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Abstract
Aims
Transcatheter pacing systems (TPS) provide a novel, 
minimally invasive approach in which a miniaturized, 
leadless pacemaker (PM) is transfemorally implanted 
in the right ventricle. We sought to assess the Health 
Related Quality of Life (HRQoL) impact, patient satisfac-
tion and mobility restrictions following TPS in a large 
prospective multicenter clinical trial.

Methods
Patients with a single-chamber pacing indication who 
underwent a Micra TPS implantation between Decem-
ber 2013 and May 2015 were included. HRQoL impact 
was evaluated using the SF-36 questionnaire at base-
line, 3 and 12 months. Patient satisfaction was assessed 
using a 3-item questionnaire determining recovery, 
activity level, and esthetic appearance at 3 months. 
Implanting physicians compared the patient mobility 
restrictions for TPS to traditional PM therapy.

Results
A total of 720 patients were implanted with a TPS (76 ± 
11 years (range: 19-94); 59% male). Of these patients, 
702 (98%), 681 (95%) and 635 (88%) completed the SF-
36 at baseline, 3 and 12 months, respectively. Improve-
ments were observed at 3 and 12 months in all SF-36 
domains and all attained statistical significance. Of 693 
patients who completed the patient satisfaction ques-
tionnaire, 96%, 91%, 74% were (very) satisfied with 
their esthetic appearance, recovery, and level of activity, 
respectively. TPS discharge instructions were rated less 
restrictive in 49%, equally restrictive in 47%, and more 
restrictive in 4% of cases compared to traditional PM 
systems.

Conclusion
TPS resulted in post-implant HRQoL improvements at 3 
and 12 months, and high levels of patient satisfaction at 
3 months. Further, TPS was associated with less mobili-
ty restrictions compared to traditional PM systems.
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Introduction
Cardiac pacemakers (PM) are the preferred and widely used therapy to decrease morbidity and mortality in 
patients with various symptomatic bradyarrhythmias (1-4). PM therapy has evolved substantially over the past 
years. The recently introduced Micra Transcather Pacing System (TPS) provides a novel approach to pacing thera-
py, in which a leadless PM is completely implanted in the right ventricle through a minimally invasive procedure. 
Currently TPS is implanted only in patients who have an indication for single chamber ventricular (VVIR) pacing 
(5). The TPS may have significant clinical benefits to the conventional design of transvenous PM since it circum-
vents the use of transvenous leads and subcutaneous pocket of the pulse generator, which are the main sources 
of serious peri- and postprocedural complications (e.g. hematoma, skin erosion, pocket infection, pneumothorax, 
cardiac tamponade and lead dislodgement) (6-8). Health Related Quality of Life (HRQoL) impact is considered an 
important metric to measure patient clinical status and quality of life and therefore represents a cornerstone in 
clinical treatment effectiveness (9). HRQoL improvement following PM implantation has been shown in various 
transvenous PM trials (10- 14). The minimally invasive TPS procedure could provide additional benefits that may 
enhance improvement in HRQoL compared to the conventional transvenous PM, such as cosmetic benefit, earlier 
hospital discharge, fewer complications and re-hospitalization (5). In addition, TPS potentially overcomes the 
need for strict mobility restrictions following conventional PM surgery required to prevent lead dislodgement, 
and therefore may improve patient satisfaction and HRQoL (5, 15). With the increasing number of patients in 
whom the TPS is implanted, monitoring late effects on HRQoL, patient clinical status and activity restrictions 
becomes increasingly important. Yet to date, the effect of TPS on the aforementioned essential clinical outcomes 
has not been evaluated. Therefore, we aimed to assess the HRQoL impact, patient satisfaction and mobility 
restrictions following TPS in a large prospective multicenter clinical trial.

Methods
Micra Study cohort
The rationale and design of the Micra TPS study has been described previously (16). In brief, it was a single-arm 
prospective multicenter clinical trial enrolling 726 patients, with a class I or II guideline indication for VVIR  
pacing, in 56 centers and 19 countries between December 2013 and May 2015 (15,16). Implanted patients were 
followed for a minimum of 12 months. The aim of this study was to assess the safety and performance of the 
Micra transcatheter pacing system (TPS), a miniaturized intracardiac PM which is implanted via a percutaneous 
transfemoral route (Figure 1). The study protocol was approved by the Institutional Review Boards from all 
participating centers and complied with the declaration of Helsinki.

