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Aims: Remote monitoring for patients with cardiac implantable electronic devices (CIEDs) is well established in clinical routine and recommended by current guidelines. Nevertheless, data regarding patients’ perceptions are limited. Therefore, this study aims to analyze the patient perspectives on the remote monitoring of cardiac devices in Germany.

Methods and results: Patients with CIEDs and remote monitoring of all current manufacturers from three German centers were asked to participate. The questionnaire consisted of 37 questions regarding the patients’ individual use and perspectives on remote monitoring. Survey participation was anonymous and on a voluntary basis. A total of 617 patients (71.6% men) participated. Most patients reported feeling well informed (69.3%) and reported having unchanged or improved coping (98.8%) since the start of remote monitoring. At least 39.7% of patients experienced technical problems regarding the transmitter, whereas most patients (60.3%) reported that they never noted technical issues. Older patients had significantly less interest than younger patients in using their own smartphones for data transfer (p < 0.001).

Conclusion: Patients with remote follow-up of CIED reported that they felt well informed about the remote monitoring approach. Remote monitoring can support coping with their disease. With remote monitoring, patients experienced a prolongation of intervals of in-person follow-up visits, and especially younger patients would appreciate smartphone-based data transfer of their CIEDs.
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1. Introduction

Remote monitoring in patients with implantable cardiac devices is associated with reduced hospitalization rates (1–3), increased survival rates (2, 3), and a reduction of necessary healthcare resources (1, 4). It is non-inferior to in-person follow-up visits regarding patients with single or dual chamber pacemaker (PM) devices and activated automatic threshold algorithms (5), as well as patients with an implantable cardioverter-defibrillator (ICD) (4, 6–8). Thus, remote monitoring is recommended for patients with a cardiac implantable electronic device (CIED) having problems attending in-person follow-up visits or struggling with chronic device-related problems to expand the time between two in-person follow-up visits (9, 10). Patients with an ICD managed via remote monitoring experience fewer inappropriate ICD shocks (8, 11, 12), which is an important aspect as ICD shocks are known to increase patient mortality (13). Therefore, current guidelines recommend remote monitoring for ICDs to minimize the occurrence of inappropriate shocks (14). Moreover, remote monitoring can reduce the time between an event and reaction (11, 15, 16), with a concomitant decrease in adverse outcomes (3, 17) due to clinical problems or technical issues. Furthermore, remote monitoring is cost-effective (18, 19), reduces workload (20), and is time-effective (21). Most patients have an unchanged or improved quality of life after device implantation (22) and are satisfied while using remote monitoring (23). Nevertheless, detailed information regarding patients’ perceptions and individual concerns toward remote monitoring as well as possible future perspectives is limited. This study aims to analyze the patients’ perception of remote monitoring and possible future perspectives on remote monitoring of CIEDs.



2. Methods

Patients with remote monitoring of a CIED of all current manufacturers in three German centers (Hannover Heart Rhythm Center, Hannover; Heart & Vascular Center, Göttingen; CCB, Frankfurt) were invited to fill in a patient questionnaire sent by mail. Survey participation was anonymous and on a voluntary basis. Questionnaires that had been returned between July and November 2021 were included in the analysis. The present study was conducted in compliance with the Declaration of Helsinki.


2.1. Questionnaire

The questionnaire consisted of 37 questions regarding patients’ baseline characteristics, individual use, and opinion on remote monitoring, as well as the patients’ opinion regarding future remote monitoring perspectives (refer to Appendix Table S1). Remote monitoring includes three concepts (9): (1) remote follow-up with scheduled interrogations of the CIED, (2) remote monitoring with unscheduled data transfers due to upcoming events or alerts, and (3) patient-initiated follow-ups with unscheduled data transfers due to symptomatic arrhythmias or other issues. Hereafter, the term “remote monitoring” is going to include all those three aspects. Due to the type of question, there were three response options: single-choice, multiple-choice, or free text. The questionnaire could be filled in paper-based or web-based, according to patients’ preferences. No questions were set as mandatory. Patients with a cardiac resynchronization therapy defibrillator (CRT-D) were included in the category of patients with ICD, whereas patients with a cardiac resynchronization therapy pacemaker (CRT-P) were included in the group of patients with PM.



2.2. Statistical analysis

Categorial data are presented as numbers and percentages. Percentages given were calculated due to the total amount of given answers per question (refer to Appendix Table S1). Continuous data are presented as median (P25;P75). Wilcoxon test, Mann–Whitney U-test, or Kruskal–Wallis test was used for between-group comparisons, as appropriate. Statistical data analysis was performed using SPSS (version 27, IBM, Armonk, United States). P-values of < 0.05 were considered statistically significant.




3. Results

A total of 617 patients (437 men, 71.6%) from three electrophysiological centers in Germany participated between July and November 2021. Two hundred and twenty-five questionnaires were received paper-based, and 392 questionnaires were received web-based.


