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Purpose: We quantified patient record documentation of sacral neuromodulation (SNM) threshold testing and programming
parameters at our institution to identify opportunities to improve therapy outcomes and future SNM technologies.

Methods: A retrospective review was conducted using 127 records from 40 SNM patients. Records were screened for SNM
documentation including qualitative and quantitative data. The qualitative covered indirect references to threshold testing and
the quantitative included efficacy descriptions and device programming used by the patient. Findings were categorized by visit
type: percutaneous nerve evaluation (PNE), stage 1 (S1), permanent lead implantation, stage 2 (S2) permanent impulse gener-
ator implantation, device-related follow-up, or surgical removal.

Results: Documentation of threshold testing was more complete during initial implant visits (PNE and S1), less complete for
S2 visits, and infrequent for follow-up clinical visits. Surgical motor thresholds were most often referred to using only qualita-
tive comments such as “good response” (88%, 100% for PNE, S1) and less commonly included quantitative values (68%, 84%),
locations of response (84%, 83%) or specific contacts used for testing (0%). S2 motor thresholds were less well documented
with qualitative, quantitative, and anatomical location outcomes at 70%, 48%, and 36% respectively. Surgical notes did not in-
clude specific stimulation parameters or contacts used for tests. Postoperative sensory tests were often only qualitative (80%,
67% for PNE, S1) with quantitative values documented much less frequently (39%, 9%) and typically lacked sensory locations
or electrode-specific results. For follow-up visits, <10% included quantitative sensory test outcomes. Few records (<7%) in-
cluded device program settings recommended for therapy delivery and none included therapy-use logs.

Conclusions: While evidence suggests contact and parameter-specific programming can improve SNM therapy outcomes,
there is a major gap in the documentation of this data. More detailed testing and documentation could improve therapeutic
options for parameter titration and provide design inputs for future technologies.
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INTRODUCTION

Sacral neuromodulation (SNM) is an established therapy for
the treatment of lower urinary tract disorders of overactive
bladder and retention [1]. SNM devices are surgically implant-
ed, with a lead consisting of 4 equally spaced electrodes (con-
tacts) placed near a sacral nerve along with a subcutaneous
pulse generator that delivers therapeutic electrical stimulation
through the lead [2]. It is proposed that SNM acts to interfere
with afferent sensory neural fibers that mediate sensations of
bladder fullness, urgency, or similar information regarding the
state of the bladder and lower urinary tract [3].

Stimulation amplitude is dictated by voltage or current de-
pending on the device model and manufacturer [4]. Along with
fluoroscopic guidance, the proximity of the lead to the nerve of
interest is assessed intraoperatively by performing a motor
threshold test. During this test, the stimulation amplitude of
each individual contact is increased until a bellows or toe re-
sponse is observed. Postoperatively, a sensory threshold test is
performed in which the patient can verbally respond when the
stimulation amplitude reaches a perceptive level and they cor-
relate strongly with motor threshold intensities [5]. A lower
amplitude during threshold testing implies the lead is closer to
the stimulated nerve because the radius of the electrical field is
proportional to the amplitude [4,6]. A positive motor or senso-
ry response at each contact with an amplitude less than 2V is
evidence of a well-placed lead [7]. Additionally, a lead that is
close to the nerve of interest theoretically requires less energy
and decreases the likelihood of off-location stimulation [8]. Af-
ter lead insertion, the contact pattern of stimulation can be ad-
justed to titrate the therapy to the individual patient. Generally,
a pattern is selected that produces a perineal sensation on the
patient and is then adjusted to a subsensory level for therapy
delivery [4]. Altering the contact pattern influences both the
sensation location and the amplitude required to elicit it during
sensory threshold testing and can be used for optimizing and
troubleshooting SNM therapy [9].