Figure 1
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Health Related Quality of Life
Multidimensional HRQoL was assessed with the Medical Outcomes Study 36-Item Short-Form (SF- 36) General 
Health Survey (17,18), which incorporates two composite scales: the Physical Component Scale (PCS) and the 
Mental Component Scale (MCS). These scales are derived from eight domains: physical functioning (PF), social 
functioning (SF), role physical (RP), role emotional (RE), mental health (MH), bodily pain (BP), vitality (VT), and gen-
eral health (GH). The domains that relate most strongly to the PCS are PF, RP and BP, whereas, MH, RE and SF 
most strongly relate to the MCS. The domains of VT and GH are associated with both component scales. For each 
of the eight domains an aggregate percentage score is produced, and are ranked on a scale from 0 (worst possi-
ble level of functioning) to 100 (highest possible level of functioning) (19). Validated SF-36 questionnaires were 
translated in the various native languages for each participating center. SF-36 questionnaires were obtained at 
three serial time points: at baseline (pre-implant), 3 months, and 12 months.

Patient satisfaction questionnaire
A non-validated 3-item questionnaire was used to assess patient satisfaction regarding three domains: 1) recov-
ery, 2) esthetic appearance, and 3) level of activity. The three domains were scored using a 5-item scale (very 
dissatisfied, dissatisfied, neutral, satisfied, very satisfied). This questionnaire was obtained at the follow-up visit 
3 months after implant.

Mobility restrictions questionnaire
All implanting physicians were asked to complete a questionnaire describing mobility restrictions provided to 
the patient at the time of discharge, and compared to mobility restrictions provided after a transvenous PM 
implant. The mobility restrictions were scored less restrictive, equally restrictive, or more restrictive compared to 
traditional PM systems.

Statistical methods
For baseline characteristics, mean and standard deviation were reported for continuous variables, and frequency 
and percentage were reported for categorical variables. Responses to questionnaires were summarized using 
frequencies and percentages. In order to enable comparisons with the general population mean, SF-36 scores 
from summary component scores and individual domains were transformed into standardized T-scores and 
normed to a mean of 50 and a standard deviation of 10. A summary component score or domain less than 50 
indicated HRQoL that was worse in the studied population compared to the general population. Normative values 
for a US population were used in the calculation of the standardized scores as similar values were not available 
for most countries. Changes in HRQoL scores from baseline to 3 months and 12 months were assessed using 
paired t-test. P-values < 0.05 were considered statistically significant. A multivariate regression analysis was 
performed to identify factors which might be associated with HRQoL improvement from baseline to 12 months. 
The factors that were explored included: age, gender, baseline HRQoL score, diabetes, renal dysfunction, chronic 
obstructive pulmonary disease (COPD), hypertension, congestive heart failure, coronary artery disease, cardiomy-
opathy, pulmonary hypertension, tricuspid valve dysfunction, number of comorbidities, and occurrence of serious 
adverse events within 12 months. The final model was selected using a backward elimination method keeping 
age, gender and all factors with a p-value < 0.1 in the model. All analyses were conducted using SAS software 
version 9.4 (SAS Institute). 

Results
Patients
The Micra TPS was successfully implanted in 720 (99.2%) out of the 726 patients with implant attempt. The 
baseline patient characteristics are displayed in Table 1. Of these patients, 702 (98%), 681 (95%), and 635 (88%) 
completed the SF-36 questionnaire at baseline, 3 month and 12 months, respectively. Of the 85 patients who did 
not complete the SF-36 questionnaire at 12 months, 52 died, 7 discontinued the study and 26 patients did not 
(fully) complete the SF-36 questionnaire.
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Table 1

HRQoL main outcomes
SF-36 PCS and MCS were both below the general population mean of 50 at baseline (mean PCS 36.3 ± 9.0; mean 
MCS 47.3 ± 12.5). Both PCS and MCS improved 3 months post-TPS implant (mean PCS 38.7 ± 9.1; mean MCS 
50.9 ± 11.6; p < 0.001) and this increase was sustained through 12 months of followup (mean PCS 38.6 ± 9.4; 
mean MCS 50.7 ± 12.2; p < 0.001 compared to baseline; Figure 2). Unlike the MCS, the PCS remained below the 
general population mean at 3 and 12 months. Mean baseline SF-36 scores for five of the eight individual domains 
were above the general population mean, except for RP (49.1 ± 30.1); VT (48.4 ± 23.1) and BP (40.4 ± 11.8).

