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Abstract
Purpose  The efficacy and safety of a novel remotely programmed BetterStim sacral neuromodulation (SNM) system was 
evaluated in patients with refractory overactive bladder (OAB) in a prospective, controlled, multicenter trial.
Methods  A total of 84 patients referred for SNM therapy from October 2015 to January 2018 were studied. Of the patients 
who qualified for implantation, 37 and 33 were randomly assigned to treatment and control groups, respectively. Patients 
in the treatment group underwent stimulation upon implantation, while stimulation was delayed in the control group for 
3 months. Follow-up visits, consisting of voiding diary outcome, questionnaires regarding overactive bladder symptom score 
(OABSS) and quality of life were conducted at 1, 3, and 6-month post-implantation.
Results  Compared with the control group, subjects in the treatment group exhibited statistically significant improvement in 
OAB symptoms at 3 months. The overall success rate was achieved in 72% of the treatment group, compared with 12% of 
the control group at 3 months. At 6 months, there were no significant differences in key voiding diary variables between the 
two groups. Further, this study demonstrated sustained improvement in urinary symptom interference in OAB patients. In 
addition, nearly all patients expressed great satisfaction with the remote-programming methods. No serious adverse events 
occurred, and device-related adverse events rate was 12.86%.
Conclusion  This clinical study demonstrates subjective and objective success of the BetterStim SNM system. Importantly, 
our data suggest that remote programming can be safely used as a viable option for the conventional programming with a 
high degree of patient satisfaction.
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Introduction

Overactive bladder is a common and chronic clinical syn-
drome, defined as urinary urgency with or without fre-
quency, typically accompanied with incontinence and noc-
turia, which becoming a growing problem worldwide [1]. 

The prevalence is estimated at approximately 16.9% in the 
adult population and increases with age in the United States 
[2–4]. The total prevalence of OAB is approximately 6.0% 
in China [5]. Despite the considerable limitation of social 
activities and impact of OAB on quality of life, patients 
rarely seek therapeutic options. For management of refrac-
tory overactive bladder, the widely applied sacral neuromod-
ulation therapy may serve as a promising treatment option, 
with compelling efficacy for OAB symptoms [6–10]. Over 
the past decades, SNM therapy has gained global accept-
ance in urological practice and > 250,000 patients have been 
treated worldwide.

The technique has evolved since its inception by Schmidt 
et al., with the use of tined lead, as well as the development 
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of rechargeable SNM system [11, 12]. However, the SNM 
system available and approved for use in voiding dysfunc-
tions remains as non-remote programming [6, 13]. Patients 
require frequently follow-up postoperative program-
ming, and need to come back to hospitals for ensuring the 
implanted devices are working at optimal programmable 
parameters and troubleshooting of the implanted devices 
in vivo. With the popularity of telemedicine, remote point-
to-care programming of neuromodulation devices would 
benefit more patients who live far away from local hospitals.

Currently, a novel BetterStim SNM system (PINS, 
Beijing, China), manufactured by Beijing PINS Medical 
Co., Ltd., in cooperation with the National Engineering 
Laboratory for Neuromodulation, Tsinghua University, is 
designed to provide a miniaturized, real-time remote-pro-
gramming system, adjusting the programming parameters 
timely as tissue impendence changes over time, resulting 
in continuous and stable clinical benefits. The BetterStim 
SNM (PINS, Beijing, China) device utilized in the present 
study includes two series of implantable pulse generator 
(IPGs): G131 and G132, while the basic components are 
similar with other SNM systems [6, 12]. The BetterStim 
IPGs utilize titanium construction and have a volume of 
25 cc (dimensions: 47 × 51 × 10.5 mm3, weight: 35 g) for 
G131 model and 15 cc (dimensions: 50 × 50 × 6.8 mm3, 
weight: 25 g) for G132 model, which is comparative with 

