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Our aim was to report the first case of computer-assisted lead placement (CALP) for a peripheral nerve evaluation (PNE) test
in a 55-year-old woman affected by chronic pelvic pain, who was a candidate for sacral neuromodulation (SNM). The first
PNE test failed due to nonoptimal lead placement. We utilized a surgical navigation system (SNS) with electromagnetic track-
ing to guide the lead placement to the S3 right nerve roots. Neither intra- nor postoperative complications occurred. After 2
weeks, the patient reported >50% symptom improvement, so she was recommended to receive a definitive SNM implant.
Our case report demonstrated the feasibility and safety of CALP for the PNE test. Since the use of an SNS may guide easy and
precise lead placement along the S3 afferent nerve roots, further studies are mandatory to outline the advantages and limits of

this innovative technique.
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Sacral neuromodulation (SNM) has represented a real revolu-
tion in functional urology over the last 25 years [1]. Thanks to
its use and research into its mechanisms of action, we have
achieved improved our knowledge about the visceral control of
pelvic organs by the central nervous system [2]. SNM is, cur-
rently, a minimally invasive therapy consisting of mild electrical
impulses to the sacral nerve roots (S2-4), which supply auto-
nomic and somatic pelvic innervation, to modulate their activi-
ty. SNM is indicated for patients affected by overactive bladder,
non-obstructive urinary retention, and chronic fecal inconti-
nence. SNM has recently gained popularity as a treatment for
chronic pelvic pain (CPP).

Since SNM is expensive and not optimal for all patients, a pe-

ripheral nerve evaluation (PNE) test may be performed to pre-
dict the likelihood of success of a definitive implant [3]. The
lead should be placed along the S3 afferent nerve roots under
fluoroscopic and/or ultrasound guidance [4]. This procedure is
performed by trial and error, while evaluating the patient’s mo-
tor and/or sensory responses [5]. Thanks to technological ad-
vancements, the use of a novel image-guided surgical naviga-
tion system (SNS) may facilitate the procedure, helping sur-
geons during preoperative planning and providing intraopera-
tive guidance [6].

We report the first case of computer-assisted lead placement
(CALP) for the PNE test in a candidate for SNM.
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CASE REPORT

A 55-year-old woman was referred to our tertiary referral cen-
ter for SNM. Five years previously she had undergone transob-
turator tape surgery for severe urinary incontinence. After 1
month, she underwent partial tape removal because of urethral
erosion. Later, she complained of CPP. After 3 years she under-
went complete tape removal because of new-onset urethral ero-
sion, but CPP persisted with associated urge incontinence (1-2
pads/day). The pain was constant (numeric rating scale [NRS]
=3-4 out of 10) and responded only to daily cannabis drops.
She also started psychotherapy and took vortioxetine.

Clinical Findings and Investigations

Our visit revealed a minimal cystocele. The International Con-
sultation on Incontinence Questionnaire-Short Form (ICIQ-
SF) score was 11 out of 19. The International Cystitis Symptom
and Problem Indexes (ICSI and ICPI) scores were, respectively,
11 out of 19 and 15 out of 16. A bowel diary revealed regular
intestinal function. The patient had not engaged in sexual inter-
course over the last months. A videourodynamic study docu-
mented urgency and increasing pain for bladder filling of 150
mL. A study of motor-evoked potentials from the pelvic floor
highlighted a symmetrical bilateral response.

We proceeded with the PNE test, which was characterized by
an unsuccessful lead placement to the left S3 foramen. With
difficulty, we managed to place it contralaterally. After 2 weeks
with the temporary lead, the patient reported no significant
symptom improvement.

Since we were not sure whether the lead had been placed cor-
rectly, we decided to adopt an imaging-guided approach. We re-
quested magnetic resonance imaging with a 1.5 T scanner,
which showed a radicular cyst at the left S2 foramen (Fig. 1), so
we planned to position the lead on the right, where the nerve
course appeared physiological.

Computer-Assisted Lead Placement

The SNS required high-resolution radiological images, obtained
through a mobile x-ray system. The patient was in the prone
position with 8 fiducial markers placed randomly over the sa-
crum (Fig. 2A).

As the SNS, we used StealthStation S7 (Medtronic, Dublin,
Ireland), choosing the electromagnetic (EM) tracking option.
We positioned the AXiEM (Medtronic, Dublin, Ireland) mag-
netic field emitter near the patient’s sacrum and attached the
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Fig. 1. T2-weighted turbo-spin-echo magnetic resonance imag-
ing showing a 15-mm radicular cyst (arrow) at the left S2 fora-
men.

