
© 2021 Cardiovascular Innovations and Applications. Creative Commons Attribution-NonCommercial 4.0 International License

Vol. 5 No. 3 (2021) 145–153
ISSN 2009-8618

DOI 10.15212/CVIA.2019.0596
Cardiovascular Innovations and Applications

          A Meta-analysis of Major Complications 
between Traditional Pacemakers and Leadless 
Pacemakers  

    Diyu   Cui    1   ,    Yimeng   Liao    1   ,    Jianlin   Du    1    and    Yunqing   Chen    1   

  1  Department of Cardiology ,  The Second Affi liated Hospital of Chongqing Medical University ,  Chongqing 400010 ,  China   

 Received:  15   July   2020 ; Revised:  1   October   2020 ; Accepted:  9   October   2020     

   Introduction 

 Since the fi rst cardiac pacemaker was implanted 
in the human body in 1958, pacemaker technology 
has been continuously improved to be a mainstay 

for the treatment of many major clinical problems, 
such as sick sinus syndrome and high-degree atrio-
ventricular block. However, the pocket- and lead-
related complications resulting from traditional 
pacemakers, such as infection, hematoma, incision 
dehiscence, and pocket effusion, have gradually 
gained attention [ 1 ]. 

 To reduce the occurrence of these complications, 
the concept of leadless pacemakers was proposed in 
the 1970s [ 2 ]. With further development, the leadless 
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pacemakers currently in use include two types: (1) 
the Nanostim ™  leadless cardiac pacemaker (LCP) 
[ 3 ] and (2) the Micra ™  transcatheter pacing system 
(TPS) [ 4 ]. The Nanostim LCP is manufactured by 
St. Jude Medical and integrates pacemaker devices, 
lithium batteries, and electrodes. The length of the 
Nanostim LCP is 42 mm, the maximum diameter 
is 5.99 mm, and the weight is 2 g. The Nanostim 
LCP is delivered from the femoral vein to the right 
ventricle through an 18 F (inner diameter)/21 F 
(outer diameter) catheter. The Nanostim LCP uses 
conductive communication to minimize battery 
consumption, and its battery life is 8.5 – 9.8 years 
[ 3 ]. The Micra TPS, manufactured by Medtronic, 
has a length of 25.9 mm, an external diameter of 
6.7 mm, and a weight of 2 g. The guide sheath of 
the Micra TPS is a 23 F (inner diameter)/27 F (outer 
diameter) catheter. The Micra TPS uses traditional 
radiofrequency current methods, and its battery life 
is 4.7 – 9.6 years [ 4 ]. In terms of equipment extrac-
tion, a leadless pacemaker has a special controlla-
ble catheter for extraction [ 3 ,  4 ]. With the increas-
ing use of leadless pacemakers, Mengi [ 5 ] reported 
that leadless pacemakers have a low risk of major 
complications and Cantillon et al. [ 6 ] discovered an 
alarmingly high incidence of cardiac perforation or 
pericardial effusion and vascular events on short-
term follow-up. 

 It is not clear which of the two pacemaker sys-
tems is better. Therefore, this meta-analysis was 
conducted to answer this question.  

  Methods 

  Search Strategy 

 A systematic search in PubMed, Embase, the 
Cochrane Central Register of Controlled Trials 
(CENTRAL), the CNKI database, and the Wanfang 
database was performed from July 2013 to December 
2019. Studies eligible for inclusion were identifi ed 
by the following search strategy: fi rst run,  “ leadless 
pacemaker ”  OR  “ leadless cardiac pacemaker ”  OR 
 “ Micra transcatheter pacing ”  OR  “ leadless pacing ”  
OR  “ leadless cardiac pacing ” ; second run,  “ tradi-
tional pacemaker ”  OR  “ conventional pacemaker ”  
OR  “ permanent pacemaker ”  OR  “ standard pace-
maker ” ; third run,  “ effect ”  OR  “ therapeutic effect ”  

OR  “ treatment outcome ”  OR  “ treatment effect ”  OR 
 “ therapeutic effi cacy ”  OR  “ effi cacy ”  OR  “ compli-
cation ” ; fourth run, combination of the search terms 
for the fi rst, second, and third runs.  

  Selection Criteria 

 The method used in this meta-analysis is in 
accordance with the guidelines of the Cochrane 
Collaboration [ 7 ]. 

  Inclusion Criteria and Exclusion Criteria 

 The exclusion criteria were as follows: duplicate 
literature; single-arm study; raw research data can-
not be obtained or studied; review, case report, or 
animal experiments; languages other than English 
or Chinese. 