the 14 cc Medtronic InterStim II. And the battery capacity 
of G131 and G132 is 2500 mAh and 1850 mAh, respec-
tively, while the InterStim II has a capacity of 1300 mAh, 
equating to a 30% smaller battery life. Additionally, the 
BetterStim system could be current controlled or voltage 
driven, and delivers constant current or voltage stimula-
tion for SNM therapy. As for the BetterStim tined lead, 
four similarly sized and spaced electrodes to the InterStim 
lead, measure with three lengths 28, 33 and 41 for differ-
ent sized patients. One of the most notable differences 
of the BetterStim system is the significant function of 
remote controlling, which was refined and well described 
previously [14]. The remote-programming system is a 
secure and robust Internet-based system, involving in the 
application of a virtual network combined with point-to-
point encryption software that met recognized standards. 
Figure 1 shows the general architecture of the real-time 
remote-programming system: Physician Client, Patient 
Client, Server Station and Video Communication System. 
The Physician Client was designed to be located at a per-
sonal computer (PC) as the terminal hardware, with strong 
operability and mobility. Physician could visit the Server 
Station through a web browser and get detailed informa-
tion of their patients as well as stimulators. Patient Client 
was designed as a home terminal for adjusting parame-
ters and uploading follow-up history records. The entire 

Fig. 1   The remote sacral neu-
romodulation (SNM) implant-
able pulse generator system. a 
The SNM implantable pulse 
generator. b Schematic diagram 
of the wireless and remote-
programming system, including 
the physician client, patient 
client, server station and video 
communication system
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Patient Client hardware consists of four parts: PC, Blue-
tooth dongle, programmer and in vivo IPG. The PC is a 
commercial telephone equipped with a special patient 
client software downloaded from App store, applying for 
connecting with the physicians and received programming 
parameters. The Bluetooth dongle is a custom-built hard-
ware interface and connects to the PC via a USB inter-
face. The programmer installed with a Bluetooth salve unit 
to exchange data with the Bluetooth dongle and control 
the in vivo stimulators. The Server Station is established 
duplex communication channels in which session mes-
sages and adjustment parameters are transmitted to the 
clients and data are stored on the database server. The 
Video Communication System consists of a live face-to-
face electronic audiovisual interaction between the pro-
vider and patients. Video was captured by Portable digital 
USB cameras and microphones. Video (FLV format) and 
audio (SPEEX format) would be automatically attached 
into the media stream. The Physician and Patient Client 
were virtually linked by the Server Station. Via this com-
munication link, the instruction of parameter adjustment 
was stored and sent to the Patient Client, then transmit-
ted through a wireless link to a patient programmer. Once 
the implanted stimulator received the instruction from 
patient programmer and finished the execution, the Patient 
Client uploaded results and follow-up history records to 
the Sever Station. SSL protocol and certificate identity 
authentication were used to establish communication link 
between the Patient Client and the Server station. The 
entire remote-programming progress was accompanied 
by synchronistical visual communication provided by the 
Video Communication System.

Compared with conventional programming methods, 
the BetterStim system has significant advantages within 
all stages of programming, which would reduce costs and 
travel time for patients, improving patient satisfaction, and 
facilitate quality care for complex patients [15]. Further, the 
platform provides real-time remote control service which 
allows clinicians to directly check the parameters’ history 
records. Some practices such as Bomin Sun use point-to-
care programming technology in lieu of conventional pro-
gramming to see the postoperative Deep Brain Stimulation 
(DBS) patients, which showed no significant difference in 
the accuracy of clinical outcomes of programming between 
the conventional and remote-programming sessions [16, 
17]. Additionally, programming parameters of the Better-
Stim system including amplitude (0–10 V or 0–25 mA), 
pulse width (30–450 μs), and frequency (2–40 Hz) can be 
adjusted either by conventional programming or by remote-
programming method. To ensure the security of the data 
transmission, the Physician Client was equipped with a cli-
ent certificate as an identity authentication which would be 
examined by the Server Station before the browser gets data. 

Thus, remote programming can safely use as well as routine 
postoperative clinic visits in programming.

To confirm the efficacy and safety of this novel remote-
programming SNM device (PINS, Beijing, China), we 
conducted a prospective, multi-center, randomized, control 
clinical trial in China. The study consisted of an effective 
analysis that compared OAB clinical therapeutic success in a 
subset of patients randomized to SNM stimulation ON group 
or SNM stimulation OFF group and were then followed for 
6 months. The primary hypothesis of this randomized proce-
dure was that SNM stimulation would significantly improve 
OAB symptoms of patients by at least 30% of success rate, 
superior to SNM OFF group.

Materials and methods

Study design and population

A multi-center, randomized, controlled follow-up study was 
conducted at eight centers in China and approved by the ethi-
cal committees of each center. The patients were recruited 
from the general urological population between October 
2015 and January 2018, and each patient signed an informed 
consent form prior to study participation. The study was 
designed using the recommendations of the Consolidated 
Standards of Reporting Trials (CONSRT) statement [18]. 
Figure 2 shows an overview of the procedures in this study.

