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Objectives: Sacral neuromodulation is an effective, minimally invasive treatment for refractory lower urinary tract dysfunction. However, regular postoperative programming is crucial for the maintenance of the curative effects of electronic sacral stimulator devices. The outbreak of coronavirus disease 2019 (COVID-19) limited the ability of practitioners to perform traditional face-to-face programming of these stimulators. Therefore, this study aimed to evaluate the application of remote programming technology for sacral neuromodulation during the COVID-19 pandemic in China.

Materials and methods: We retrospectively collected data including baseline and programming information of all patients with lower urinary tract dysfunction who underwent sacral neuromodulation remote programming in China after the outbreak of COVID-19 (i.e., December 2019). The patients also completed a self-designed telephone questionnaire on the subject.

Results: A total of 51 patients from 16 centers were included. They underwent 180 total remote programming visits, and 118, 2, 25, and 54 voltage, current, pulse width, and frequency adjustments, respectively, were performed. Additionally, remote switching on and off was performed 8 times; impedance test, 54 times; and stimulation contact replacement, 25 times. The demand for remote programming was the highest during the first 6 months of sacral neuromodulation (average, 2.39 times per person). In total, 36 out of the 51 patients completed the questionnaire survey. Of these, all indicated that they chose remote programming to minimize unnecessary travel because they had been affected by COVID-19. The questionnaire also showed that remote programming could reduce the number of patient visits to the hospital, save time, reduce financial costs, and would be easy for patients to master. All surveyed patients indicated that they were satisfied with remote programming and were willing to recommend it to other patients.

Conclusion: Remote programming for sacral neuromodulation is feasible, effective, safe, and highly recommended by patients with refractory lower urinary tract dysfunction. Remote programming technology has great development and application potential in the post-pandemic era.
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1. Introduction

Lower urinary tract dysfunction (LUTD) refers to the dysfunction of the bladder and urethra during urinary storage and/or ejection periods, which often show corresponding symptoms (1). LUTD could be caused by various diseases, including overactive bladder, neurogenic bladder, interstitial cystitis/bladder pain syndrome, and non-obstructive urinary retention. Its pathogenesis is complex, and traditional treatment often cannot achieve satisfactory outcomes.

Sacral neuromodulation (SNM) has been used in the treatment of refractory LUTD for over 30 years and was approved for clinical use by the Food and Drug Administration of the United States in 1997 (2, 3). In China, SNM has been used for nearly 10 years and has been further developed and promoted in recent years (4–6). Although SNM can effectively improve the clinical symptoms of refractory LUTD, the degree of symptom improvement may gradually decrease with disease progression. Therefore, to maintain a satisfactory curative effect, patients often need to visit the hospital regularly for programming their neuromodulator devices.

Currently, most medical centers qualified to perform SNM in China are located in larger cities, even though China has a vast territory with uneven regional medical development, making it difficult to adjust and construct follow-up plans for many patients after medical treatment. These patients often spend more time and incur larger economic costs visiting qualified medical centers for programming, which affects patient enthusiasm and medical compliance, resulting in poor long-term postoperative outcomes.

To address this, the Tsinghua PINS company developed a new SNM product and adopted a unique remote programming technology that allows patients to contact their doctors from anywhere with internet connectivity to adjust parameters and stimulation parameters. This technology has enabled patients to avoid many of the aforementioned difficulties—especially since the start of the coronavirus disease 2019 (COVID-19) pandemic in December 2019. Many countries, including China, have imposed strict quarantine measures due to the high transmissibility of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). During such quarantine periods in China, travel was highly restricted. Therefore, patients were unable or could only rarely visit qualified hospitals for programming, even if their symptoms fluctuated, which led to a surge in patient demand for remote programming options.

Considering that COVID-19 is likely to become a seasonal disease in the foreseeable future, we analyzed the data and feedback of all patients who received SNM remote programming in China since the pandemic began. This study aimed to evaluate the application of SNM remote programming in patients with LUTD during the COVID-19 pandemic in China and further improve the technology so as to better provide services for patients.



