485.2 euros (device), plus 87.29 euros (cost of one 
pericardial effusion complication distributed over 159 
patients), plus 2,200.08 euros (SERGAS standard inter-
vention cost). Thus, the total cost of each leadless 
pacemaker amounts to 10,773.29 euros.

Our complications rates for leadless pacemakers 
and for conventional pacemakers (2.9% each) – some-
what lower than those reported in recently published 
studies (4.0% and 6.8% [15], respectively) – would sug-
gest that the leadless pacemaker is safer for the patient 
than the conventional pacemaker.

The results of the cost-effectiveness and the 
cost-utility analyses are summarized in Tables 3 and 4, 
respectively. The leadless pacemaker was more expen-
sive but also more effective according to both the 
cost-effectiveness and cost-utility analyses: the incre-
mental cost-effectiveness ratio (ICER) of 6,321.02 euros 
was below the acceptability threshold of 10,000 euros 
per GLY, while the ICER of 5,293.21 euros was also 
below the acceptability threshold of 20,000 euros 
per QALY.

3.2.  Montecarlo simulation

The Montecarlo sensitivity analyses, depicted in Figure 
1 (cost-effectiveness) and Figure 2 (cost-utility), corrob-
orate the results: the cost-effectiveness and cost-utility 
of the leadless pacemaker were 89.10% and 99.9%, 
respectively.

3.3.  Survival probability analysis

The probability of post-implant survival for the con-
ventional pacemaker was 91.39% in the first year, 
gradually dropping to 53.28% by the fifth year. In 
comparison, the probability of post-implant survival 
for the leadless pacemaker was 95.60% in the first 
year, dropping only to 87.44% by the fifth year. Two 

Table 1. S tudy sample.
Pacemaker type

p-value
Conventional 

(n = 244)
Leadless 
(n = 159)

Men 60.2% 59.1% 0.8217
Women 39.8% 40.9%
Mean age 83.31 79.15 0.000
Age >75 years 82.8% 78.6% 0.296
AH 76.2% 80.5% 0.312
DM 29.5% 35.2% 0.229
IC 32.0% 24.5% 0.108
COPD 16.4% 17.6% 0.750
CI 17.6% 21.4% 0.881
CM 27.9% 48.4% 0.000
CRF 34.8% 17.6% 0.000
Arteriopathy 8.6% 7.5% 0.705
Valvulopathy 38.1% 42.1% 0.651

AH, arterial hypertension; DM, diabetes mellitus; IC, ischaemic cardiopathy; 
COPD, chronic obstructive pulmonary disease; CI, cardiac insufficiency; CM, 
cardiomyopathy; CRF, chronic respiratory failure.

Table 2.  Two-sample t-test assuming equal variances.
EXITUS-MICRA EXITUS-VR

Mean 0.0125786163522013 0
Variance 0.0124990048563012 0
Observations 159 243
Pooled variance 0.00493710691823899
Hypothetical difference 

of means
0

Degrees of freedom 400
t-statistic 1.75503296
P (T< =t) one-tailed 0.0400096
Critical value of  

t (one-tailed)
1.64867194

P (T< =t) two-tailed 0.08001921
Critical value of  

t (two-tailed)
1.96591234

Table 3. C ost-effectiveness analysis.

Pacemaker  GLYs Cost (€)
Incremental 

GLYs
Incremental 

cost (€) ICER

Leadless 4.54 10,773.29 0.99 6,200.75 6,263.38
Conventional 3.55 4,572.54

GLY, gained life year; ICER, incremental cost-effectiveness ratio.

Table 4. C ost-utility analysis.

Pacemaker QALYs Cost (€)
Incremental 

QALYs
Incremental 

cost (€) ICER

Leadless 3.38 10,773.29 1.19 6,200.75 5,210.71
Conventional 2.19 4,572.54

QALY, quality-adjusted life year; ICER, incremental cost-effectiveness ratio.
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results are therefore noteworthy. First, over all the 
years following implantation the probability of survival 
with the leadless pacemaker is unequivocally higher 
than with the conventional pacemaker. Second, the 
difference between the probability of survival with the 
leadless pacemaker and with the conventional pace-
maker is greater the further away we are from the year 
of implantation. Figure 3 illustrates these results.