Table 1. Baseline patient characteristics

75.8  ± 11.0

425  (59%)

Bradycardia associated with persistent or 
permanent atrial tachyarrhythmia

460  (63.9%)

Sinus node dysfunction 125  (17.4%)

Atrioventricular block 108  (15.0%)

Other 27  (3.8%)

168.8  ± 10.7

79.0  ± 18.4

27.6  ± 5.3

  Cardiomyopathy 79  (11.0%)

  Congestive heart failure 129  (17.9%)

  Coronary artery disease 201  (27.9%)

  Hypertension 565  (78.5%)

  Myocardial infarction 76  (10.6%)

  Pulmonary hypertension 79  (11.0%)

  Tricuspid valve dysfunction 187  (26.0%)

  COPD 91  (12.6%)

  Diabetes 205  (28.5%)

  Renal dysfunction 147  (20.4%)

  Chronic Lung Disease 212  (29.4%)

(n=720)Subject Characteristics

Cardiovascular Disease History, n (%)

Other Comorbidities, n (%)

Age, y

Male, n (%)

Pacing Indication, n (%)

Height (cm)

Weight (kg)

BMI
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Figure 2

An increase in SF-36 scores was observed in all individual SF-36 domains from baseline to 3 and 12 months 
(p < 0.05; Figure 3). The largest SF-36 improvement was observed in the RP domain (11.2 point increase at 12 
months), while the lowest improvement observed in the BP domain (1.3 point increase at 12 months). BP was the 
only individual domain that remained below the general population mean at 3 and 12 months post-TPS implant. A 
multivariate regression analysis identified increasing age (-0.17 points per year age-increase, p < 0.001), patients 
with renal dysfunction at baseline (-1.57 points, p = 0.047) and the occurrence of a serious adverse event (-2.03 
points, p = 0.001) as independent predictors for worse HRQoL outcome on the PCS, and patients with cardio-
myopathy (-3.24 points, p = 0.037) for worse HRQoL on the MCS (Table 2). Conversely, renal dysfunction (+2.45 
points, p = 0.045) was identified as a predictor for better HRQoL on the MCS.
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Figure 3

Table 2

Multivariate analysis of change in component scores (n-623)

Table 2. Multivariate Analysis of change in Component Scores (n=623)

Factor 95% CI P-value

Age 0.17 (-0.22, -0.12) <0.0001

PCS at Baseline -0.43 (-0.50, -0.37) <0.0001

Renal Dysfunction -1.57 (-3.2, -0.02) 0,047

Serious Adverse Event -2.03 (-3.24, -0.83) 0,001

Factor 95% CI P-value

MCS at Baseline -0.6 (-0.67, -0.53) <0.0001

Renal Dysfunction 2.45 (0.06, 4.85) 0,045

Diabetes -1.95 (-3.94, 0.04) 0,055

Cardiomyopathy -3.24 (-6.28, -0.20) 0,037

Change in Physical Component Score (from baseline to 12 months)

Change in Mental Component Score (from baseline to 12 months)

Effect Estimate

Effect Estimate
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Patient satisfaction
Of the 720 patients, 693 (96%) completed the 3-item patient satisfaction questionnaire at the 3- month 
follow-up visit. Results of this questionnaire are displayed in Figure 4. Majority of patients who com-
pleted the questionnaire were either satisfied or very satisfied with their recovery (91%), their esthetic
appearance (96%) and their level of activity after implant (74%).

Figure 4

Movement restrictions
In all but one case, (n=719/720, 99.8%) the implanting physician rated the TPS patient movement restrictions as 
part of the patient discharge instructions compared to conventional PM systems. These movement restrictions 
were rated less restrictive, equally restrictive, and more restrictive in 49%, 47% and 4% of cases, respectively, 
for TPS compared to conventional PM systems. “Longer requested bed rest period” was indicated as the main 
reason (n=22/30, 73%) for rating the TPS movement restrictions more restrictive than with a conventional PM.