3.1. Baseline characteristics

Baseline characteristics are presented in Table 1.



TABLE 1 Baseline characteristics of the patients.
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3.2. Remote monitoring and transmitter handling

Most patients said that they felt well informed about this tool (fully agree: 27.2%, n = 101; agree: 42.1%, n = 156; neutral: 26.4%, n = 98; do not agree: 4.6%, n = 17; do not agree absolutely: 1.1%, n = 4). The majority of patients answered not to have any concerns in regard to their telecardiological monitoring (n = 436, 92.0%), while 38 patients indicated having concerns regarding this aspect (8.0%). Patients’ view on remote monitoring is summarized in Figure 1. To receive information about remote monitoring and the transmitter (multiple answers possible), all patients would prefer a personal conversation. One hundred and sixty-two patients (43.9%) would rather have a brochure, whereas 136 patients (36.9%) would prefer an instruction manual. Mobile applications, instruction videos, websites, or a set of frequently asked questions were chosen by 87 (23.6%), 85 (23.0%), 79 (21.4%), and 75 (20.3%) patients, respectively. Since using remote monitoring, most patients answered to experience an improved or unchanged coping with their disease (Figure 2). Asked for individual reasons, patients who answered to have improved coping since using remote monitoring stated to feel better monitored, reassured, and/or secure. Patients with a worse coping, e.g., stated to experience a higher focus on the disease than before and that everything feels too complicated. Patients reported that remote monitoring resulted in a prolongation of intervals of in-person follow-up visits for device interrogation as well as in-person follow-up visits at the attending cardiologist (Table 2). Technical problems regarding transmitter handling were reported by 196 patients (39.7%), whereas 298 patients (60.3%) never noted any technical problems. In case of questions regarding the transmitter, most patients refer to their cardiologist (n = 286; 62.3%) or another medical specialist (n = 75; 16.3%). Other chosen contacts were the manufacturer (n = 42; 9.2%), relatives (n = 15; 3.3%), emergency service (n = 5; 1.1%), an association (n = 1; 0.2%), or nobody (n = 35; 7.6%). Four hundred and twenty-eight (84.9%) of the participants indicate to handle their transmitter on their own without any assistance from a third person, whereas 76 participants (15.1%) answered to get assistance. If assistance was given (multiple answers were possible), most patients chose “a member of the family” as a helping person (n = 66; 86.8%). Most participants never take the transmitter with them if they go on a trip for more than 24 h (n = 285, 65.1%). Other chosen answers were less often (“Yes, always,” n = 71, 16.2%; “Yes, in cases of >48 h,” n = 19, 4.3%; “Yes, in case of >1 week,” n = 45, 10.3%; “Other,” n = 18, 4.1%). The majority answered not to consider the transmitter a limitation (n = 445, 95.3%), whereas 22 patients answered to see the transmitter as a limitation (4.7%). Individual reasons given were cumbersome equipment, permanent illumination in the bedroom, having to take their transmitter with them when leaving home, or the necessity of an internet connection.

[image: Figure 1]

FIGURE 1
 Patients’ perception of remote monitoring. (A) Importance of given advantages regarding remote monitoring. As patients had the possibility to choose multiple answers, they had to sort the given answers according to their importance. The importance is represented in colors. (B) Patients’ ideas on the advantages and disadvantages of remote monitoring. ICD = implantable cardioverter-defibrillator; CIED = cardiac implantable device.


[image: Figure 2]

FIGURE 2
 Patients’ answers on the change regarding coping since the use of remote monitoring.




TABLE 2 Follow-up intervals for CIED interrogation or cardiologist consultation before and since the start of remote monitoring.
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3.3. Future perspectives

A total of 383 patients answered to have a smartphone (73.0%), whereas 142 do not have a smartphone (27.0%). Most patients answered to use their smartphone for phone calls (n = 373, 96.9%), taking pictures (n = 305, 79.2%), or mobile internet use (n = 315, 81.8%; multiple answers possible). Other answers were less frequent (to play games: n = 73, 19.0%; other: n = 68, 17.7%). Two hundred and thirty-one patients reported using their smartphone several times a day (60.2%), whereas 86 patients reported permanent use (22.4%), 29 patients used several times a week (7.6%), 24 patients used one time a day (6.3%), and 14 patients (almost) never used their smartphone (3.7%). Two hundred and ninety-nine (81.5%) patients answered to download applications. Patients’ answers on the possible use of a smartphone for data transfer regarding remote monitoring are summarized in Figure 3.

