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Introduction: Evidence of sex-related differences in patients with pacemakers regarding comorbidities is insufficiently investigated. The aim of this study was to determine the relationship of cardiovascular comorbidities and sex category with properties of pacemaker implantation, pacemaker follow-up, and long-term survival.

Methods: This retrospective, single-center cohort study consisted of 6,362 pacemaker-patients (39.7% female) enrolled between May 2000 and April 2015. Functional pacemaker parameters were registered at regular pacemaker controls. Survival status and cause of death were analyzed in relation to comorbidities, implanted pacing devices, and echocardiography. Survival analyses were plotted for a 10-year follow-up.

Results: Patients with hypertension or hyperlipidemia had higher rates of implantations due to sick sinus syndrome (28.6 vs. 25.5% without hypertension, P < 0.001; 30.7 vs. 25.7% without hyperlipidemia, P < 0.001), while endocarditis was associated with higher rates of implantations due to AV block (46.7 vs. 33.4%, P < 0.001). Patients with valvular heart disease had higher rates of pacemaker implantation due to bradycardic atrial fibrillation (24.9 vs. 21.0% without valvular heart disease, P < 0.001). Ventricular pacing threshold increased in both sexes during the follow-up and was higher in women in the final follow-up (0.94 vs. 0.91 V in men, P = 0.002). During the 10-years follow-up, 6.1% of women and 8.6% of men underwent lead replacement (P = 0.054). Device and lead replacement rates were increased if the comorbidities coronary artery disease, heart failure, hypertension, hyperlipidemia, valvular heart disease, previous stroke/TIA, atrial arrhythmias, chronic kidney disease, or endocarditis were present. Diabetes and previous CABG increase the rates of device replacement, but not the rate of lead replacement. Severe tricuspid regurgitation after implantation of pacemaker was present in more men than women (14.4 vs. 6.1%, P < 0.001). In a multivariate COX regression, the following variables were associated with independent decrease of 10-year survival: hypertension (HR 1.34, 95% CI 1.09–1.64), chronic kidney disease (HR 1.83, 95% CI 1.53–2.19), tricuspid regurgitation after pacemaker implantation (HR 1.48, 95% CI 1.26–1.74). Survival was independently increased in female sex (HR 0.83, 95% CI 0.70–0.99) and hyperlipidemia (HR 0.81, 95% CI 0.67–0.97).

Conclusions: Cardiovascular comorbidities influenced significantly pacemaker implantations and long-term outcome.

Trial Registration: ClinicalTrials.gov Unique identifier: NCT03388281.
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INTRODUCTION

Implantation of cardiac pacemakers (PMs) is a well-established therapy for patients with bradycardic arrhythmia. Dual-chamber PMs are predominantly used, while the implantations of single-chamber PMs are limited to permanent atrial fibrillation or certain clinical circumstances (1, 2). Upgrade of PMs to cardiac resynchronization therapy devices or automatic implantable defibrillators have their specific indications.

Men and women with cardiovascular diseases differ in their clinical presentation as well as their diagnostic and therapeutic needs. Sex differences are well-investigated in cardiac arrhythmias: rate control is more common than rhythm control compared to men, leading to less frequent PM implantation in women (3).

Assessment of device therapy for bradycardic rhythm disturbances has revealed clinically relevant sex differences in cardiac arrhythmia studies (4). Most countries have established central databases of implanted devices and prospectively register all patients receiving device therapy (5, 6). However, these databases might lack clinical and survival data or functional follow-up of PM systems. In previous studies, survival was combined with demographic data, sex, baseline PM data, or comorbidities (7–9). Prospective trials frequently lack long-term follow-up or must exclude patients with significant comorbidities, whereas retrospective databases can reflect a real-world scenario.

To the best of our knowledge, no study has yet addressed long-term survival of PM patients revealing sex differences combined with clinically relevant comorbidities and functional PM lead parameters.

The aim of our study was to investigate sex and device differences at implantation and in a long-term follow-up, and the influence of single-, or dual-chamber PM implantation and comorbidities on survival in patients receiving a PM for bradycardic arrhythmia.



METHODS


Study Design

This retrospective analysis is based on all PM patients at the outpatient clinic of the Department of Cardiology at the Medical University of Vienna between May 2000 and April 2015, who had regular check-ups of the PM in the specialized outpatient ward (6,362 of the 11,444 patients in the database). The remaining patients (5,082 out of 11,444 patients) were not enrolled in the subgroup analyses, because routine PM check-ups and follow-ups were performed in other institutions (Supplementary Table 1).

This study was performed in line with the principles of the Declaration of Helsinki. Approval was granted by the Ethics Committee of the Medical University of Vienna (EK Nr: 1525/2015). This study was registered at clinicaltrials.gov (NCT03388281).