2. Materials and methods


2.1. Clinical data

Data including medical records, stimulus parameters, and adverse events of all patients with refractory LUTD in Chinese medical centers practicing SNM remote programming were retrospectively collected and analyzed. The inclusion criteria were patients who (1) underwent SNM implantation (PINS, Beijing, China) for refractory LUTD, (2) underwent remote programming from December 2019 to April 2021, (3) were compliant and could cooperate to complete the follow-up, (4) aged ≥14 years, and (5) provided informed consent. The exclusion criteria were (1) severe mental or cognitive impairment or inability to respond correctly during programming, (2) comorbidities that affect life expectancy, (3) poor general patient condition, and (4) any situation that the researchers considered inappropriate.



2.2. Self-designed questionnaire

By searching the relevant literature and comparing previous findings to our study population, we designed a questionnaire and conducted a telephone questionnaire for all the participating patients. The contents of the questionnaire included the time and economic costs (including accompanying family members) of conventional programming each time the patient visited the hospital clinic, the reason for applying for remote programming, the expected frequency of remote programming, the perceived benefit received from remote programming with regard to symptoms, degree of difficulty implementing remote programming, overall patient satisfaction with remote programming, and likelihood to recommend the process to others. Informed consent was obtained from all participants, and all clinical data were collected only after approval of the study protocol by the Ethics Department of Beijing Hospital (Approval no: 2020BJYYEC-141-01), whose institutional guidelines were followed during the study.



2.3. Introduction, implementation, and security of the remote programming system

The use of the remote programming system in deep brain stimulation (DBS) was first reported in 2015, and we believe this method has been feasible and effective for postoperative follow-ups in DBS (7). Since then, Tsinghua PINS Company has developed and launched a new remote programming system in 2019 and applied it to DBS, spinal cord stimulation (SCS), and SNM (8–10).

This remote programming system consists of three interface “sides”: the doctor, the patient, and the server side. The patient and doctor sides are connected to the server side through two versions of the application (Figure 1). Specifically, the patient connects to a Wi-Fi or 4G/5G network through a mobile phone at home, logs in to the patient version of the app, and selects and books an appointment with a doctor. When performing remote programming, the patient first needs to match the implanted pulse generator through Bluetooth. After the match is successful, the patient’s video, voice, and stimulation signals can be transmitted through the network to the PINS Remote Tech center (i.e., the server side).
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FIGURE 1
 Overall architecture of the remote programming system. The remote programming system consists of three parts (“sides”): the doctor, patient, and server sides. The patient and doctor sides are connected with the server side through two different versions of the application. The upper and lower right panels show the doctor and patient versions, respectively, of the application.


The doctor logs in to the doctor’s version of the client, where they can adjust the neuroregulatory treatment program accepted by the patient according to the patient’s condition. The principle is that the doctor sends programming instructions to the server side through the client, and the server side converts the instructions into operation instructions that can be recognized by the stimulator, then sends these instructions to the patient client to adjust functions such as audio/video communication, telemetry, parameter adjustment, electrode impedance detection, and others. Chinese scholars have proven that this technology is not inferior to face-to-face programming (11, 12).

We implemented three-level measures to ensure the security and confidentiality of all data in the transmission process. The first level of protection was the use of the Hypertext Transfer Protocol (HTTP) over a secure socket layer in the doctor, patient, and server data transmissions, and the use of asymmetrical encryption two-way authentication technology. The second protection measure was the use of a secure low-power Bluetooth module with identity authentication encryption. The third protective measure was the improvement of equipment communication in the near-field communication mode, which prevented the possibility of misconnection and unintended activation. In addition, the patient version of the application also has a “one-click recovery/close” function to prevent unexpected outcomes caused by network problems during remote programming.




3. Results

A total of 51 patients from 16 centers were enrolled in this study: 22 men (43.1%) and 29 women (56.9%). The average patient age and follow-up time from SNM implantation to the last follow-up were 45.88 ± 20.64 years and 10.16 ± 6.87 months, respectively. The clinical diagnostic classification and other baseline information of the patients are shown in Table 1.