 The inclusion criteria were as follows: the studies 
must be designed as a head-to-head comparison of 
traditional pacemakers with leadless pacemakers; 
detailed data can be extracted to compare the pri-
mary and secondary end points; English or Chinese 
language.  

  End Points 

 The primary end point was major complications, 
which were defi ned as system- and procedure-
related events resulting in death, permanent loss 
of device function, hospitalization, hospitalization 
prolonged by 48 hours, or system revision (exclud-
ing pocket- and lead-related complications). 

 The secondary end points were cardiac perfora-
tion/pericardial effusion, device revision or extrac-
tion, loss of device function, and death.   

  Literature Screening, Data Extraction, and 
Quality Evaluation 

 Diyu Cui and Yunqing Chen independently per-
formed the literature screening, data extraction, and 
methodological quality evaluation. A consensus 
was reached through discussion or with the assis-
tance of a third party. A self-made data extraction 
table was used to extract the data. The extracted 
content included mainly (1) the general character-
istics and basic conditions of the research, (2) The 
study source of enrolled researches, (3) the spe-
cifi c method used for the intervention, and (4) the 
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clinical outcome index. Finally, the Newcastle-
Ottawa Scale [ 8 ] was used to evaluate the risk and 
the quality of the studies.  

  Statistical Analysis 

 Data processing was performed with Rev Man 
5.3 from the Cochrane Collaboration. The count 
data were analyzed by the risk ratio (RR) and the 
95% confi dence interval (CI) as the effect size. 
Heterogeneity was determined by the   χ   2  test. When 
P    ≥    0.05 and  I  ²     ≤    50%, the random effects model was 
used for meta-analysis; when P    <    0.05 and  I  ²     >    50%, 
the cause of heterogeneity was fi rst searched for, 
which may have led to subgroup analysis of het-
erogeneity factors. The clinical heterogeneity 
was evaluated by the study background, the basic 
characteristics of the study population, the type of 
implanted pacemaker, and so on. If there was sta-
tistical heterogeneity between the study results, 
then a random effects model meta-analysis was 
used, and the results were interpreted with cau-
tion. Descriptive analysis was performed if the data 
could not be combined.   

  Results 

  Screening of Studies 

 In our database research, 178 citations were 
retrieved: 53 articles were from PubMed, 73 arti-
cles were from Embase, three articles were from the 
CNKI database, ten articles were from CENTRAL, 
and 39 articles were from the Wangfang database. 
Thirty-two references were excluded because 
of references duplicated by EndNote. One hun-
dred thirty-six clearly irrelevant references 
were excluded through reading of the titles and 
abstracts. Therefore, ten references remained for 
further review. After reading of the full text, four 
references were excluded: three references had 
a repeated population, and for one reference the 
full text could not be accessed. Finally, six studies 
[ 6 ,  9  –  13 ] were included in the systematic review 
( Figure 1  ,  Table 1 ).   

  Characteristics of Included Studies 

 The basic features of the included studies are 
shown in  Table 1 . Six studies were included, and 

none of these were a randomized controlled trial. 
In three studies, the single-arm test population for 
leadless pacemakers was selected as the experi-
mental group and the single-arm test population 
for traditional pacemakers was selected as the 
control group to conduct a comparative study in 
a paired way. The study by Carabelli et al. [ 11 ] 
was a single-center controlled study, the study 
by Gonzalez-Melchor et al. [ 13 ] was as a single-
center, prospective, observational study, and the 
study by Kamath et al. [ 9 ] was a retrospective 
cohort study.  

  Data Extraction 

  Primary End Point (Major Complications) 

 Among the six included studies, four conducted 
quantitative analysis of major complications. For 
major complications, the defi nitions were not 
consistent across the studies. The main complica-
tions in the study by Vaidya et al. [ 12 ] were severe 

Database (n = 178): 
• PubMed: 53 
• Embase: 73 
• CENTRAL: 10

Records after
duplicates
removed
(n = 32)

Records screened
(n = 146)

Excluded (n = 136):
• Animal study
• Case report
• Single-arm
   study

• Review

Full-text articles assessed for
eligibility  (n = 10) 

Excluded (n = 4):
• Repeated
   population

• Cannot get full
   text

Studies included in
quantitative synthesis

(n = 6)

• CNKI database: 3
• Wangfang
   database: 39

 Figure 1:    Selection of Studies for Inclusion in the 
Meta-Analysis. 
 CENTRAL, Cochrane Central Register of Controlled Trials.    
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adverse events such as death, cardiac arrest, stroke, 
pericardial effusion requiring intervention, hema-
toma, or vascular tear requiring surgical inter-
vention. The major complications in the study by 
El-Chami et al. [ 10 ] were system- and procedure-
related events that resulted in death, permanent 
loss of device function, hospitalization, extended 
stay of 48 hours, or system revision. The other 
two major complications were defi ned as serious 
adverse events resulting from system- and proce-
dure-related events. Therefore, the main complica-
tions in this study were defi ned as serious adverse 
events related to systems and procedures, such as 
death and cardiac arrest.   