Discussion
We report the largest contemporary single-chamber PM cohort in which HRQoL is studied after TPS implant. 
Our study represents the only study thus far to describe HRQoL outcomes in TPS-implanted patients, at 3 and 12 
months post-implant. TPS resulted in substantial improvements in the physical and mental component scores 
as well as individual domains of the SF-36 measure. We further observed that TPS resulted in high levels of 
patient satisfaction in terms of recovery, esthetic appearance of the implant, and the level of activity at 3 months 
post-implant compared to baseline. In addition, the majority of implanting physicians considered the impact of 
TPS on mobility restrictions as less restrictive or equally restrictive compared to the conventional PM system.

Health related Quality of Life
The impact of PM therapy on patient symptoms and HRQOL can provide a holistic picture of treatment effec-
tiveness. The TPS patient cohort was characterized by baseline PCS and MCS scores that fell below the general 
population mean suggesting a significant disease burden in this patient population. Following TPS implantation, 
mean PCS and MCS scores improved at 3 and 12 months, consistent with trends in HRQoL improvement reported 
in traditional PM studies (10-14). Among individual domains, the greatest improvement was observed on role 
physical scores. One possible explanation is that because PMs alleviate symptoms of bradycardia such as synco-
pe, dyspnea and palpitations this may positively impact normal physical functioning. Bodily pain scores showed 
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the least improvement from baseline; a finding that was not unexpected as PMs do not generally alleviate pain.

Younger patients appeared to benefit more from TPS compared to older patients in terms of the aggregate 
physical function, which is also in line with previous observations in transvenous PM cohorts (10). The occurrence 
of serious adverse events adversely affected physical HRQoL. Most of these serious adverse events were not 
related to the Micra procedure or system, but reflections of patients’ comorbidities or natural disease progres-
sion. In a post-hoc comparison to a matched historical transvenous control cohort, Reynolds et al. observed 
significantly fewer complications, system revisions, and hospitalizations following TPS (5). It can be speculated 
that with gaining implant experience with this novel TPS, the procedurerelated complication rates might fall 
and potentially affect HRQoL outcomes. Other predictors for lesser improvement in HRQoL were preexisting 
co-morbidities such as renal dysfunction and cardiomyopathy. This could reflect the fact that these are generally 
sicker patients. However, renal dysfunction was also associated with better mental HRQoL outcome, which is not 
clearly understood and might be a spurious signal due to chance.

Direct comparison of HRQoL impact between TPS and conventional PM was not feasible due to a single-arm 
clinical study design. However, there were some notable observations made when we compared TPS HRQOL 
outcomes with data from 2 conventional PM trials - the Mode Selection Trial (MOST) and the Pace Selection in 
the Elderly (PASE) study (10, 13). Firstly, the baseline TPS bodily pain score was considerably lower (by 20 points 
or more) than conventional PM patients’ bodily pain scores (Figure 5, Panel A). Secondly, while TPS resulted in 
improvements in all domains of the SF-36 at 3 and 12 months, the magnitude of improvement in role physical 
was lower than in conventional PM patients i.e., 11.2 to 11.3 point increase in TPS compared to a 15.6 to 24.8 
point increase in conventional PM (Figure 5, Panel B, C).

We conjecture that the lower magnitude of improvement in RP scores in TPS patients could be attributed to a low 
bodily pain score which did not improve with pacing therapy, thus limiting patients’ abilities to perform physical 
roles. Nonetheless, TPS performed better than conventional VVI-R PM on the general health score which showed 
little or no improvement for conventional VVI-R PM at 3 and 12 months. Similar trends in HRQoL scores were 
reported in FOLLOWPACE, a prospective observational study of traditional PM outcomes in a Dutch population 
(20). A high level of patient satisfaction with esthetic appearance coupled with the potential removal of disease 
reminder from having an invisible device post-implant may contribute to the improvement in general health 
scores in TPS patients. Unfortunately, the SF-36, being a generic instrument, does not contain items that capture 
device-related concerns that may impact patients’ HRQoL. We recommend that future clinical studies involving 
TPS and conventional PM devices should include validated instruments that cover devicerelated HRQoL concerns. 
The Florida Patient Acceptance Survey (FPAS) is an example of such an instrument (21). 
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Figure 5