Study Endpoints

The primary endpoint of the study was the sex differences in 10-year survival after PM implantation. The secondary endpoints were implantation rates of single- or dual-chamber PM and survival in women and men. Other pre-defined outcome measures were the sex differences, regarding (1) the age at the time of the first single or dual-chamber device implantation, (2) time to device or lead replacement, (3) influence of comorbidities, and (4) functional lead parameters.



Patients

Patients were included into the current analysis if they had regular control in the PM outpatient clinic. Personal patient information (sex, age, comorbidities, indication for PM implantation, device type) were collected. Comorbidities included coronary artery disease (CAD) confirmed by heart catheterization, symptoms of heart failure with reduced ejection fraction (HFrEF), diabetes, hypertension, hyperlipidemia, previous myocarditis, presence of peripheral or carotid atherosclerotic vascular disease, valvular heart disease (VHD) including significant regurgitation or stenosis of aortic/mitral/tricuspid/pulmonary valve, tricuspid regurgitation after PM implantation, previous stroke or transient ischemic attack (TIA), previous coronary artery bypass graft surgery (CABG), atrial arrhythmias including paroxysmal or permanent atrial flutter or atrial fibrillation or subclinical arrhythmias detected by device interrogation, chronic kidney disease, and endocarditis.

Demographic and patient-specific data were extracted from the hospital information system. Mortality data (cause and time of death) were obtained from the Federal Institute under Public Law “Statistics Austria” in March 2016. Cause of death was reported as an International Classification of Diseases (ICD)-10 coded diagnosis and categorized as cardiovascular death (ICD codes I00-I99), tumor-related death (ICD codes C00-D48), or other cause of death.

Device and lead implantation dates (first and re-implantation), indication for implantation, and functional parameters of PM leads (pacing threshold, lead impedance) were collected. Reasons for further interventions were categorized into device or lead replacement due to need of generator change (runs out) or lead disturbances, such as endocarditis, thrombosis, or sensing or pacing defect. Single-chamber PMs were defined by single atrial or ventricular lead devices. Devices with both atrial and ventricular leads were classified as dual-chamber PMs. Indications for device implantation considered the following categories: atrioventricular block, sick sinus syndrome, permanent bradycardic atrial fibrillation and bundle branch block. The category “unspecified” was used in case of a non-documented indication. Implantable cardioverter defibrillators (ICD) were excluded from the current analysis, as this collective represents a specific patient population. For lead impedance and pacing threshold statistics, we used the parameters at first PM implantation and last control of PM for each patient.




STATISTICAL ANALYSES

Continuous variables were tested for normal and non-normal distribution, and means ± standard deviations, median, and interquartile ranges (IQRs) were calculated, respectively.

Statistical analyses were performed with SPSS software (version 21.0; Macintosh; SPSS IBM). Groups with continuous variables were compared with the t-test (normal distribution) or with the Mann–Whitney U-test (non-normal distribution). Groups of discrete variables were compared with the chi-square test.

Kaplan–Meier survival analysis was plotted for a 10-year follow-up period starting with first PM implantation and supplemented with the log-rank test, including only patients who completed the 10-year follow-up or had death registered within the 10-year follow-up. Age-related survival (independent from the longevity of the follow-up) was also plotted by Kaplan–Meier in pre-specified cases. Multivariate COX regression was used to adjust survival in women and men for comorbidities, and in patients with single- or dual-chamber PM for first implantation age. Hazard ratio and 95% Confidence Interval were reported. A two-sided P < 0.01 was considered statistically significant.



RESULTS


Clinical Data

Patients (6,362 of the 11,444 patients in the database) with regular clinical controls were included in the database analysis; 2,523 were women (39.7%) and 3,839 were men (60.3%). Baseline parameters from included and excluded patients are shown in Supplementary Table 1.

Mortality data were available for 6,347 (99.8%) patients with a total of 31,762 patient follow-up years. Electronic hospital recordings of implantation indication, age at first implantation, and comorbidities were available for 6,362 (100%), 6,281 (98.7%), and 6,362 (100%) patients, respectively.

Figure 1, Table 1, and Supplementary Table 2 illustrate the baseline clinical data. The sexes differed significantly in the indication for PM implantation: sick sinus syndrome was recorded more often in women, while atrioventricular block was more frequent in men. Women were significantly older than men at the time of the first PM implantation and less frequently diagnosed with CAD, HFrEF, previous CABG, chronic kidney disease or a combined diagnosis of “any atherosclerosis,” compared to men receiving PM. Women suffered more frequently from valvular heart diseases.


[image: Figure 1]
FIGURE 1. Baseline parameters (age and indication of device implantation) of patients receiving pacemaker. (A) Age distribution of women and men at the time of first PM implantation. (B) Sex differences in PM implantation. (C) Median first implantation age (99% confidence interval) for patients with different implantation indications. *indicates P < 0.01. AV block, atrioventricular block; BBB, bundle branch block; brady. AF, bradycardic atrial fibrillation; SSS, sick sinus syndrome.