EM noninvasive patient tracker to the patient’s left gluteus (Fig.
2B).

Firstly, we performed registration (i.e., the linkage of the phys-
ical space, or the area of surgical interest) with the image space
obtained radiologically. The image-to-patient registration was
performed by touching the fiducial markers with the AXiEM
tracer pointer. The registration error metric (REM) was 1.6 mm
with 7 fiducial markers; we excluded the most cranial fiducial
because it increased the REM (Fig. 2C).

The obtained 3-dimensional model on the SNS screen was
used for preoperative planning. We set the target point at the
medial superior quarter of the right S3 foramen. We selected
the insertion point on the skin to obtain a straight trajectory,
avoiding obstacles and with a 60° angle with the skin surface.
The navigation was performed with the StealthStation EM flex-
ible stylet.

We utilized a Basic Evaluation Kit (Medtronic) for the PNE
test. Due to the need to use the stylet, instead of the standard
lead insertion needle, we used a 5F and 25-cm ring drainage
catheter (Cook Group, Bloomington, IN, USA), shortening it
to a stylet length of 23 cm (Fig. 2D). We placed a Steri-Strip 23
cm from the lead tip to recognize when the tip reached the tar-
get point during the lead insertion.

With the patient under local anesthesia, we performed a skin
incision at the insertion point, and advanced with the stylet in-
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Fig. 2. Computer-assisted lead placement for the peripheral nerve evaluation (PNE) test. (A) The patient was prone. We obtained the
radiological images for surgical navigation with a mobile x-ray system, after randomly placing 8 fiducial markers over the sacrum. (B)
We used the StealthStation S7 Surgical Navigation System (Medtronic, Dublin, Ireland), with electromagnetic (EM) tracking, so we
placed the AxiEM (Medtronic) magnetic field emitter (greater circle) near the patient’s sacrum and attached the EM noninvasive pa-
tient tracker to the patient’ left gluteus (smaller circle). We then touched all the fiducial markers with the tracer pointer to perform the
image-to-patient registration (i.e., the linkage of the physical space, or the area of surgical interest, with the image space obtained ra-
diologically). (C) The result of the image-to-patient registration was a 3-dimensional model on the navigation system screen for pre-
operative planning and intraoperative guidance. We obtained a valid registration error metric of 1.6 mm considering the 7 caudal fi-
ducial markers and excluding the most cranial one. We set the target point at the medial superior quarter of the right S3 foramen,
while we selected the insertion point on the skin to obtain a straight trajectory, avoiding obstacles and with a 60° angle with the skin
surface. (D) The lead used for the PNE test was shown on the left, while the sterile stylet for surgical navigation was inside a drainage
catheter on the right. The insertion needle for the PNE test (not shown in the figure) was constructed to allow the release of the lead
(diameter, 0.86 mm; length, 30 cm) and could not hold the stylet (diameter, 1.2 mm; length, 23 cm). Therefore, we used and shortened
a25-cm-long 5F drainage catheter with the tip-tracked stylet inside to allow the surgical navigation. When we reached the target point
with the stylet tip, it was necessary to remove the stylet and insert the lead inside the drainage catheter. Therefore, we placed a Steri-
Strip on the lead 23 cm from the tip to recognize when the tip reached the target point during the lead insertion. (E) After local anes-
thesia with lidocaine, we performed a scalpel skin incision, inserted the drainage catheter with the navigation stylet inside and pro-
ceeded towards the target point following the indications showed on the screen. (F) The navigation system screen showed the stylet
tip position inside the patient’s sacral area, created digitally by radiological images. We followed the indicated trajectory towards the
target point. In the lower right screen, the distance to the target point was reported in real time. The other 3 quadrants of the screen
separately displayed real-time axial, sagittal, and coronal views of the active stylet trajectory. When we reached the target point (stylet
tip to target point distance, 0.0 mm), we removed the navigation stylet and inserted the lead inside the drainage catheter up to the
marker placed previously. We confirmed the successful lead placement by evaluating the patient’s electrical response. Then, we gently
removed the drainage catheter, paying attention to leave the lead in place and avoid tip displacement from the target point. (G) Finally,
the lead exited from the skin and, after an intradermal passage for fixation, was connected to the cable of an external neurostimulator.

side the catheter towards the target point, carefully following
the trajectory established previously (Fig. 2E). The SNS screen
showed axial, sagittal, and coronal views of the stylet position
inside the patients body and reported the distance to the target
point in real time (Fig. 2F). When we reached the target point
with the catheter distal tip, we extracted the stylet and inserted
the lead up to the depth indicator positioned previously.