The overall success rate for SNM ranges from 43% to 85%
[10] and revision rates for an initial suboptimal outcome range
from 3%-35% [11]. Reasons for therapy failure include lead
migration [12,13], hardware failure [11], patient selection [14],
and adverse effects such as unwanted stimulation, discomfort,
or loss of efficacy, often leading to reprogramming of the device
[11]. Reprogramming and documentation of thresholds, effica-
cy and therapy settings are essential to understanding and im-
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proving therapy failures, surgical revisions and device designs
needed to address these therapy issues.

Reprogramming the device can restore treatment efficacy in
16%-100% of patients depending on the reason for which it is
performed [11]. If reprogramming is not successful, an explant,
with the associated morbidities and costs, may be warranted.
Successful reprogramming has been achieved by altering differ-
ent variables on the patient’s device such as the stimulating con-
tact point, the frequency, as well as the pulse-width [11]. How-
ever, parameters used during successful reprogramming are not
widely reported [4,11]. Regular clinical documentation of pro-
gramming and reprogramming parameters may improve the
success of patient outcomes and device efficacy in the future. As
an initial project to understand the state of documentation in
our clinic, we retrospectively quantified patient record docu-
mentation of sacral neuromodulation threshold testing in the
electronic health record (EHR) at our institution in order to
better identify opportunities for improving therapy outcomes
and obtaining potential data for essential design inputs into fu-
ture SNM technologies.

MATERIALS AND METHODS

We conducted a single-center retrospective study of sensory
and motor testing and related documentation with a focus on
data captured during, and following, surgical implantation of
SNM. The study was approved by the IRB as an exempt study
(24 Feb 2020, IRB ID:8595). The documentation source was the
patient EHR (Epic Systems Corporation, Verona, W1, USA) for
SNM patients receiving device implantations or therapy be-
tween January-December 2019. We traced visits or surgeries
from this date range to January 2016 to capture prior visit data.
Records from 40 patients were identified using surgical and
clinical schedules for SNM patients at the university clinic and
surgery center. Data were only included from patients that opt-
ed into research participation.

The typical patient-care pathway visible from the EHR in-
cluded: (1) percutaneous nerve evaluation (PNE) temporary
lead implantation, or (2) stage 1 (S1) permanent lead implanta-
tion under monitored anesthesia, (3) stage 2 (S2), permanent
impulse generator implantation under monitored anesthesia,
(4) follow-up postoperative clinical visits related to wound
check, programming, or therapy efficacy issues, and (5): if war-
ranted, device removal under monitored anesthesia. Routine
visits related to SNM such as reprogramming, unwanted sensa-
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tions, problems with the SNM device, or poor efficacy were in-
cluded as follow-up visits. For each visit, we screened and tran-
scribed relevent surgical notes and clinical records regarding
SNM sensory or motor testing, documented device therapy
settings or descriptions, therapy efficacy remarks or quantifica-
tion, and notes regarding SNM therapy or efficacy. Because we
were specifically interested in clinical documentation, we did
not seek out any information stored in corporate databases,
clinical programming devices, implanted devices, or other non-
EHR locations.

Visit-specific motor and sensory threshold outcomes were
assessed using 6 criteria: (1) qualitative mention or description
of a threshold test outcome, such as incidental reference to an
outcome (e.g., good, adequate); (2) quantitative amplitude
threshold; (3) anatomical location of the response, such as a pa-
tient-reported perception of stimulation locations or clinician-
observed motor locations; (4) inclusion of specific electrode(s)
tested; (5) additional test parameters, such as pulsewidth or fre-
quency; (6) discomfort mentioned, such as an uncomfortable
sensation experienced during a sensory test. We also recorded
whether therapy-use logs, documentation of therapeutic effica-
cy, and recommended therapy settings such as quantitative pa-
rameters and device electrodes were documented.