4.  Discussion

Cost analyses of conventional and leadless pacemakers 
is information of major relevance in the care of patients 
in any healthcare system. As far as we are aware, no 

studies to date have reported or calculated cost differ-
ences between conventional and leadless pacemakers. 
Using real-world data for a tertiary hospital, we per-
formed cost-effectiveness and cost-utility analyses of 
conventional and leadless pacemakers. As shown, 
although more costly than the conventional pacemaker, 
the leadless pacemaker may confer an overall benefit in 
reducing acute and long-term complications.

Regarding studies of costs and complications associ-
ated with the leadless pacemaker, most studies focus 
exclusively on complications. However, we included 
complications costs in this study, given that they are an 
indirect cost. Over the long term, leadless pacemakers 
could be anticipated to improve in cost-effectiveness, 

Figure 1.  Montecarlo analysis. Cost-effectiveness in gained life years (GLYs).

Figure 2.  Montecarlo analysis. Cost-utility in quality-adjusted life years (QALYs).
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given the longer battery life and possible reduction in 
overall complications, although this remains a ‘known 
unknown’ at present.

In our comparative study, despite not initially 
obtaining the expected results for the leadless pace-
maker from the perspective of associated complica-
tions, the leadless pacemaker is theoretically safer and 
faster. This result is similar to those obtained in numer-
ous studies of conventional implants and the few 
studies published on leadless pacemakers. Of note is 
the fact that leadless pacemakers are typically 
implanted in more severely ill patients in the real 
world, which has implications when comparing them 
to conventional pacemakers. In the absence of ran-
domization, careful adjustment and propensity match-
ing is required to infer conclusions from these studies, 
since the baseline characteristics of leadless vs conven-
tional pacemaker recipients are different.

Note that selection bias may be present in our 
study since very fragile patients with a life expectancy 
of <6 months are typically implanted with conventional 
pacemakers. This could explain the greater mortality 
trend in those patients and may have influenced the 
analysis. Nevertheless, since the reason for death was 
not device-related, we believe that it did not affect 
either cost-effectiveness or cost-utility. For the leadless 
pacemakers, the elimination (or mitigation) of some of 
the complications commonly encountered with con-
ventional pacemakers (such as pneumothorax and 
pocket- and lead-related issues) might be a key factor 
associated with the better complications profile. Those 

results remain consistent when adjusted for the peri-
cardial effusion rate and the overall safety of leadless 
pacemakers.

Our complications rate for both groups seems to be 
aligned with current data, at 1.2% overall. Darlington 
et  al. [16] reported a rate of 3.11% for patients in India 
who received a leadless pacemaker. Reynolds et  al. 
[17], after 6 months’ follow-up of 725 patients 
implanted with a leadless pacemaker, reported a rate 
of 3.8%. For a German multicentre study of 4,355 
followed-up patients who had undergone a conven-
tional implant between 2006 and 2011, Kirkfeldt et  al. 
[18] reported a rate of 5.8%. However, Roberts et  al. 
[19] reported complications in 13 patients (1.51%) for 
795 patients after 30 days of follow-up after implanta-
tion of a leadless pacemaker.

Regarding comparative costs, an Australian study of 
1,595 patients with a similar complications rate to that 
of our analysis (1%), a single-chamber pacemaker cost 
AUD 2,000 and a leadless pacemaker cost AUD 11,000, 
representing an 18% difference [20], compared to the 
41.98% difference in our study. In a Norwegian study, 
Faguerlund et  al. [21] concluded that substituting 
single-chamber pacemakers with leadless pacemakers 
for all patients scheduled for the intervention would 
result in an additional cost of NOK 27,386,992 by the 
fifth year, and an ICER that was significantly higher 
than the Norwegian cost-effectiveness level. However, 
our research, contrasting with the Norwegian study, 
reports ICER values that indicate the cost-effectiveness 
of each technique.