Table 1. Comorbidities and functional pacemaker data.
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Types of PM were recorded in 5,761 patients. Single- and dual-chamber PMs were implanted in 780 (34.6%) and 1,477 (65.4%) women, respectively, and in 1,218 (34.8%) and 2,286 (65.2%) men, respectively, with no difference between sexes (P = 0.876). The vast majority of single chamber PMs were represented by PMs with single ventricular leads (1,976 out of 1,998 PM, 98.9%). The rest of single chamber PMs consisted out of PMs with single atrial leads (22 out of 1,998 PMs, 1.1%).



Primary Outcome: Sex-Related Survival

Figure 2A lists sex-related mortality data and causes of death in the 6,347 patients, 4,579 patients of them (72.1%) completed the 10-year follow-up., while the remaining patients had a follow-up <10 years. No sex differences were detected in case of cardiovascular death or other causes of death. Tumor-related deaths were more frequent in men compared to women (8.6 vs. 6.2%, P < 0.001). Figure 2B shows the Kaplan–Meier survival plot of 31,762 years of patient follow-up in 4,579 patients with a completed 10-year follow-up. Women had significantly better survival rates compared to men: 48.7% of women and 43.2% of men survived to the 10-year follow-up (P < 0.001). Figure 2C illustrates the cumulative age-related survival of our patient population.


[image: Figure 2]
FIGURE 2. Survival and cause of death in patients with pacemaker. (A) Cause of death including period from 2000 to 2015. (B) Survival in the selected 10-years follow-up after first PM implantation. (C) Cumulative survival in women and men with pacemaker displayed in total patient age. Follow-up of patients with a maximum age of up to 105 years was possible. Source of our survival analysis were data from the Austrian Federal Institute “Statistics Austria,” and 100% of enrolled patients had a complete match with the dataset of “Statistics Austria”.


In a multivariate COX analysis adjusted for sex, comorbidities, and data from echocardiography, 10-year survival was independently increased by female sex and hyperlipidemia, and was independently decreased by hypertension, kidney disease and tricuspid regurgitation post-PM implantation (Supplementary Figure 1).



Secondary Outcomes: Rates of Single- or Dual-Chamber Implantation, Device Replacement, and Comorbidities

Patients with a single-chamber PM had a median first implantation age of 75.1 years (IQR 67.0–81.1) compared to 73.4 years (IQR 65.1–80.0) for dual-chamber PM (P < 0.001). None of the patients with single-chamber PM had prior AV node ablation.

Neither women nor men with dual-chamber PMs had better survival rates compared to those with single-chamber PMs (Figure 3A). To note, the type of implanted PM depended on the type of the rhythm disturbances, therefore a direct comparison is not fully reasonable. Women had a 10-year survival rate of 44.6% with dual-chamber vs. 42.2% with single-chamber PM, and men had a 10-year survival rate of 39.5% with dual-chamber vs. 39.4% with single-chamber PM. In the subgroup analysis adjusted for first implantation age, survival was not influenced by single- or dual-chamber pacemakers, if the choice of single- or dual-chamber pacemaker was clinically justified (Supplementary Figure 2). In a vast majority of permanent bradycardic atrial fibrillation, single chamber pacemakers were implanted. Bundle brunch block as indication for pacemaker implantation was <1% of all cases. Therefore, these two indications were not included to the COX regression.


[image: Figure 3]
FIGURE 3. Outcome in single- and dual-chamber pacemakers. (A) 10-year survival after first PM implantation for single- and dual-chamber PMs; P = 0.003 for comparison of women and men with dual-chamber PMs; P = 0.038 for the comparison of women and men with single-chamber PMs. (B) Cumulative incidence of device or lead replacements in a 10-year follow-up. (C) Cumulative incidence of lead replacements for single- and dual-chamber PMs in a 10-year follow-up. Kaplan–Meier plots show the number of events censored and number of remaining cases at years 0, 2, 4, 6, 8, and 10.


The need for a device or lead replacement was comparable between women and men (Figure 3B). As indicated in Figure 3C, patients with dual-chamber PM had a trend to a higher incidence of lead replacement compared to having a single-chamber PM (8.3 vs. 5.8%, P = 0.070). During the 10-years follow-up, 6.1% of women and 8.6% of men underwent lead replacement (P = 0.054).

Table 2 details patient functional PM parameters. Between the first and last follow-up of the PM, a median time of 3.2 years (IQR 0.5–6.9) in women and 2.5 years (IQR 0.2–6.5) in men elapsed (P < 0.001).


Table 2. Functional pacemaker data.
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Supplementary Table 3 and Supplementary Figure 3 show the age distribution, indication for device implantation, survival analysis, age at first implantation, and functional PM parameters in different comorbidities.