RESULTS

Patients and Clinical/Surgical Visits

Records from 40 patients, 27 females (68%) and 13 males (32%)
were included. The mean patient age was 58.6 years (standard
deviation, 15.6 years). Primary clinical symptoms noted in re-
cords included urgency (n=30 of 40, 75%), frequency (n=27,
68%), urinary retention (n="7, 18%), and overactive bladder
(n=4, 10%). Twenty-eight patients received new SNM therapy
during the study period (70%); 12 (30%) had existing SNM
therapy (implanted prior to the study period). For the study
duration, Interstim (Medtronic, Minneapolis, MN, USA) was
the only U.S. Food and Drug Administration-approved SNM
device, and all patients were implanted with these devices.
There were 127 visits evaluated. Visits included 25 PNEs, 6 S1
implants, 33 S2 implants, and 8 device removals (Fig. 1). Fol-
low-up visits included 15 post-PNE, 25 post-S2 and 15 follow-
up visits that were nonsurgical (not immediately postoperative).
The mean number of SNM-related visits/patient was 3.7 (medi-
an, 3; range, 1-26) for the 39 months included in the study; the
most typical visit series for patients was a PNE implant, PNE
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Presurgical assessment

25 Percutaneous Nerve 6 Stage 1 therapy test
Evaluation test (temporary (permanent lead, external
lead, external stimulator) stimulator)

N\

. 15 PNE follow-up l

SN

X P NE removal 33 Stage 2 implant (permanent
without perma- .
. stimulator)
nent implant
25 S2 follow-up (wound, device and
therapy check)
l 15 Nonsurgical device follow-up l
8 Removal

Continuing therapy

Fig. 1. Patient sacral neuromodulation (SNM) care pathway and
records analyzed. Records for 40 patients were reviewed and
summarized for the SNM care pathway. A total of 127 visits
were included. The number of visit records are shown in the pa-
rentheses for each clinical or surgical visit type. PNE, percutane-
ous nerve evaluation.

follow-up visit, S2 implant, and a single implant follow-up visit.

Motor Threshold Testing

Motor threshold testing for SNM was conducted with patients
under local anesthesia or local anesthesia with sedation, thus
restricted to surgical implantation events. Qualitative descrip-
tions of motor threshold tests were observed for 88% and 100%
of patients during PNE and S1 implantation surgeries, respec-
tively (Fig. 2). Quantitative test information was included for
<70% and 90% of these surgeries, respectively. Quantitative
amplitude for the motor threshold outcomes were included for
<50% of S2 surgeries and often excluded units of measure (e.g.,
voltage or amplitude). An example includes, “bellows at 0.6
For all implantation surgeries, there were no consistent param-
eter data other than stimulation amplitude and location includ-
ed in motor threshold test outcomes. When they were included
in surgical notes, motor locations included bellows (69%), toe
(29%), and buttocks (2%). No electrode-specific threshold re-
sults were included in the notes. No motor threshold test data
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Fig. 2. Sacral neuromodulation (SNM) motor threshold out-
comes included in patient records. Within each surgery visit
type, % of records including the test outcomes are shown. The
number of surgical records is included in the parentheses. Zeros
indicate no records included the outcome.

was observed in records for device removal surgeries.

Sensory Threshold Testing

For surgical visits, sensory threshold testing is typically con-
ducted within minutes to an hour after implantation and before
postoperative ambulation. Qualitative descriptions for sensory
thresholds were found in patient records for 80% and 67% of
PNE and S1 implantation documents, respectively (Fig. 3). An
example of a qualitative description would be “good sensory re-
sponse at low amplitude” Numerical sensory thresholds, how-
ever, were included in the records for <50% of these visits and
did not include units of measure, e.g., “sensory response at 1.8”
Likewise anatomical sensory locations were recorded for 68%
of PNE visits but for only 4% of other visit types. Postoperative
sensory test quantification was noted less frequently for S1 and
S2 visits (<35% and <10%, respectively). Sensory testing data
were also absent from most follow-up visit records (<10% in-
cluded quantitative sensory thresholds). Sensory threshold ana-
tomical locations were included in 19 of 40 patients with the
most commonly listed locations being vaginal or perineal
(n=10), buttocks (n=7), and scrotum or penis (n=2). No re-
cords included electrode-specific thresholds of sensory testing
that might allow differentiation of optimal therapy delivery or
future comparisons in the event of device troubleshooting. No
surgical visits for device removal included sensory threshold
results (e.g., from testing prior to surgical removal).
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Fig. 3. Sacral neuromodulation (SNM) sensory threshold out-
comes included in patient records. Within each visit type, % of
records including the test outcomes are shown. The number of
records for each visit type is in parentheses. Zeros indicate no
visit records included the outcome.