Figure 3. S urvival probabilities for the conventional and leadless pacemakers.
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While our study has the limitations inherent to all 
observational studies, our design allowed us to reach 
relevant conclusions. Moreover, in surgery, observa-
tional studies comparing the procedure and overall 
patient management (type 2 study) or comparing sur-
gery versus non-surgery (type 3 study), provided they 
are conducted in a methodologically sound manner, 
can reach conclusions similar to those of randomized 
trials [22], especially since the creativity that character-
izes surgery and that has allowed important advances 
cannot be captured by randomized trials [23].

While single-centre studies usually recruit too few 
patients to be scientifically feasible, they have the 
advantages that they offer the flexibility of approach 
necessary for clinicians and scientists to develop new 
treatments and are an important source of new thera-
peutic ideas [24,25].

4.1.  Limitations

While our results for complications are similar to those 
of other authors, we can hypothesize about possible 
biases. It has been amply demonstrated that complica-
tions are directly related to the experience of the pro-
fessional who performs the technique. Even though 
the leadless pacemakers were implanted in our patients 
by two professionals classified as experts – having 
been previously trained in the technique and having 
passed the learning criterion stipulated by the com-
pany (at least 10 implants without complications) – we 
believe that a comparison with professionals with over 
a decade of experience of hundreds of cases of con-
ventional implants cannot be considered a level play-
ing field.

The vast numbers of our patients have undergone 
conventional pacemaker implants. Therefore, most 
studies on complications – and so indirectly related to 
part of our objective – are based on a far larger sam-
ple of patients than in our study, which would explain 
the important differences in results.

The price of innovative leadless pacemakers is set 
by the manufacturer, whereas price is established 
through competition for conventional pacemakers. The 
fact that newer devices will be included in future pub-
lic tenders will almost certainly lead to a reduction 
in price.

Our study only considered economic variables 
reflecting pacemaker implantation and the first months 
of follow-up, i.e. we did not consider battery replace-
ment. However, if battery depletion were considered, 
there would be important differences in the current 
replacement cost. While the fungible material used for 
the two interventions is similar, the specific material 

implantable in the devices differs. In the conventional 
device with leads, only the battery is replaced, so the 
cost calculated at the time of the implant would have 
to be discounted relative to the value of the electrode 
that is not changed when replacing the battery. In the 
leadless device, in contrast, since there is no electrode, 
the cost is the cost as calculated for the implant.

While the durability of batteries in leadless devices is 
stated to be similar to that for conventional devices, 
that value is currently only known from laboratory tests 
under ideal conditions. From experience with conven-
tional devices, we know that readings of threshold-type 
stimulation, percentage stimulation, and impedance 
parameters at the time of the implant and in the initial 
follow-up visits depend directly on battery consump-
tion; the readings are therefore not stable and may vary 
throughout the life of the patient, leading to signifi-
cantly modified durability (most typically shortened).

For all these reasons, while our initial findings 
regarding complications are similar to those published 
to date, they need to be interpreted with care. To cor-
rect all possible biases, further studies are required 
based on progressively increasing the number of 
patients and following up over longer periods.

5.  Conclusions

Cost-effectiveness analyses are not yet standard in the 
incorporation of new technologies. Few studies to date 
describe the cost-effectiveness of innovative leadless 
pacemakers, yet this kind of analysis is crucial informa-
tion for healthcare managers and professionals. As for 
complications, our results for leadless pacemakers 
(2.9%) are slightly lower than those recently published 
studies (4.0%). Despite its novelty and the smaller 
samples, the leadless pacemaker would appear to be 
safer than the conventional pacemaker. The good 
safety and complications profile of the leadless pace-
maker comes at a price, however, as it cost 8,485.2 
euros in our study, compared to 2,194.8 euros for the 
conventional pacemaker. Given the novelty of the 
leadless pacemaker technology, however, we suggest 
that our conclusions be interpreted with care.
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