Men with diabetes had a significantly lower median age at first implantation [71.6 years [IQR 64.5–77.5]] compared to women with diabetes [74.9 years [IQR 67.2–79.9], P < 0.001]. After 10 years, 43.7% of women with diabetes and 43.7% of men with diabetes were still alive (P = 0.96). No differences in survival rates were found when comparing men with and without diabetes. Women with diabetes, however, had a significantly lower 10-year survival when compared to women without diabetes (43.7 vs. 55.2%, P < 0.001). Diabetes had no influence on frequency of device or lead replacements.

Patients with hypertension (28.6 vs. 25.5%, P < 0.001) and hyperlipidemia (30.7 vs. 25.7%, P < 0.001) had significantly more often sick sinus syndrome as implantation indication, while endocarditis led more frequently to AV block (46.7 vs. 33.4%, P < 0.001) and valvular heart disease to bradycardic atrial fibrillation (24.9 vs. 21.0%, P < 0.001), compared to patients without these comorbidities.

Device and lead replacement rates were increased if the patient had CAD, HFrEF, hypertension, hyperlipidemia, VHD, Stroke/TIA, atrial arrhythmia, chronic kidney diseases, or endocarditis. Diabetes and previous CABG increased device replacement rate, but not the rate of lead replacement.



Further Outcome Parameters: Device and Functional Lead Data

Ventricular lead impedance was significantly higher in women at the final follow-up (P = 0.002). Ventricular pacing threshold increased during the longitudinal follow-up for both women and men (P < 0.001), but was higher in women in the final follow-up. Atrial pacing threshold increased during the longitudinal follow-up in men, but not in women (P = 0.003 and P = 0.491, respectively). Ventricular lead impedance was increased at the final follow-up in women, but not in men.



Cardiac Resynchronization Therapy

CRT was the first implanted device in 84 women (3.3%) and 176 men (4.6%, P = 0.013). A CRT-Upgrade from a single- or dual-chamber PM was conducted in 24 women (1.0%) and in 67 men (1.7%, P = 0.009).

Out of 6,362 patients, in total 351 patients (5.5%) had an additional lead for CRT at the end of the follow-up, consisting of 108 women (4.3%) and 243 men (6.3%, P = 0.001). Due to the relative low number of the female patients with CRT device, no further subanalysis was performed.




DISCUSSION

This is the first single-center cohort study combining a large-scale PM database and long-term follow-up parameters revealing important sex differences in survival and relevant comorbidities.

We found that (1) women are significantly older (2 years on average) than men at the time of first PM implantation; (2) in spite of higher age at the implantation, women have a better 10-year survival than men; (3) device and lead replacement incidence is similar in men and women; (4) patients with single-chamber PMs implanted mostly due to permanent bradycardic AF have similar 10-year survival rates as patients with dual-chamber PMs with diverse, mostly non-AF PM indications; (5) men with PM have a higher prevalence of cardiovascular risk factors compared to women with PM; (6) Concomitant hypertension, chronic kidney disease and tricuspid regurgitation after PM implantation decreased survival in both sexes. Diabetes and previous CABG were associated with higher mortality in women, but not in men; (7) Hypertension and hyperlipidemia were associated with more implantation due to sick sinus syndrome, endocarditis to more AV blocks, and valvular heart diseases to more bradycardic AF.


Survival

Overall, our PM registry showed a better survival rate for women than men. According to the latest national survival data, a 75-year old woman and a 73-year old man have an estimated life expectancy of 87.9 and 85.0 years, respectively (10). In our Kaplan–Meier analysis, 53.0% of women and 52.4% of men where alive at these ages. Patients requiring PM suffer from cardiovascular disorders leading to symptomatic bradycardia or life-threatening bradycardic heart rhythm disturbances. Referring to an unmatched patient population of the Federal Institute under Public Law “Statistics Austria,” survival of the here investigated PM-patient cohort was similar to the general population, suggesting the restoration of the life expectancy by PM (10).

Our findings on prevalence of sick sinus syndrome and atrioventricular block are comparable to other large-scale analyses of patients with PMs, such as the current data from the Swedish ICD and PM registry (6). This might be explained by a sex-dependent variation of fibrosis or other degenerative diseases of the sinus and atrioventricular nodes. Comorbidities associated with enlargement of the atria (one frequent reason of sick sinus syndrome), such as HFrEF were more frequent in men than women. By contrast, among PM implantation indications, women and men with permanent bradycardic atrial fibrillation experienced similar 10-year survival.

Brunner et al. (9) and Varma et al. (11) published long-term survival and associated risk factors comparable to our study, but our trial included important data regarding comorbidities in association with PM implantation, longitudinal functional PM-data, and rates of device- and lead-replacement.