We used the Enhanced Verify (Medtronic) evaluation system
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to estimate the response. The patient reported a nonpainful
stimulus as a pulling sensation in the rectum, extending for-
ward to the external genitalia, with the following parameters:
intensity, 0.9 mA; frequency, 14 Hz; pulse width, 210 ps. We re-
tracted the catheter, paying attention to leave the lead in place
and to avoid lead tip displacement. After catheter removal, we
confirmed the optimal lead position with novel electrical stim-
uli. The lead was passed subcutaneously to secure it furtherly
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and connected to the patient cable with a ground pad (Fig. 2G).
The operative time was about 30 minutes. A transparent med-
ication was applied. No intraoperative complications occurred.

Postoperative Period

On the first postoperative day, we attached the external neuro-
stimulator, setting the parameters as tested the previous day,
and the patient was discharged home.

After 2 weeks, we removed the lead; the maneuver was easy
and uneventful. The patient reported no episodes of urge in-
continence: the ICIQ-SF score was 2 out of 19. The patient re-
ported a pain reduction (NRS=1-2 out of 10). We adminis-
tered the ICSI (3 out of 19) and ICPI (6 out of 16). A bladder
diary revealed a reduction in urinary frequency (12-5) and
nycturia (4->1). The patient had no sexual intercourse in the
considered period. The symptom improvement was >50%, so
the patient was recommended to receive a definitive SNM im-
plant.

We recorded no postoperative complications within 1 month.

DISCUSSION

The current strategy to place the lead for the PNE test has sev-
eral advantages: low-cost equipment, a rapid procedure, a mini-
mally invasive approach, and safety as outpatient surgery [7].
However, this procedure has significant technical limitations
due to the difficulties associated with optimal lead placement
along the afferent roots at the medial superior quarter of the S3
foramen, where the best nerve responses are obtained accord-
ing to the indications by Matzel et al. [8]. Indeed, the insertion
may be challenging under only fluoroscopic and/or ultrasound
guidance. These limits may be overcome by novel SNSs.

Our case report was a proof of concept for CALP during the
PNE test. We reported its feasibility in terms of all the materials
and methods described, and — most importantly —its safety.
Our approach provided significant assistance during preopera-
tive planning and intraoperative guidance.

Regarding the technical details, EM-guided surgical naviga-
tion was used instead of optical tracking, as the emitter detected
the stylet tip regardless of tissue deformations during lead in-
sertion [9]. Since the image-to-patient registration was the most
important step for accurate surgery, it was optimized by high-
quality image acquisition and effective placement of the fiducial
markers, which allowed a valid REM (<2 mm). The patient
tracker (i.e., the reference system) was attached to the patient,
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so body movements did not affect the reliability of the naviga-
tion.

The patient reported significant symptom improvement, as
objectively measured through NRS and questionnaires report-
ing >50% improvement, which is generally considered the suc-
cessful endpoint of the PNE test. Therefore, we planned to place
a definitive SNM implant in the patient. Thanks to the regis-
tered target points, it was possible to place the tined lead in the
same position reached during the successful PNE test, whereas
it would have been much more difficult with the standard ap-
proach.

This case report represents stage 1 of the IDEAL framework
for surgical innovations [10]. We presented our technical
achievements in detail to favor the adoption of our methodology
by other centers. Our experience suggests that the learning curve
may be steep, especially because we did not follow a specific
course. CALP adoption may be facilitated in hospitals where
similar SNSs are available and may be shared. Further cost-ben-
efit analyses should establish whether the increased expenses
would be overcome by improved clinical outcomes associated
with the potential benefits of CALP (e.g., increased surgical ac-
curacy, facilitation of complex surgery, possibility to replace a
lead in the same successful position after a PNE test or in case of
lead displacement and/or substitution).

To our knowledge, this is the first study reporting the use of
an image-guided SNS for lead placement during the PNE test
in a candidate for SNM. CALP is the next step of SNM, as the
adoption of SNSs may enable easy and safe lead placement
along the S3 afferent nerve roots.
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