All participants had a primary diagnosis of OAB and/or 
OAB symptoms, as demonstrated on a 5-day voiding diary, 
and had experienced previous treatments failure with at 
least one anticholinergic medication or could not tolerate 
more conservative treatments (e.g., pelvic floor, biofeed-
back, oral pharmacotherapy) [6, 12]. Treatment failure was 
defined as having a treatment discontinuation (treatment 
gap of ≥ 45 days) or switching anticholinergic therapy [19]. 
The definition of refractory to standard medical therapy 
was considered that subjects failed or could not tolerate at 
least one anticholinergic medication and have at least one 
anticholinergic medication not yet attempted. The details of 
the inclusion and exclusion criteria are provided in Table 1.

Study procedures

Based on the initial results, consisting of medical history, 
urodynamic testing, and baseline voiding diary information, 
a total of 84 OAB cases, meeting all inclusion criteria, were 
enrolled in the study. Participants underwent a two-stage 
implant procedure with the IPG implantation system requir-
ing a 14-day test stimulation period. The first stage refers to 
the implanting of a permanent lead for testing the response 
to SNM under general anesthesia. Standardized electrode 
placement technique was described in great detail and used 
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the same procedure previously described for InterStim 
system [20]. Fluoroscopic guidance was used to implant 
the tined lead along the S3 sacra nerve root. It was recom-
mended to give one dose of intravenous prophylactic anti-
biotics before SNM system implantation. In general, broad 
spectrum oral antibiotics were recommended for a period 
of 5–7 days after operation. Test stimulation success was 
considered as a ≥ 50% improvement from baseline in key 
voiding variables [either in average voids/day or a return to 
normal voiding (< 8 voids/day) or average leaks/day] based 
on voiding diaries. After completion of test stimulation, 
those who met success criteria were implanted permanently 
with the neuromodulator. A pocket was made in the upper 

buttocks area to accommodate the IPG, and the tined lead 
was tunneled subcutaneously to the neurostimulator pocket. 
The neurostimulator and lead were connected and placed 
in the pocket. Then patients were randomized to treatment 
(stimulation ON) group or control (stimulation OFF) groups 
at a 1:1 ratio. An independent investigator performed the 
randomization and an online random number generator was 
applied to generate the random sequence (https​://www.rando​
m.org/). All participants were unaware of the allocation.

After randomization, the stimulator was turned ON for 
each patient in the treatment group and the effectiveness of 
neuromodulation, as determined by the stimulation param-
eters, was optimized by an investigator not involved in 

Fig. 2   Flowchart of the sacral 
neuromodulation clinical trial

https://www.random.org/
https://www.random.org/
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evaluation of the clinical outcome. In the control group, the 
stimulator was turned OFF and patients followed their doc-
tor’s advice for medical therapy and maintained consistent 
use of any OAB medication (anticholinergic, antimuscarinic 
or tricyclic antidepressant) until 3 months. At the 3-month 
visit, unblinding was performed and the neuromodulator was 
turned ON in all patients.

Follow‑up visits

All participants returned for follow-up visits post-implant 
at various time points, including 1, 3, and 6-month visits to 
assess initial response to therapy. A voiding diary, OABSS 
questionnaire, and medical history were collected to assess 
the response to treatment in each follow-up visit. Unsched-
uled follow-up visits were allowed as needed to adjust stimu-
lation parameters to optimize therapy, either performed by 
conventional or remote programming. If both the patient and 
the physician felt remote programming was acceptable in 
lieu of an actual clinic visit, the patient’s scheduled clinic 
appointment would be canceled. During follow-up visits, 
all adverse events (AEs), defined as device-related AEs, 
medication-related AEs or remote-programming related 
AEs, were documented.

Outcome measures

The primary outcome was the clinical therapeutic success rate 
of SNM, determined by voiding diary collected at the 3-month 
follow-up visit. The success rate was designated as participants 
with OAB symptoms had to demonstrate a ≥ 50% improve-
ment in average voids/day or average leaks/day compared with 
baseline values or a return to normal voiding frequency (< 8 

voids/day). A participant was counted if she/he met the defini-
tion of clinical therapeutic success.