Parameters of Therapy

Patient records also typically lacked information regarding the
specific stimulation parameters recommended or used for
medical therapy. Eight of 119 possible visits (7%) that could
have included therapy setting information actually did. Stimu-
lation amplitude was noted for 6 (5%) visits but units (mA or V)
were not included in these records. No records included specific
identification of the lead electrodes used or polarity that were
programmed to deliver the therapy (e.g., 0-, 3+), although there
were references to an undefined therapy programs (e.g., ‘used
program 1) in 6 visit records (5%). There was no inclusion of
therapy parameters such as stimulation contacts, frequency,
duty cycle. In general, patient records did not include informa-
tion that would allow parameter based efficacy differentiation
or troubleshooting based upon thresholds (e.g., comparisons of
efficacy across parameters, optimization of selected lead elec-
trodes, or relative therapy impacts).

Efficacy Documentation

Specific efficacy descriptions or quantification relative to SNM
therapy or parameters were often lacking in patient records. Of
the 95 visits that took place after initial lead implantation (i.e.,
excluding PNE and S1 implantation visits), 28 (29%) of patient
visit records included a qualitative description of efficacy ‘great-
ly improved’ or ‘no improvement; and 18 records (16%) in-
cluded some attempt to quantify symptomic changes, such as
noting a ‘50% reduction’ or 70% improvement in symptoms’
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Measured across the 40 patients, 20 (50%) included some quan-
titative description of efficacy. Within these 20 patients, 16
(80%) included numerical descriptions of symptom improve-
ment.

DISCUSSION

The absence and inconsistency of quantitative documentation
of device parameters and threshold testing data in our study
make it difficult to understand the importance of the data’s po-
tential link to patient outcomes or to facilitate SNM technology
improvements. As mentioned previously, loss of efficacy can re-
sult in eventual device explant with the associated risks of gen-
eral anesthesia and added financial costs. Device reprogram-
ming, including frequency and pulse-width alterations, can of-
ten restore therapy efficacy [11]. However, data for parameters
associated with successful reprogramming are infrequently re-
ported. Without these data, we will not know which parameters
are actually effective for restoring therapy efficacy after repro-
gramming.

The International Continence Society best practice statement
recommends recording the motor and sensory responses and
the stimulus thresholds in the patient’s medical record for S2
surgical visits. However, it does not make a recommendation
for specifying the contacts associated with the stimulus ampli-
tude, recording the frequency and pulse-width used, nor re-
cording sensory threshold stimulus amplitude at each contact,
frequency, and pulse-width after troubleshooting [7]. Dudding
et al. [11] highlighted that these parameter data are important
for reprogramming and it is our belief that they should be re-
corded at each threshold that elicited a motor or sensory re-
sponse. These, along with the duty cycle and contacts pro-
grammed for therapy should all be included in the patient’s
medical record or device at critical times following implant and
whenever threshold testing or device troubleshooting is per-
formed.

The financial costs of reprogramming have not been formally
quantified at this time and the national average reimbursement
rates could not be elucidated from a search of a publicly avail-
able Medicare reimbursement database [15] for procedure
codes related to device programming (95970-95972). However,
codes for 64585 and 64595 (removal of lead and pulse genera-
tor, respectively) showed the costs for removal of an SNM de-
vice, excluding anesthesia, are $3,937-$6,825 depending on the
type of facility the removal takes place. Assuming the cost of
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device reprogramming is less than device removal, improved
therapy reprogramming may decrease financial costs associated
with SNM.