[image: Figure 3]

FIGURE 3
 Patients’ opinions regarding the use of a smartphone for remote monitoring. Patients’ interest in using their own smartphone with an application instead of the transmitter for data transmission. Patients had to choose between 1 and 10 with 1 meaning “no interest” to 10 meaning “high interest”–median (P25; P75) 7.0 (2.0; 10.0) (A). Patients’ responses to the question if they would, asked today, prefer a smartphone with an application or a transmitter next to their bed for data transmission (B). Advantages (C) and disadvantages (D) of using a smartphone for remote monitoring.


Younger patients had a significantly higher preference for using smartphone-based remote monitoring instead of a transmitter (p < 0.001). There was no difference when analyzing gender (p = 0.192) or residence (p = 0.355). Details on the interest in using the own smartphone instead of the transmitter are shown in Figure 4.
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FIGURE 4
 Interest in using the own smartphone instead of the transmitter for data transmission, divided into groups regarding different parameters (A–D). Patients had to choose between 1 and 10 with 1 meaning “no interest” to 10 meaning “high interest.” p-values of < 0.05 were considered statistically significant. The small circles represent the median. ICD = implantable cardioverter defibrillator; PM = pacemaker; CRT = cardiac resynchronization therapy; ILR = implantable loop recorder.


Most patients stated to have concerns regarding data safety (n = 156, 40.8%). Other concerns were battery consumption of the implanted device (n = 109, 28.5%) and the smartphone (n = 57, 14.9%), memory capacity (n = 79, 20.7%), data consumption (n = 72, 18.9%), and other concerns (n = 37, 9.7%). Other concerns were fear of mobile phone obsession, the necessity to always have their phone with them and always be online, fear of being hacked (data, mail, and implanted device), and the fear of complex handling for older patients. One hundred and forty-five patients (38.0%) answered to have no concerns.

Asked for information that should be shown in a smartphone-based application (multiple answers possible), most patients chose “battery status” of the implantable device (n = 289, 84.3%), “validation of connectivity” (n = 255, 74.3%), or “information regarding technical issues” (n = 241, 70.3%; Figure 5). Twenty-two patients (6.4%) answered “no information,” whereas 47 patients (13.7%) answered to wish for “other” information.

[image: Figure 5]

FIGURE 5
 Patient’s responses on information that should be shown in an application regarding remote monitoring of CIEDs. Multiple answers were possible. CIED = cardiac implantable electronic device.





4. Discussion

This is the first survey regarding the patient perspective on remote monitoring in Germany, not only focusing on patient satisfaction but also addressing advantages, concerns, and future perspectives perceived by the individual patient.

The key findings of this analysis are as follows:

• Most patients fully agree (27.2%) or agree (42.1%) to feel well informed about remote monitoring and answered to have an unchanged (54.8%) or improved (44.0%) coping since the start of remote monitoring.

• The majority of patients (60.3%) never experienced any technical issues related to the remote monitoring system, whereas 39.7% of the patients reported technical issues in the course of remote monitoring.

• Patients experienced a significant prolongation of intervals of in-person follow-up visits since the use of remote monitoring.

• Approximately, 48.3% of the participants would appreciate smartphone-based data transfer of their CIED.

• Nevertheless, most patients (62.0%) affirmed to have concerns about smartphone-based data transmission [addressing, e.g., data safety (40.8%), battery consumption of the implanted device (28.5%) and smartphone (14.9%), the memory capacity (20.7%), and data consumption (18.9%)].


4.1. Remote monitoring and transmitter handling

In this survey, previous data regarding the reduction of in-person follow-up visits due to remote monitoring (5, 20) could be confirmed due to a significant reduction (p < 0.001) of in-person follow-up visits not only regarding interrogations of the CIEDs but also regarding the number of in-person visits of the attending cardiologist. In accordance, patients in this survey chose less time spent on consultations as an important aspect regarding remote monitoring. Nevertheless, reassurance and continuous monitoring with the possibility of a fast objectification of symptoms and the possibility of being quickly informed in case of problems were named as the most important advantages due to remote monitoring. As patient involvement in coping becomes more important (24) and patient-reported outcome instruments to quantify the quality of life are evolving (25), this is an important point to consider. Accordingly, most patients answered to experience unchanged (54.8%) or improved (44.0%) coping since the start of remote monitoring.

Due to the COVID-19 pandemic with concomitant restrictions regarding the possibility of in-person visits and face-to-face follow-ups, remote monitoring of CIEDs became more important, and a significant increase in the number of patients using remote monitoring for their CIEDs has been observed (26). The REMOTE-CIED randomized trial reported no differences in “patient-reported health status and ICD acceptance” between patients with remote monitoring follow-ups and in-clinic follow-ups (7). Recent studies have evaluated the quality of life in patients with ICDs and results have not shown a significant decrease in quality of life, in general (22, 27, 28). Nevertheless, it has been shown that inappropriate shocks in patients with ICDs reduce the quality of life (22). Remote monitoring, therefore, has the potential to additionally increase the quality of life and reassurance in patients with a CIED and especially ICDs.