Secondary outcomes were the changes from baseline 
in mean number of leaks/day, voided volume/void, urinary 
urgency episodes per day, or voids/day over the first 6 months 
after implantation (1, 3, and 6-month assessments), based on 
the use of monthly 5-day voiding diary at each of those time 
points. Further, secondary outcomes including changes from 
baseline in the health-related quality of life and OABSS at 
the 3-month, and 6-month post-implant visits. Additionally, 
patient satisfaction and adverse events were evaluated.

To assess OAB-related quality of life (OABqol), changes 
through 6 months were calculated by comparing baseline 
values from follow-up visits. An interference question on 
the OABqol, “Overall, how much do your urinary symp-
toms interfere with your everyday life?”, was measured on 
a scale, from 0 to 10 [21]. In addition, patient’s satisfaction 
was evaluated by satisfaction questionnaire.

Sample size

The sample size was calculated using PASS version 12.1 
software and determined by the clinical therapeutic success 
rate at the 3-month follow-up visit. We assumed that the 
success rate at the 3-month visit would be 30% in the con-
trol group and 60% in the treatment group. Success rates 
were estimated from previous studies with 76% for SNM 
and 49% for standard medical therapy [6]. The sample sizes 
were designated to provide 80% power for a one-tailed test, 
alpha = 0.025, comparison of 3-month OAB therapeutic suc-
cess rates, with a 10% loss-to-follow-up rate. These calcu-
lations revealed that 68 individuals (34 per group) must be 
included.

Statistical analysis

Demographic and clinical data were collected at the time of 
presentation and analyzed using SAS version 9.4 software 
(version number: 11202165). All statistical tests were two-
sided and a value of P < 0.05 was considered statistically 
significant. The continuous variables would be summarized 
with means and standard deviations (SD). A t test was used 
to assess comparisons between groups, and the Chi squared 
test or Fisher’s exact test was applied for comparison of cat-
egorical variables.

Results

Demographic characteristics

Overall, 84 patients with OAB completed test stimulation 
and 70 patients received a full system implant, resulting 

Table 1   List of selection criteria for patients with overactive bladder 
(OAB)

Inclusion criteria
 Age greater than 16 years
 Diagnosis of OAB as demonstrated on a 5-day voiding diary defined 

as ≥ 8 voids/day, and/or a minimum of 2 involuntary leaking 
episodes in a 72 h period

 Refractory to standard medical therapy
 ≥100 mL bladder capacity with normal upper urinary tract
 Good surgical candidate
 Able to complete study documentation and return for follow-up 

evaluation
Exclusion criteria
 Neurological conditions that may interfere with normal bladder 

function, including multiple sclerosis, spinal cord injury, or stoke 
occurs in the past 3 months

 Primary stress urinary incontinence
 Current symptomatic urinary tract infection (UTI)
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in an overall implant rate of 83%. All 70 patients with full 
system implants were randomized, 37 were allocated to the 
treatment group and 33 to the control group. Study outcome 
data remained blinded until the 3-month follow-up visit of 
the randomized participants was completed. 69 patients 
reached the 6-month post-implant visit, of whom 74% were 
females and 26% were males. Baseline demographics are 
presented in Table 2. There were no significant differences 
between the two groups in terms of demographics, baseline 
assessments, or medical history. Mean age with standard 
deviation (SD) at test stimulation was 54.31 ± 15.41 years 
(range 21.95–76.30). All patients were treated with long-
term conservative therapy with a mean preadmission 
treatment period of 6.53 ± 5.30 years, which yielded poor 
efficacy or intolerance. Of the 70 patients, 60 (86%) had 
received pharmacological treatment, 30 (46%) had under-
gone surgical interventions, including intravesical endotoxin 
injection before the study.

Implant outcome

Efficacy at 3 months: results at the 3-month visit were 
available in 36 and 33 patients in the treatment and control 
groups, respectively. One patient in the treatment group was 
lost to follow-up. According to the statistical analysis, the 
average number of voids per day at baseline for patients was 
28.27 ± 12.52, which decreased to 14.99 ± 7.98 at 3-month 
follow-up in the treatment group (Fig. 3a, P < 0.001). Com-
pared to the control group, the treatment group significantly 
reduced the urinary urgency episodes (Fig. 3b, P < 0.01). 
Additionally, the voided volume per void increased post-
implantation (Fig. 3c, P < 0.05), as well as the OABSS was 

visibly reduced than the control group (Fig. 4c, P < 0.05). 
Symptoms of urge incontinence at 3 months were signifi-
cantly reduced in the treatment group (Fig. 3d, P < 0.05). In 
contrast, the control group patients showed no significant 
improvement in OAB symptoms at 3 months (Figs. 3, 4c). 
Changes from baseline in OAB symptoms between the two 
groups revealed great improvement in the treatment group, 
compared with the control group. As shown in Fig. 4, the 
analysis suggested an OAB therapeutic success rate of 72% 
in the treatment group, compared with 12% in the control 
group (P < 0.001).