We detected no significant influence on 10-year survival for single- or dual-chamber PMs in women or men, albeit the indications and clinical conditions for single or dual-chamber PM are different. However, according to data in the literature, dual-chamber PMs are tied to a better quality of life, which favors them (9, 12, 13).

Some evidence suggests that the cause of death in patients with PMs is cardiovascular (8, 14). However, studies with fewer patients have also found high rates of non-cardiac death (7). In our thorough survival analysis, we identified high rates of cardiovascular mortality, which was equal between the sexes. Higher rates of tumor-related death in men reflect the cause of death statistics of the Austrian population, where 28.5% of men vs. 23.5% of women died a tumor-related death in 2016 (10).



Demographic Data

More men were treated with PM than were women, with a greater sex difference in our cohort than previously reported for other cohorts (4, 15, 16).

Women received their first PM ~2 years later than men, which is consistent with other studies (9, 17). Reasons for higher female age at first PM implantation and superior survival of women in the PM cohort and also in the general population might correspond with the significant lower prevalence of comorbidities, especially atherosclerotic illnesses as compared with men.

Almost identical rates of single- or dual-chamber PM implantations in men and women were observed, contrasting previously published reports that dual-chamber devices are favored in men (18). However, these earlier studies showed no sex-related differences in implantation rates of single- or dual-chamber PMs, pointing out inconsistencies in the literature (19).

High-quality data from the Swedish PM registry starting from 1989, showed a 10-year device replacement rate of 67%, compared to 42.9% in our analysis (15). This difference might be explained by the significant developments in battery life and type of pacing, influencing the battery demands, especially in the last 15 years.

The 10-year lead replacement rate of 7.6% in our cohort is concordant with the results of Helguera et al. (20) who reported a 10-year rate of 7.1%. The Swedish PM registry yielded rates of 2%, which included only cases with parallel lead extraction. Our PM database also classifies cases in which new leads are implanted with retention of the old leads. The rather low rate of lead replacements may be of relevance in upcoming novel technologies regarding leadless pacing.

Pacing thresholds can be influenced by various cardiovascular comorbidities, such as myocardial ischemia or electrolyte disorders, as well as antiarrhythmic drugs (21, 22). Morphological changes in the heart, such as diastolic dysfunction, are more often described in elderly women than in men, which might explain sex differences in lead impedance and increased pacing thresholds in the longitudinal follow-up, although absolute changes in lead impedance could be interpreted as subclinical (23, 24). Lead impedance underlies an interindividual variability and is influenced by different lead types, as high and low impedance leads with active or passive fixation mechanisms exist.



Comorbidities

Diabetes seems to affect the conduction system, leading to higher rates of PM implantation (25, 26). In our study, men's survival was not influenced by diabetes, whereas survival of women with diabetes decreased remarkably compared to those without it, revealing an important sex difference.



Study Limitations

The main limitation of this study is its retrospective nature. Patients could have had device/lead replacements or follow-up at other hospitals. The single-center design represents a limitation, although this could be widely compensated by a high number of included patients with a long-term follow-up. Validation of data by the expertise of our interdisciplinary team consisting of cardiologist, cardiac surgeons, and IT-experts minimized the limitation of the single-center design. No data regarding history of smoking, drug therapy or antithrombotic medication were available in more than half of the patients, therefore, these factors were not included in the analysis.

Concerning our survival analysis, it is possible that the observed differences reflect the demographic phenomenon of lower life expectancy in men. Previous studies with matched controls have shown similar survival rates of patients with and without PM (7, 8, 27). However, this limitation affects only the overall survival analysis and not the subgroup analysis. The selected comorbidities in our sub-analysis have shown a potential impact on survival. Further analyses with specific subgroups and detailed data on exchange of PM aggregate and leads are currently on-going. Due to the relatively low number of patients with CRT devices, we have not further analyzed this subgroup.

A combined CRT-PM device or CRT-ICD should be considered for patients with heart failure at the first implant, if the patient fulfills the criteria for CRT. However, this analysis requires a separate study, as this cohort would represent a specific patient population with specific indication for intracardiac device implantation.

Patients receiving their PM early 2000 might have older PM aggregates or leads, influencing the pacing strategy, battery status, or implantation details, and thereby the PM-related morbidities and mortality. As these aging patients receiving their PM before 2005 (with a first implantation age of median 72 years if PM was implanted before 2005, Supplementary Table 4) have naturally higher mortality during the next 10–15 years than the patients with a shorter follow-up, an adjustment of the Cox regression with implantation year would be automatically biased.

Our database did not contain sensing parameters, but the atrial and ventricular pacing threshold data might mirror the vulnerability or resistance of the underlying myocardium (21, 22).