Opportunities for the Future

We recognize that thorough SNM threshold testing and trans-
ferring patient data to the EHR may pose a significant clinical
burden [16]. A study by Vaganée et al. [17] found that contact-
specific sensory threshold testing can be completed within 15
minutes for each patient. However, physician follow-up visits
are often only scheduled for 15 minutes and require counseling
patients on topics beyond threshold testing. Furthermore, the
data generated by testing the 4 available electrodes is significant,
including up to 100 values. These complex data must currently
be recorded as free-text in the EHR by a trained staff member
[7]. Furthermore, once the data is transferred, it is not easy to
visualize trends since it usually exists in a procedure note or
clinical note. One possible solution is to enable an interface be-
tween the device and the EHR. This would automate data
transfer and allow physicians to quickly reference previous de-
vice parameters while troubleshooting device problems.

Another opportunity to reduce the burden of device and
therapy monitoring would be through the development of an
application that a patient could use to troubleshoot their device.
Loss of efficacy could be quantified in a module for entering
patient bladder diary data existing within the application. If a
patient loses therapy efficacy and is not experiencing pain or
another immediately concerning adverse event, the app could
toggle between different parameter settings for a specified peri-
od of time to assess the effectiveness of the reprogramming,
similarly to the reprogramming method described by Dudding
etal. [11]. If after a certain number of attempts efficacy was not
restored, or if the patient were experiencing pain or adverse ef-
fects (unwanted stimulation from the device), they would be
prompted to make an appointment with their physician. Some
troubleshooting visits are simply due to the device not being
turned “on” [11], thus time and financial costs could be reduced
with the thoughtful development of useful software.

Data from patient devices or an application could exist in a
queryable database, which would augment clinical tracking and
research efforts in investigating the influence of stimulation pa-
rameters on SNM outcomes. This would provide information
needed for the design and improvement of future SNM devices.
Studies suggest altering the contact, frequency and pulse-width
of the devices can lead to improved efficacy in patients experi-
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encing specific troubleshooting scenarios [11]. If this trouble-
shooting data existed in a database, it could be analyzed in a
similar manner to EHR bioinformatics studies which could
corroborate existing research. These data may also provide in-
formation about the stimulation habits of patients not undergo-
ing device reprogramming. Suppose patients only stimulate us-
ing 2 of the 4 possible contact orientations. In fact, it has been
shown that the majority of patients have contact “2” as the an-
ode and contact “0” as the cathode [18,19]. This may suggest
that next-generation devices do not need to include 4 contacts.
Furthermore, not all patients undergoing an implant achieve
intraoperative motor threshold responses <2V [11]. Despite
this, some still have a beneficial response from the treatment. If
successful therapy parameter trends exist in nontypical patients,
it could potentially be elucidated with a database.

Limitations

While unique, we recognize that our study has significant limi-
tations. We are a relatively small, single center in the United
States and it is unknown whether SNM testing and documenta-
tion in patient records is more complete at larger centers, cen-
ters from different geographies, or centers with different EHRs.
Although this information is unknown, no other studies have
attempted to quantify the presence of threshold testing results,
frequency, pulse-width, and duty cycle as they relate to clinical
outcomes at their institution. Additionally, at the time of the
study, our institution did not have standardized methods for
data capture and as such cannot temporally tie threshold testing
and parameter data to efficacy outcomes. However, numerous
studies have shown that the results of threshold testing and pa-
tient device reprogramming can restore therapy efficacy and
improve patient outcomes [11]. All patients undergoing SNM
therapy in our study utilized devices from a single manufactur-
er and technical stage of device development (2016-2019). As
automating the capture of SNM data becomes commonplace,
the field must ensure the data are appropriate as well as scientif-
ically and clinically meaningful.

In conclusion, current SNM records inconsistently document
acute stimulation testing, therapy parameters, and efficacy de-
tails at our center. Given existing SNM document on best prac-
tices, we suspect documentation at other institutions is also
suboptimal. These data are important tools for improving pa-
tient therapy [7,11], and can be valuable design inputs for im-
plantable clinical technologies [6,20]. Our results reveal a sig-
nificant opportunity to address these data needs in the clinic
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through increased quality and frequency of threshold testing
documentation, parameter documentation, and efficacy track-
ing in SNM patients.
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