  Major Complications with Leadless 
Pacemakers versus Traditional 
Pacemakers 

 Among the six studies for quantitative analysis, we 
were able to extract complete data on major compli-
cations from four studies. The results of the meta-
analysis suggested that leadless pacemakers have 
a lower incidence of major complications than tra-
ditional pacemakers (RR 0.33, 95% CI 0.25 – 0.44, 
P    <    0.00001,  I  ²     =    49%) ( Figure 2  ). 

  Secondary End Points 

  Cardiac Perforation or Pericardial Effusion 
 We pooled the effect estimates of cardiac perfora-
tion/pericardial effusion from three studies, which 
suggested that a leadless pacemaker is associated 
with a higher risk of cardiac perforation/pericardial 
effusion (RR 4.28, 95% CI 1.66 – 11.08, P    =    0.003, 
 I  ²      =     0%) ( Figure 3  ).  

  Death, Device Revision or Extraction, and 
Loss of Device Function 
 Finally, the meta-analysis showed no statistically 
signifi cant difference for death between leadless 
pacemakers and traditional pacemakers (RR 1.59, 
95% CI 0.46 – 5.54, P    =    0.46,  I  2     =    78%) ( Figure 4  ). 
For the two research indicators of device revision 
or extraction and loss of device function, the com-
bined analysis results indicated that there was no 
statistically signifi cant difference between leadless 
pacemakers and traditional pacemakers in these two 
concurrent aspects (device revision or extraction, 
RR 0.33, 95% CI 0.10 – 1.06, P  =    0.06,  I  2     =    59%; loss 
of device function, RR 5.19, 95% CI 0.17 – 161.77, 
P=0.35,  I  2     =    67%) ( Figures 5 and 6     ).   
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 Figure 2:    Major Complications. 
 CI, confi dence interval; df, degrees of freedom; LP, leadless pacemaker; M-H, Mantel-Haenszel; TP, traditional pacemaker.    
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 Figure 3:    Cardiac Perforation or Pericardial Effusion. 
 CI, confi dence interval; df, degrees of freedom; LP, leadless pacemaker; M-H, Mantel-Haenszel; TP, traditional pacemaker.    
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  Publication Bias and Sensitivity Analysis 

 In accordance with the Cochrane handbook [ 14 ], we 
did not perform publication bias analysis because of 
the low number of included studies. We performed 
sensitivity analysis, which indicated that the results 
for major complications and cardiac perforation or 
pericardial effusion were not stable. During sensi-
tivity analysis, it was found that all studies except 
that of El-Chami et al. [ 10 ] had a large impact on 
the results for major complications, and when the 
study by Cantillon et al. [ 6 ] was excluded, there was 
a large change in the cardiac perforation or pericar-
dial effusion group, mainly because of the large 
sample size of these two studies.    

  Discussion 

 The leadless pacemaker was developed to avoid the 
pocket- and lead-related complications caused by 
traditional pacemakers. Research on the Nanostim 
LCP and Micra TPS is gradually increasing. 
Although most of the single-arm study results sug-
gested that the leadless pacemaker has better safety, 
comparisons of traditional pacemakers and leadless 
pacemakers are still lacking, especially since rand-
omized controlled trials have not yet been published. 
This article is the fi rst meta-analysis to compare the 
differences in clinical complications between lead-
less pacemakers and traditional pacemakers. The 
fi nal results suggest that leadless pacemakers are 
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associated with a lower incidence of major compli-
cations than traditional pacemakers. However, in 
terms of cardiac perforation or pericardial effusion, 
leadless pacemakers have a higher risk. In terms of 
device revision or extraction, loss of device func-
tion, and death, since there were few current studies, 
no statistically signifi cant differences were found. 