Efficacy at 6 months: Voiding diaries were available for 
69 patients at 6 months. As documented in the voiding diary 
analysis results, 33 patients in the control group exhibited a 
significant reduction in the average number of voids per day 
and the urinary urgency episodes per day, compared with 
baseline (Fig. 3a, b, P < 0.05). For the urinary incontinence 
patients, 9 patients in the control group and 11 patients in the 
treatment group showed great improvement in leaks. Over 
6 months, both groups improved on the urinary symptoms, 
with the overall OAB therapeutic success rate was 69% and 
61% in the treatment and control group, respectively. Fur-
ther, there was no significant difference in the key voiding 
symptoms between the two groups. Therapeutic success 
rates and voiding variables suggest that the effectiveness of 
SNM therapy was sustained through 6-month post-implan-
tation (Fig. 4a).

Changes from baseline in OABqol between the two 
groups suggested greater improvement in the treatment 
group, compared with control group, at the 3-month follow-
up visit. A total of 78% of subjects in the treatment group 
reported an improved or greatly improved urinary symptom 

Table 2   Baseline demographics 
and medical history

Demographic Control group (N = 33) Treatment group (N = 37) P value

Gender
 Female 24 (72.73%) 27 (72.97%) 0.982
 Male 9 (27.27%) 10 (27.03%)

Age, years 50.36 ± 16.33 54.67 ± 15.16 0.254
Number of previous medications 1.69 ± 1.49 1.75 ± 1.32 0.728
Baseline voids/day 30.14 ± 17.30 28.27 ± 12.52 0.874
Baseline urgency of voids 2.77 ± 1.40 3.16 ± 1.33 0.244
Baseline void volume/void (mL) 87.19 ± 54.98 101.41 ± 53.41 0.219
Baseline leaks/day 1.42 ± 3.89 2.47 ± 5.94 0.281
OABSS domains
 Frequency 1.76 ± 0.50 1.86 ± 0.35 0.373
 Nocturia 2.91 ± 0.29 2.78 ± 0.58 0.362
 Urinary urgency 4.55 ± 0.90 4.32 ± 1.08 0.228
 Urgency urinary incontinence 0.85 ± 1.72 1.19 ± 1.84 0.364
 Total 10.06 ± 2.14 10.16 ± 2.18 0.711
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interference score at 3 months, as compared to 6% in the 
control group (Fig. 4b, P < 0.001). At the 6-month follow-
up visit, all participants in each of the two groups showed 
greater improvement of urinary symptom interference score, 
and there was no significant difference between two groups 
(Fig. 4b, d).

Adverse events

Implant safety was evaluated through adverse event reports. 
During the 6-month follow-up visit, there were no unantici-
pated serious device-related AEs. Thirty-two events (25.71% 
of subjects) reported throughout the study period up to the 
6-month visit. Specifically, device-related AEs occurred in 
12.86% (9/70) of participants during the full system implant, 

comprising of implant site pain (2.86%, 2/70), undesirable 
change in stimulation (2.86%, 2/70), and loss of efficacy 
(7.14%, 5/70), resolved through device reprogramming. 
There were no serious AEs reported related to the implant-
able device. Further, no adverse events occurred related to 
remote programming.

Remote programming

According to our questionnaire results, postoperative follow-
up burden was quantitatively evaluated by the average inter-
val of clinical visits, travel distances, and general cost of a 
single follow-up. The mean travel distance from home to 
hospital is 1364.98 ± 764.93 km. 53% participants spend 500 
RMB for each follow-up visit while 48% participants visit 

Fig. 3   Voiding symptoms in overactive bladder (OAB) symptoms 
between the treatment and control groups over time. a Changes from 
baseline in the average number of voids per day (n = 69 all subjects, 
n = 33 control group, n = 36 treatment group). b Changes from base-
line in the urinary urgency episodes per day (n = 69 all subjects, 
n = 33 control group, n = 36 treatment group). c Changes from base-

line in voided volume per void (n = 69 all subjects, n = 33 control 
group, n = 36 treatment group). d Changes from baseline in the leaks 
per day (n = 20 urinary incontinence subjects, n = 9 control group, 
n = 11 treatment group). *P < 0.05, **P < 0.01, ***P < 0.001 for sig-
nificant difference between the treatment and control groups
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hospital more than 4 times per month (Fig. 5a, b). Whereas 
patients selected remote programming, only need to stay at 
home with network coverage, regardless of distance.