TABLE 1 Baseline information.
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During the COVID-19 pandemic, 51 patients underwent 180 remote programming sessions, and 118, 2, 25, and 54 voltage, current, pulse width, and frequency adjustments, respectively, were performed. The frequency parameter had the largest adjustment range, up to 1,686%. Remote switching between on and off states was performed eight times, impedance testing was performed 54 times, and stimulation contact replacement was performed 25 times. Stimulation mode was changed once, from “cycle mode” (regular switching between on/off states) to “continuous mode.”

In addition to the specific remote programming parameter adjustments, we also measured the frequency of patient demand for remote programming in different postoperative periods. Similar to traditional face-to-face programming, the greatest demand for remote programming was within 6 months postoperatively (average, 2.39 times per person). After that, the frequency of remote programming decreased significantly, and the average frequencies from 6 months to 1 year and after 1 year postoperatively were 0.98 and 0.16 times per person, respectively.

Patient residences and hospital locations are shown in Figure 2. One patient, whose residence is not shown in the figure, settled in Canada. It is worth noting that 68.6% of the patients included lived in urban areas, and the average home–hospital distance was approximately 400 km (range, 2–2,161 km).

[image: Figure 2]

FIGURE 2
 Map of the patient residences and hospital locations. The red star, orange location symbols, and blue dots represent Beijing, hospital locations, and patient residences, respectively.


The questionnaire results showed that the economic cost of patient visits to the hospital outpatient clinic was relatively low, and nearly half of the patients incurred a cost of <500 yuan (Table 2). However, the time cost was relatively high, with 70% of patients spending more than a day in the hospital during these visits.



TABLE 2 Questionnaire results.
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Most patients applied for remote programming due to recurrent symptoms, hoping for further improvement. Compared with traditional face-to-face programming, the new remote programming system reduces time, travel, and economic costs to patients as much as possible, which is significant during the current COVID-19 pandemic. There was a good acceptance of the remote programming system, and 80.6% of patients indicated that they were able to understand and use the system under the guidance of technicians or doctors. All patients had a satisfactory experience and were willing to recommend remote programming to others. No adverse events were observed in any of the cases.



4. Discussion

Since SNM was first used by Tanagho in 1981 to treat bladder dysfunction, it has been continuously improved upon and an increasing number of patients have received SNM treatment.2 After 40 years of development, SNM has become one of the most important minimally invasive treatments for refractory LUTD. However, with the gradual increase in implantation operations and the number of medical centers conducting this type of operation in China in recent years, some patients have experienced reduced efficacy or even failure of the follow-up process (13). A 14-year follow-up study by Al-zahrani et al. showed that approximately 23% of patients received a second surgical intervention after SNM due to the poor efficacy of the treatment (14). However, Chinese experts have a conservative attitude toward secondary surgical intervention, believing that it must be conducted only in cases where combined oral medications and repeated adjustments of stimulation parameters have proven ineffective (15, 16). A recent meta-analysis described the efficacy of different combinations of stimulus parameters on LUTD, affirming the importance of programming to ensure the efficacy of SNM (17). Therefore, regular programming is an important means of ensuring a stable curative effect and reducing the probability of refractory patients with LUTD requiring second surgical interventions.

Similar to other neuromodulation therapies such as SCS and DBS, postoperative stimulator programming for SNM often requires several attempts to find the appropriate parameter combination for each patient. This process is generally completed within 6 months postoperatively, placing a heavy burden on the patient. This study showed that the patient demand for remote programming was the highest within the first 6 months postoperatively, after which it decreased significantly. A similar conclusion has been reached for DBS (18, 19). As an increasing number of China’s more remote provincial hospitals gradually begin to perform SNM surgeries, patients no longer have to travel to larger cities for surgery and programming. Therefore, the economic cost of patients visiting the hospital for traditional face-to-face programming is lower than before. However, more than 70% of the patients in our study needed to spend a full day or more in the hospital for programming visits, likely because Chinese doctors in large medical centers (at or above the provincial level) are often overburdened, which leads to increases in the time cost of the patient consultation process.