CONCLUSION

Women with PM have a better 10-year survival than men with PM and are on average 2 years older at the time of first PM implantation. Single-chamber PMs yield a similar 10-year survival rate compared to dual-chamber PMs in both women and men. Cardiovascular comorbidities influence the PM implantation indication, and are associated with higher rates of device and lead replacements.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Ethics Committee of the Medical University of Vienna. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



AUTHOR CONTRIBUTIONS

MR, MGy, AS, FR, HS, TP, GS, AA, and MA were responsible for conception and design of the study. MR, MGy, FR, HS, AB, CS, CK, and MA contributed substantially to data acquisition. MR, MGy, AS, and MA were part of the data analysis committee. MR, MGy, AS, HS, TP, CS, MGw, GS, AA, CK, MA, GL, and CH contributed to data interpretation. TW was responsible for acquisition of survival data and comorbidities. MR and MGy drafted the manuscript. All authors contributed substantially to critical revising of the manuscript for important intellectual content, to the final approval of the version to be published, and agreed to be accountable for all aspects of the work.



FUNDING

This study was supported by the European Union's Horizon 2020 Future and Emerging Technologies Programme [CResPace, Grant no. 732170].



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2020.569060/full#supplementary-material



REFERENCES

 1. Writing Committee Members, Kusumoto FM, Schoenfeld MH, Barrett C, Edgerton JR, Ellenbogen KA, et al. 2018 ACC/AHA/HRS guideline on the evaluation and management of patients with bradycardia and cardiac conduction delay: a report of the American college of cardiology/American heart association task force on clinical practice guidelines and the heart rhythm society. Heart Rhythm. (2019) 16:e128–226. doi: 10.1016/j.jacc.2018.10.043

 2. Gillis AM, Russo AM, Ellenbogen KA, Swerdlow CD, Olshansky B, Al-Khatib SM, et al. HRS/ACCF expert consensus statement on pacemaker device and mode selection. Developed in partnership between the Heart Rhythm Society (HRS) and the American College of Cardiology Foundation (ACCF) and in collaboration with the society of thoracic surgeons. Heart Rhythm. (2012) 9:1344–65. doi: 10.1016/j.hrthm.2012.06.026

 3. Di Fusco SA, Palazzo S, Colivicchi F, Santini M. The influence of gender on heart rhythm disease. Pacing Clin Electrophysiol. (2014) 37:650–7. doi: 10.1111/pace.12369

 4. Debski M, Ulman M, Zabek A, Haberka K, Lelakowski J, Małecka B. Gender differences in dual-chamber pacemaker implantation indications and long-term outcomes. Acta Cardiol. (2016) 71:41–5. doi: 10.1080/AC.71.1.3132096

 5. Jiménez MP, Pérez OC, Carreño DL, García JC. Spanish pacemaker registry. 15th official report of the Spanish society of cardiology working group on cardiac pacing 2017. Rev Espanola Cardiol Engl Ed. (2018) 71:1059–68. doi: 10.1016/j.rec.2018.08.015

 6. Swedish ICD & Pacemaker Registry Annual Statistical Report. (2016). Available online at: https://www.pacemakerregistret.se/icdpmr/docbankView.do?id=-er3_cQ----L5IbpfS-vGP9o (accessed July 10, 2019).

 7. Udo EO, van Hemel NM, Zuithoff NPA, Doevendans PA, Moons KGM. Prognosis of the bradycardia pacemaker recipient assessed at first implantation: a nationwide cohort study. Heart. (2013) 99:1573–8. doi: 10.1136/heartjnl-2013-304445

 8. Bradshaw PJ, Stobie P, Knuiman MW, Briffa TG, Hobbs MST. Life expectancy after implantation of a first cardiac permanent pacemaker (1995-2008): a population-based study. Int J Cardiol. (2015) 190:42–6. doi: 10.1016/j.ijcard.2015.04.099

 9. Brunner M, Olschewski M, Geibel A, Bode C, Zehender M. Long-term survival after pacemaker implantation. Prognostic importance of gender and baseline patient characteristics. Eur Heart J. (2004) 25:88–95. doi: 10.1016/j.ehj.2003.10.022

 10. Statistik Austria. Demographisches Jahrbuch 2016. Verlag Österreich GmbH (2017). Available online at: http://www.statistik.at/wcm/idc/idcplg?IdcService=GET_NATIVE_FILE&RevisionSelectionMethod=LatestReleased&dDocName=115701 (accessed March 2, 2020).