 In terms of major complications, although the 
six studies included have different defi nitions of 
major complications, they all refer to serious com-
plications caused by equipment or procedures as 
a whole. Our meta-analysis indicated that lead-
less pacemakers are associated with a lower inci-
dence of major complications. Given that the fol-
low-up duration of the included studies was about 
12 months, leadless pacemakers may be superior 
to traditional pacemakers with regard to short-term 
benefi ts. 

 The meta-analysis of cardiac perforation or peri-
cardial effusions suggested that a leadless pace-
maker was more likely to cause them. The implan-
tation processes for the Nanostim LCP and the 
Micra TPS are similar, using a catheter-based per-
cutaneous femoral artery approach to introduce the 
leadless pacemaker and deliver it to the right ven-
tricle. After the right ventricle has been reached, the 
leadless pacemaker is fi xed to the ventricular wall 
by different means: the Micra TPS [ 15 ] has a tine-
based fi xation mechanism, and the Nanostim LCP 
is fi xed with a helical screw. This fi xation method 
has a certain risk: if the fi xed position is too deep or 
too shallow, it is prone to result in heart perforation 
or device displacement, which is inseparable from 
the profi ciency of the operator. The relatively high 
perforation rate was thought to be associated with 
deploying a catheter or fi xed tooth through the right 
ventricular free wall. Therefore, implantation train-
ing should be focused on ventricular septal deploy-
ment [ 16 ]. A study on the Nanostim LCP demon-
strated that learning curves exist for Nanostim 
LCP implantation. Procedure effi ciency increased 
with increased operator experience, according to a 
decrease in the incidence of serious adverse device 
effects, procedure duration, and number of repo-
sitioning attempts [ 17 ]. This shows the impact of 
proper training and gaining experience on the per-
formance learning curve for the Nanostim LCP. 

 For death, only three articles could be included 
in the meta-analysis, and the fi nal results are not 

statistically different. Death is defi ned mainly as 
death due to procedures or equipment. Large-sample 
control experiments for death are still lacking. Only 
one of the three samples was relatively large, so it 
may cause greater heterogeneity. 

 We found no statistically signifi cant differences 
with regard to device revision or extraction and loss 
of device function complications because of the 
lack of current control studies. In current research, 
the occurrence of device battery failure has attracted 
much attention, especially for the Nanostim LCP. 
Lakkireddy et al. [ 18 ] reported that there were 34 
battery failures in 1423 Nanostim LCP implants, 
seven of which directly led to the global emergency 
recall and termination of the Nanostim LCP. The 
higher-than-expected battery failure can directly 
threaten the implant ’ s life and safety [ 19 ]. In the 
case of equipment failure and the need for replace-
ment, the safety of leadless pacemaker extraction 
has also been studied. In the review by Li et al. 
[ 20 ], according to the available data, a leadless 
pacemaker can be extracted at least 4 or 5 years 
after implantation, but with the development of the 
leadless pacemaker, device extraction may become 
more and more convenient. 

 In this study, by combining the results of cur-
rently available comparative studies to analyze the 
differences in complications between traditional 
pacemakers and leadless pacemakers, we found that 
leadless pacemakers have an advantage in terms of 
lead- and pocket-related complications. In terms 
of other complications, there is still controversial 
 differences between leadless pacemakers and tradi-
tional pacemakers. At the same time, because of the 
lack of long-term follow-up data for leadless pace-
makers, safety is currently unknown in terms of 
long-term complications. Therefore, there is a great 
need for more head-to-head studies or randomized 
controlled trials to guide clinical practice.  

  Limitations 

 There were no randomized controlled studies in 
the included studies, the follow-up duration of the 
studies was different, and all studies had short-term 
and medium-term complications. There are no data 
on studies of leadless pacemakers in China. For 
the Asian population, 36 people in the Japanese 
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population and 690 people in the rest of the popula-
tion have been followed up for 1 year, with major 
complications suggested. Limited by the number of 
related studies and available data, our major com-
plications were defi ned not by the incidence but by 
a comprehensive consideration of the severity and 
prevalence on the basis of the included studies. In 
consideration of the standard criteria of major com-
plications in each study, we think that the impact of 
the difference on the RR is small, and the pooled 
effect by meta-analysis has certain clinical signifi -
cance in safety assessment. There is no signifi cant 
difference in the probability, and the rest of the 
results will be explored by more relevant clinical 
trials.  

  Conclusion 

 Our meta-analysis appears to favor leadless pace-
makers over traditional pacemakers with regard 
to major complications. This indicates that lead-
less pacemakers have potential for future clinical 
applications. However, the application of a leadless 
pacemaker is still controversial, and more rand-
omized controlled studies are warranted to explore 
safety and practicality.  
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