Remote programming for SNM devices has recently been developed, and its implementation for patients with SNM began in 2019. Its safety and effectiveness have since been thoroughly confirmed (11, 12). China reported its first case of SARS-CoV-2 infection in December 2019, and it was declared a pandemic by the World Health Organization in 2020 (20). COVID-19 then spread rapidly worldwide due to international travel, resulting in outbreaks in more than 200 countries. Since the outbreak of COVID-19, the number of infections and deaths continued to increase. As of November 2020, there have been more than 50 million confirmed cases and more than 1 million deaths worldwide (21). As the first country to take measures to prevent and control the epidemic, China began to provide telemedicine services as early as February 2020, aiming to alleviate citizens’ anxiety and reduce unnecessary travel (22). In June of the same year, the United States also abolished provisions restricting the provision of telemedicine services to rural areas, allowing for the reimbursement of telemedicine services for everyone with medical insurance (23). In addition, China has been at the forefront of citizen education. Perhaps in light of these conditions, all patients in this study indicated that the most important reason for choosing remote programming was to help them comply with governmental rules and recommendations by minimizing travel during the COVID-19 pandemic. This proportion of patients exceeded that of those who chose the method solely to save time and economic costs.

Considering that the remote programming system operates using electronic equipment, this study explored whether it posed additional operative difficulties for patients. However, the acceptability of remote programming was positively evaluated by our patients, with over 80% indicating that they were able to master remote programming and use it proficiently. The patients in this study were relatively young, and it is believed that, after adequate explanation and training, the proportion of young patients with SNM using this method will continue to increase. All the patients in our study affirmed the necessity and convenience of remote SNM programming and expressed satisfaction with the technology and willingness to recommend it to others. Overall, our survey confirmed that remote programming was satisfactory and effective. A single remote programming session saves at least 500 yuan for nearly half of the patients on average and saves at least 12 h of time for 70% of patients. Remote programming can reduce the number of hospital visits needed by patients, time, and economic costs to patients and the healthcare system, and is easy to operate in a way that allows patients to quickly master the process.

In addition, remote programming eliminates the inevitable hassle of traditional face-to-face programming so that patients have enough energy to cooperate with doctors to complete necessary medical history collection and other work. Compared with the noisy environments commonly seen in hospital outpatient clinics and the possible risk of infectious disease transmission at these facilities, doctors and patients can communicate in a quieter and safer environment through remote programming. On the contrary, remote programming is also in high demand among doctors. For the surgeon, most immediate feedback is received through postoperative programming. Through the remote programming platform, doctors can make more timely responses to the programming needs of patients, in a way that is more convenient for continuous postoperative management of outpatients.

The main strength of this study is that it provides important insights regarding the management of patients with SNM during the COVID-19 pandemic. Through our systematic statistical analysis of the data of all the patients who received remote programming during the COVID-19 pandemic in China, as well as the results of our questionnaire survey, first-hand information was obtained. This information can provide a reference for further medical development in the post-pandemic era. On the contrary, this study has some key limitations as well. First, the sample size was small. Due to the relatively high cost of SNM, it is still a treatment that is only available to a segment of the population in China. However, SNM was included in the Beijing Medical Insurance List in 2020. It is, therefore, believed that an increasing number of patients will receive SNM surgery in the future. Second, this study does not compare remote programming with traditional programming and cannot explain the advantages and disadvantages of both. Third, this study was based on the subjective satisfaction of patients and did not objectively evaluate the effectiveness of remote programming for symptom improvement. Fourth, it is unclear whether the attitudes of patients toward remote programming were affected by COVID-19. These limitations need to be explored further.



5. Conclusion

This study confirms that remote programming has great development and application potential in the post-pandemic era. Through clinical implementation and patient feedback, we determined that the success rate, effectiveness, safety, and patient satisfaction with this method were all high. With further development and the popularization of remote programming technology, it is believed that remote SNM programming can provide more efficient, economical, and convenient program-controlled services for patients with LUTD.
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