 11. Varma N, Mittal S, Prillinger JB, Snell J, Dalal N, Piccini JP. Survival in women versus men following implantation of pacemakers, defibrillators, and cardiac resynchronization therapy devices in a large, nationwide cohort. J Am Heart Assoc. (2017) 6:e005031. doi: 10.1161/JAHA.116.005031

 12. Dretzke J, Toff WD, Lip GYH, Raftery J, Fry-Smith A, Taylor R. Dual chamber versus single chamber ventricular pacemakers for sick sinus syndrome and atrioventricular block. Cochrane Database Syst Rev. (2004) 2004:CD003710. doi: 10.1002/14651858.CD003710.pub2

 13. Ouali S, Neffeti E, Ghoul K, Hammas S, Kacem S, Gribaa R, et al. DDD versus VVIR pacing in patients, ages 70 and over, with complete heart block. Pacing Clin Electrophysiol. (2009) 33:583–9. doi: 10.1111/j.1540-8159.2009.02636.x

 14. Flaker G, Greenspon A, Tardiff B, Schron E, Goldman L, Hellkamp A, et al. Death in patients with permanent pacemakers for sick sinus syndrome. Am Heart J. (2003) 146:887–93. doi: 10.1016/S0002-8703(03)00429-0

 15. Gadler F, Valzania C, Linde C. Current use of implantable electrical devices in Sweden: data from the Swedish pacemaker and implantable cardioverter-defibrillator registry. Europace. (2015) 17:69–77. doi: 10.1093/europace/euu233

 16. Nowak B, Misselwitz B, Erdogan A, Funck R, Irnich W, Israel CW, et al. Do gender differences exist in pacemaker implantation? Results of an obligatory external quality control program. Europace. (2010) 12:210–5. doi: 10.1093/europace/eup312

 17. Pyatt JR, Somauroo JD, Jackson M, Grayson AD, Osula S, Aggarwal RK, et al. Long-term survival after permanent pacemaker implantation: analysis of predictors for increased mortality. Europace. (2002) 4:113–9. doi: 10.1053/eupc.2002.0233

 18. Schüppel R, Büchele G, Batz L, Koenig W. Sex differences in selection of pacemakers: retrospective observational study. BMJ. (1998) 316:1492–4. doi: 10.1136/bmj.316.7143.1492

 19. Veerareddy S, Arora N, Caldito G, Reddy PC. Gender differences in selection of pacemakers: a single-center study. Gend Med. (2007) 4:367–73. doi: 10.1016/S1550-8579(07)80066-0

 20. Helguera ME, Maloney JD, Pinski SL, Woscoboinik JR, Wilkoff BL, Castle LW. Long-term performance of endocardial pacing leads. Pacing Clin Electrophysiol. (1994) 17:56–64. doi: 10.1111/j.1540-8159.1994.tb01351.x

 21. Levine PA, Love CJ. Pacemaker diagnostics and evaluation of pacing system malfunction. In: Ellenhogen K, Kay G, Wilkoff B, editors. Clinical Cardiac Pacing and Defibrillation. Philadelphia, PA: WB Saunders (2000). p. 827–75.

 22. Dohrmann ML, Goldschlager NF. Myocardial stimulation threshold in patients with cardiac pacemakers: effect of physiologic variables, pharmacologic agents, and lead electrodes. Cardiol Clin. (1985) 3:527–37. doi: 10.1016/S0733-8651(18)30650-7

 23. Masoudi FA, Havranek EP, Smith G, Fish RH, Steiner JF, Ordin DL, et al. Gender, age, and heart failure with preserved left ventricular systolic function. J Am Coll Cardiol. (2003) 41:217–23. doi: 10.1016/S0735-1097(02)02696-7

 24. Ferreira RG, Worthington A, Huang CC, Aranki SF, Muehlschlegel JD. Sex differences in the prevalence of diastolic dysfunction in cardiac surgical patients. J Card Surg. (2015) 30:238–45. doi: 10.1111/jocs.12506

 25. Podlaha R, Falk A. The prevalence of diabetes mellitus and other risk factors of atherosclerosis in bradycardia requiring pacemaker treatment. Horm Metab Res Suppl Ser. (1992) 26:84–7.

 26. Lear JT, Lawrence IG, Burden AC. Prevalence of diabetes in elderly patients requiring permanent cardiac pacemaker insertion. Acta Diabetol. (1996) 33:169–70. doi: 10.1007/BF00569430

 27. Jelić V, Belkić K, Djordjević M, Kocović D. Survival in 1,431 pacemaker patients: prognostic factors and comparison with the general population. Pacing Clin Electrophysiol PACE. (1992) 15:141–7. doi: 10.1111/j.1540-8159.1992.tb03057.x

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Riesenhuber, Spannbauer, Rauscha, Schmidinger, Boszotta, Pezawas, Schukro, Gwechenberger, Stix, Anvari, Wrba, Khazen, Andreas, Laufer, Hengstenberg and Gyöngyösi. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fcvm-07-569060-t002.jpg
Ventricular pacing threshold (V) N = 5,498
Atrial pacing threshold (V) N = 3,291
Ventricular lead impedance (Ohm) N = 5,420
Atial lead impedance (Ohm) N = 3,838
Last control

Ventricular pacing threshold (V) N = 5,913
Atial pacing threshold (V) N = 3,020
Ventricular lead impedance (Ohm) N = 5,747
Atial lead impedance (Ohm) N = 3,658

Median and IQR of pacemaker parameters of first and last controls.
P < 0.01 for women vs. men, in bold.