During the follow-up visits, nearly 57 subjects received 
remote controlling, as well as conventional programming 
was performed in 70 patients to achieve maximal therapeu-
tic benefit. Performance and parameter settings between this 
two programming methods were statistically indistinguish-
able (Fig. 5c, d). Complications related to remote-program-
ming occurred in any session were zero. None of the patients 

experienced signal corruption during programming. With 
exception of a slightly delay of video signal existed in remote-
programming session, there was no substantial difference in 
time commitment with programming conducted remotely or 
in-person. Indeed, time consume of the remote programming 
was more focused, with less tangential discussion. The mean 
frequency of setting up communication between patients and 
physicians was 1.68 ± 1.01 times. Interruptions occurred in 
remote programming were regarding to the limited speed 
Internet connectivity and improper operation, which could be 

Fig. 4   Comparison of overall overactive bladder (OAB) therapeu-
tic success rate and the overactive bladder quality of life (OABqol)-
urinary symptom interference between the control and treatment 
groups. a OAB therapeutic success rate was defined as the percent-
age of patients that obtained a ≥ 50% improvement in either of the 
key voiding diary variables, compared with baseline. b The difference 

between patient groups in the improvement of urinary symptom inter-
ference from baseline. c Changes from baseline in the OAB symptom 
score (OABSS). d OABqol-urinary symptom interference at different 
follow-up visits in OAB patients between the two groups. *P < 0.05, 
**P < 0.01, ***P < 0.001 for significant difference between the treat-
ment and control groups
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resolved through selecting good communication and optimiz-
ing procedures.

Nearly all patients and physician programmer expressed 
a high degree of satisfaction with the remote-programming 
sessions. Patients preferred the remote programming and 
reported a 92% satisfaction, whereas 83% patients agreed 
with conventional programming (Fig. 5c). Overall, among 
the 69 implanted patients, 77% were satisfied with their clini-
cal therapy, and when analyzed for therapy responders, 91% 
of patients were satisfied with their therapy. For the patients 
who did not meet the definition for therapeutic success, 21% of 
patients remained very satisfied with SNM therapy (Fig. 5e).

Discussion

To date, OAB remains a great challenge owing to the avail-
able treatments which may either exhibit moderate effi-
cacy or be highly invasive. Consequently, a successful and 
efficacious long-term therapy is extremely important for 
the management of refractory OAB. This study is the first 
randomized controlled study in humans to compare clini-
cal outcomes from a SNM stimulation ON group against 
a control group for the treatment of OAB. The data from 
this 6-month phase of the study provided strong scientific 

Fig. 5   Patient satisfaction 
with the remote-programming 
sacral neuromodulation (SNM) 
system. a The average total 
cost for each follow-up (RMB). 
b Patient’s average interval of 
clinical visits per month. c The 
therapeutic success rate and 
satisfaction in patients referred 
to standard programming and 
remote-programming methods. 
SP standard programming, 
RP remote programming. d 
Amplitude settings in overactive 
bladder patients with differ-
ent programming methods. 
SP standard programming, RP 
remote programming. e Patient 
satisfaction with the remote-
programming sacral neuro-
modulation (SNM) system at 
6 months. (left) Satisfaction for 
therapy responders—patients 
with ≥ 50% improvement in 
voiding symptoms (n = 50). 
(right) Satisfaction for therapy 
non-responders—patients 
with < 50% improvement in 
voiding symptoms (n = 16). 
***P < 0.001