Patient satisfaction 
The vast majority of patients were very satisfied with the esthetic appearance of the TPS at 3 months post-im-
plant. This can be explained by the fact that TPS eliminates the need for the subcutaneous pocket (5). In addition, 
most patients ranked their recovery, and the level of activity after implant as satisfied or very satisfied. Although 
the patient satisfaction questionnaire has not been validated, the results suggest that the VVIR pacing therapy 
using TPS might be effective and contributes to improved rehabilitation. However, without a randomized compari-
son to patient satisfaction after a conventional PM implant, it remains difficult to put these results in perspective.

Mobility restrictions
Implanting physicians should provide clear discharge mobilization instructions to minimize the risk for lead 
dislodgement following conventional PM therapy, considering early complications are mainly related to the 
leads or subcutaneous pocket (1, 6-8, 16). Implanting physicians were requested to compare patient mobility 
restrictions for TPS to traditional PM therapy based on their clinical experience. Most physicians (96%) consid-
ered TPS as less restrictive or equally restrictive compared to the conventional PM, since TPS circumvents the 
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use of the subcutaneous pocket and leads. Thus, although this single-arm nonrandomized study is not a direct 
comparison to a control group with traditional pacing, a tendency to less activity restrictions has been reported 
by the implanting physicians. In current clinical practice, restrictions in patient activities are recommended for 4 
to 6 weeks after conventional PM therapy. Extension and lifting above shoulder height of the arm adjacent to the 
PM are prohibited, which could limit patients’ ability to conduct daily activities. In contrast, there are no post-TPS 
mobility restrictions for shoulder and arm activities, since the TPS is not tethered to a lead. TPS mobility restric-
tions, as defined by the implanting physicians, are primarily associated to the femoral puncture and 27Fr outer 
diameter sheath. Patients are mandated bed rest following TPS, to mitigate the risk for vascular complications at 
the groin puncture site. The duration of bedrest is at the physicians’ discretion, in general with a minimum of 6 
hours often until the next morning. TPS patients are instructed to mobilize prior to discharge. It is recommended 
that patients avoid heavy physical activity, such as heavy lifting, and sports for at least three days. In principle, 
subsequent to the initial 3 days post-TPS there is no need for mobility restrictions unless patients develop select-
ed procedure-related complications. Less restrictive mobility restrictions are important since they might result 
in fewer complications related to bedrest, such as deep venous thrombosis and pneumonia (22). A minority of 
implanting physicians (4%) considered TPS as more restrictive mostly as a consequence of prolonged immobiliza-
tion post-procedure. It is conceivable that the large venous sheaths used for the deployment of the leadless PM 
potentially cause complications at the groin puncture site (e.g. hematomas, pseudoaneurysm and arteriovenous 
fistulas) and therefore might account for the prolonged bed rest (5). However, Reynolds et al. demonstrated that 
only 0.7% of the patients developed a severe adverse event at the groin puncture site, but this number might not 
include incision site bleedings which are conservatively contained (5).

Perspectives and recommendations
The 12-month results showed that TPS improved HRQoL in patients with symptomatic bradycardia. This makes 
TPS a viable treatment option in patients indicated for ventricular pacing therapy. More studies are required to 
evaluate the impact of TPS on HRQoL beyond 12 months post-implant.

Limitations
The SF-36 is a well-validated and widely used tool to assess general HRQoL. However, it does not allow for a 
distinction whether the effect we observed was due to leadless pacing or pacing per se. Additional tools to fur-
ther dissect the value of the minimally invasive approach of the TPS, might be valuable in future studies. Further, 
although a large majority of patients was (very) satisfied with the esthetic appearance after TPS, it is unclear 
what the relevance of esthetics is in octogenarians.

Conclusion
In this large contemporary single-chamber PM cohort TPS resulted in post-implant HRQoL improvements at 3 
and 12 months, along with high levels of patient satisfaction at 3 months. Further, TPS was associated with less 
mobility restrictions compared to conventional PM systems.
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