Women
Median (IQR)

06(0.5-1.0)

0.75 (0.5-1.0)
664 (211)
530 (163)

0.75 (0.6-1.0) Mean 0.94
0.75 (0.5-1.0) Mean 0.86
650 (243)

535 (322)

Men
Median (IQR)

06(05-1.0)

0.75 (0.5-1.0)
651 (269)
547 (220)

0.75 (0.5-1.0) Mean 0.91
0.75 (0.6-1.0) Mean 0.89
625 (189)

524 (140)

P-value

0.230
0.491
0.042
0214

0.002
0.041
<0.001
0.189





OPS/images/fcvm-07-569060-g003.gif
‘Cumiasvo ReplacamontRoto

AR RRRRRREE]
[ et RPN
et e
TTETETE & o4 e
TETE e o4 o8 aws






OPS/images/fcvm-07-569060-t001.jpg
Comorbidities

Coronary artery disease
Heart failure (HFFEF)
Diabetes

Hypertension
Hyperlipidemia
Myocarditis

Any atherosclerosis
Valvular heart disease
Previous stroke or TIA
Previous CABG

Atial arthythmia

Chronic kidney disease
Endocarditis

Systolic LV function
LVEF normal

mild LVEF reduction
moderate LVEF reduction
severe LVEF reduction
Tricuspid regurgitation
no/mild TR

moderate TR

severe TR

Women

724 (28.7%)
626 (24.8%)
459 (18.2%)
1,205 (47.8%)
623 (24.7%)
2(0.1%)

924 (36.6%)
661 (26.2%)
180 (7.1%)
84(3.3%)

327 (13.0%)
346 (13.7%)
95 (3.8%)

869 (75.6%)
136 (11.8%)
74 (6.4%)
70(6.1%)

446 (49.7%)
295 (32.9%)
157 (17.5%)

Men

1,511 (39.4%)
1,367 (35.6%)
797 (208%)
1,961 (51.1%)
1,101 (28.7%)
8(0.2%)
1,820 (47.4%)
896 (23.3%)
316 (8.2%)
260 (6.8%)
573 (14.9%)
723 (18.8%)
147 (3.8%)

991 (54.0%)
313 (17.0%)
267 (14.5%)
265 (14.4%)

849 (60.8%)
399 (28.6%)
148 (10.6%)

P-value

<0.001
<0.001
0.012
0010
<0.001
0.203
<0.001
0.009
0.110
<0.001
0.028
<0.001
0.897

<0.001
<0.001
<0.001
<0.001

<0.001
0.08
<0.001

Relevant comorbidities in patients with PM (total and in %). Systolic LV function and
tricuspid regurgitation assessed by echocardiography was available for N = 2,985 and N
= 2,294 patients, respectively. P < 0,07 for women vs. men, in bold.
CABG, coronary artery bypass grat; LVEF, left ventricular ejection fraction; TIA, transient
ischemic attack; TR, tricuspid regurgitation.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Sex Differences and Long-Term Outcome in Patients With Pacemakers



		Introduction



		Methods



		Study Design



		Study Endpoints



		Patients







		Statistical Analyses



		Results



		Clinical Data



		Primary Outcome: Sex-Related Survival



		Secondary Outcomes: Rates of Single- or Dual-Chamber Implantation, Device Replacement, and Comorbidities



		Further Outcome Parameters: Device and Functional Lead Data



		Cardiac Resynchronization Therapy







		Discussion



		Survival



		Demographic Data



		Comorbidities



		Study Limitations







		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Cardiovascular Medicine

Sex Differences and Long-Term
Outcome in Patients With
Pacemakers





OPS/images/fcvm-07-569060-g001.gif
Women (otal)  Men (total) .

100 100
7
£ wjns 0 AV bock
g [weam
]
sss
o] <0
(Derady. AF
ksl 2 Oees
—
ol
ahozdo o o bz Wen  ten
o batent o

$ 8883388 %






OPS/images/fcvm-07-569060-g002.gif
Cause of death Total

Women Men Pvalue
n=6347 n=2518 0=3620

Total deaths 3388 (53.4%) | 1300 (51.6%) 2088 (54.5%) 0023

Cardiovascular deaihs | 1892 (29.8%) | 756 (300%) 1136 297%) 0762

Tumor-related deaths | 488 (77%) | 157(62%)  331(88%) <0001

Other deaths 1008(15.9%) | 387(15.4%)  621(162%) 0365

¢ 10

Suvival

01234567881 % 6 75 8 95 105
Women 0 212 404 616 781 935 Events

23 1811 1410 1207 102 888 No.lot
Men 0 447 762 1106 1355 1565 Events
2756 2309 1074 1650 1400 1191 No.loft









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Cardiovascular Medicine