2490	 World Journal of Urology (2019) 37:2481–2492

1 3

evidence for the benefits of BetterStim system among OAB 
patients. The overall OAB therapeutic success rate dem-
onstrated high efficiency of SNM for OAB patients after 
6 months of treatment. While long-term durability of Bet-
terStim SNM system needs to follow-up until 5 years after 
implantation. The efficacy of SNM revealed in this trial is 
comparable with previously reported results of other SNM 
device [6, 9, 12, 22]. When compared to the patient popu-
lation of the InSite trial, this cohort of all patients was con-
sidered to have severe OAB (≥ 11 voids/day) with a mean 
of 29.15 voids per day at baseline, which confirms that 
SNM is equally effective regardless of severity of OAB 
symptoms [23]. Of the 69 patients with implants, 43 (62%) 
no longer required combination therapy with medication 
to improve their OAB symptoms. Besides the objective 
differences, this study also revealed a significant improve-
ment in subjective measurements. Sustained quality of life 
improvement was reported from baseline to the 3-month 
follow-up visit in terms of urinary symptom interference 
in the treatment group, compared with the control group. 
Additionally, the high rate of patient satisfaction suggests 
that patients would benefit from this BetterStim system at 
6-months. Overall, these findings reinforce the efficiency 
of BetterStim system for OAB treatment.

The reported complication rate in this study is signifi-
cantly lower than previously published studies [9, 12, 24], 
but must be considered as a matter of therapy evaluation. 
This may be related to the technologies employed during 
this study, including the application of tined lead and fluoro-
scopic guidance for implanting the lead. No serious device-
related AE and unanticipated adverse events were reported. 
The most common device-related AE reported was loss of 
efficacy in this study. This type of event occurred within 
6 months of implant in 4.00% of patients in the InSite study 
in 7.14% of subjects to date in this study. In this study, the 
rate of implant site pain was one-third of what was repre-
sented in the InSite trial (2.86% vs 8.50%, respectively). 
Undesirable change in stimulation was also considerably 
lower in the current trial compared to InSite trial (2.86% vs 
10.2%). In both studies, these events were often resolved by 
medications or complex reprogramming [12, 25]. These data 
suggest that this novel BetterStim system is safe. Long-term 
follow-up is needed to determine if the BetterStim system 
impacts AEs rates.

Notably, patients undergoing SNM therapy often must 
travel significant distances, which represent a considerable 
investment on their part of time for a postoperative program-
ming. The ideal solution to the outlined issues lies in wire-
less and remote-programming technology [26]. With this 
technology, the need for patients normally required back to 
hospital in-person is eliminated, thus obviously minimize 
inconvenience and costs associated with traveling for an in-
person clinic visit. Remote programming of implanted SNM 

system is possible via wireless communication function, 
thereby enabling patients to receive the same treatment out-
comes in their own home as in the hospital. Additionally, the 
BetterStim system has software controls such that parameter 
settings would be restored if the signal interrupts. Data for 
programming from all patients can be stored and analyzed 
for further investigation and optimization. Therefore, it may 
revolutionize the management of post-implant patients and 
allow the development of an applicable and reliable alterna-
tive within the market, especially in developing countries.

Although it is vital to report on the efficacy and safety 
of this novel BetterStim system in the setting of a clinical 
trial, some limitations need to explored. No previous beta3 
adrenoceptor agonist monotherapy and/or its combination 
with anticholinergic drugs were applied for refractory OAB 
patients, largely due to beta3 adrenoceptor agonist was not 
approved for clinical use in China during the trial period. In 
addition, the definition of refractory OAB was not clearly 
stated in the inclusion criteria, though all clinical centers 
recruited patients in terms of suggestion that subjects failed 
or could not tolerate at least one anticholinergic and have 
at least one anticholinergic medication not yet attempted. 
Furthermore, this trial provided 6-month follow-up data 
without long-term results. This study is an ongoing trial, 
the quality and long-term duration of treatment benefits 
will continue to be confirmed. Further investigations will 
focus on the molecular mechanisms underlying the efficacy 
of sacral neuromodulation, specifically, the mechanisms by 
which neuromodulation may affect the functioning of blad-
der, urethra, sphincter, and other organs that are dominated 
by the sacral nerve.

Conclusions

This is the first multicenter, prospective, randomized, con-
trolled study testing the efficacy of BetterStim system in 
OAB subjects. In summary, results from the present study 
provide strong evidence that this novel remote-programmed 
SNM system (PINS, Beijing, China) is safe and effective for 
patients with refractory OAB symptoms. Importantly, our 
data suggest that remote programming can be safely used as 
a viable option for the conventional postoperative clinic visit 
with a high degree of patient satisfaction.
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