Most patients are satisfied using remote monitoring and prefer remote monitoring over in-person follow-ups (29–31). Concerns, disadvantages, and reasons for a worse coping regarding remote monitoring recorded during this survey such as data concerns, the fear of unauthorized access regarding the CIED through a third party, as well as the insecurity about the transmitter functionality may help physicians and manufacturers to further improve and evolve remote monitoring. On the one hand, focusing on patient education regarding remote monitoring and the handling of the transmitter may reduce individual anxiety and the number of patients unsatisfied with remote monitoring and, therefore, improve the quality of life. On the other hand, the idea to manage follow-ups via remote monitoring should be discussed with eligible patients individually due to shared decision-making.

Concerning patient education, patients answered to prefer a brochure (43.9%), or instruction manual (36.9%) as the medium to get information about remote monitoring and the transmitter but also accepted other tools such as mobile apps or websites with 23.6 and 21.4%, respectively. Brochures and instruction manuals should already be available for every patient. The development of other tools such as apps or patient websites could further improve the patients’ educational level (32, 33).

The majority of patients in this survey did not consider the transmitter as a limitation (95.3%) and 60.3% of the patients answered that they never experienced any technical issues. Nevertheless, 39.7% of the patients stated to note technical issues. This should be taken seriously, as a working transmitter is crucial for continuous data transfer.

Most patients in this survey answered to refer to their attending cardiologist or other medical specialists in case of questions. As the ones most referred to, cardiologists and cardiology nurses should be carefully trained regarding troubleshooting and use of the different transmitters. Physicians responsible for interrogations should be aware of patients who do not send data and should subliminally reach out to those patients. Doing this could not only improve the patient’s quality of life but also further improve the continuity and quality of remote monitoring while minimizing adverse events due to insufficient monitoring.



4.2. Future perspectives

The majority of patients (73.0%) answered to use a smartphone, while only a minority of patients were younger than 60 years (n = 159). Thus, age is not necessarily a restriction regarding the use of smartphone-based techniques (34). Accordingly, most patients participated in this survey via an online platform and not via the paper-based form. A total of 48.3% of patients answered to prefer a smartphone-based application to a transmitter next to their bed for data transfer. Previous studies have shown that smartphone-based remote monitoring has the potential to improve the success rates of scheduled data transfers (35) and to improve patients’ compliance and connectivity (36). Therefore, application-based data transfer may improve the management of remote monitoring in several ways: Feedback regarding successful or unsuccessful data transfers as well as a schedule for measurements regarding remote follow-ups could be integrated. Patients could be directly informed in case of events and possible next steps could be recommended within such an application. Moreover, patient education could be further enhanced with information regarding remote monitoring or specific situations. According to the patients who participated in this survey, information on battery status, validation of connectivity, and information regarding technical issues should be taken into consideration when developing such a tool. Nevertheless, patients’ concerns and disadvantages regarding such an idea should not be ignored. Especially, data safety is an important concern that should be noted (37). Not all patients will have access to data transfer and remote monitoring via a smartphone. As shown in this survey, this may especially be relevant for older patients. Since current guidelines recommend remote monitoring for patients with difficulties attending in-person visits, this might be an issue that should be targeted.

As remote monitoring is known to reduce hospitalizations due to heart failure, application-based alerts can help patients and physicians to adapt and improve heart failure management (3, 4, 6, 7, 38, 39). CIEDs may be helpful to contribute to optimized heart failure management. Nevertheless, studies have shown that with one parameter alone there may be no significant improvement in outcomes (38, 39). Algorithms including multiple parameters may be more appropriate but have to be evaluated (40–42).




5. Limitations

This survey has several limitations regarding the respondents as well as the designed questionnaire. As the survey was anonymous and on a voluntary basis, the study population includes an expectable selection bias and baseline, as well as follow-up data on the patient group are scarce. Having only included patients already receiving remote monitoring, the study design did not provide a control group and does not allow comparisons of patients with remote monitoring vs. those without remote monitoring care, and thus, recall bias may be present. Nevertheless, the overall sample size provides important insights into a large cohort of patients followed-up by remote monitoring.



6. Conclusion

In this national patient survey, remote monitoring led to a prolongation of intervals of in-person follow-up visits, while most patients reported unchanged or improved coping since the start of remote monitoring and answered to be open to new technologies regarding data transfer. Nevertheless, some patients reported concerns about remote monitoring as well as worse coping since the start of remote monitoring. The medical specialist was named as the person mostly referred to in case of problems. Thus, both the patients’ and the physicians’ education are important to improve the continuity and quality of remote monitoring while minimizing adverse events due to insufficient monitoring and therefore to improve the quality of life in patients with CIEDs and remote monitoring.
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