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Purpose: The aim of this study was to develop a controlled approach for sacral neuromodulation
(SNM) to improve both nerve targeting and tined lead placement, for which a new computed
tomography (CT)-guided implantation technique was analyzed in minipigs.

Materials and methods: This study included five female, adult G6ttingen minipigs. In deep
sedoanalgesia, the minipigs were placed in an extended prone position. Commercially available
SNM materials were used (needle, introduction sheath, and quadripolar tined lead electrode).
Gross anatomy was displayed by CT, and the nerves were bilaterally identified. The optimal
angles to puncture the S3 foramen, the resulting access path, and the site for the skin incision
were defined subsequently. The needle puncture and the tined lead placement were followed by
successive CT scans/3D-reconstruction images. Once proper CT-guided placement of the needle
and electrode was established, response to functional stimuli was intraoperatively checked to
verify correct positioning.

Results: Successful bilateral tined lead implantation was performed in four out of five minipigs.
Implantation was different from the clinical situation because the puncture was done from the
contralateral side at a 30° angle to the midline and 60° horizontal angle to ensure both passage
through the foramen and nerve access. Surgery time was 50—150 minutes. Stimulation response
comprised a twitch of the perianal musculature and tail rotation to the contralateral side.
Conclusion: We have established a new, minimally invasive, highly standardized, CT-guided
SNM electrode implantation technique. Functional outcomes are clearly defined and reproduc-
ible. All procedures can be performed without complications. Future chronic stimulation studies
in minipigs can thereby be conducted using a controlled and highly standardized protocol.
Keywords: computed tomography, sacral nerve stimulation, large animal model

Introduction

In the field of functional urology, chronic stimulation of the sacral nerves has become
one of the most accepted methods of treatment.! Sacral neuromodulation (SNM) is
a therapeutic tool for treating a broad spectrum of lower urinary tract dysfunctions.
Urgency urinary incontinence, urgency and frequency syndromes, and nonobstructive
urinary retention are indications for SNM according to guidelines. Lead implantation
is regularly done under fluoroscopic control, but still under “blind” conditions, as the
nerve cannot be visualized by conventional X-ray. On the contrary, computed tomog-
raphy (CT) can properly display the bony anatomy and nerves and may therefore be
ideal to exactly implant leads. CT guidance allows precise anchoring of the leads; not
only the bony foramina of the sacrum, but also details of the targeted nerve fibers,
can be seen.” The pig is a suitable animal model as the anatomical, physiological, and
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pharmacological characteristics of its lower urinary tract are
considered more similar to that of humans than those of other
animal models.? In this study, we present a technique for a
targeted, CT-guided tined lead electrode implantation for
chronic SNM studies in a large animal model, the minipig.

Materials and methods

This study was approved by the Ethics and Deontology Com-
mittee for Research on Animals, Victor Babes University of
Medicine, Timisoara, Romania, and is in compliance with
the Association for Assessment of Laboratory Animal Care
guidelines.

Five female Gottingen minipigs (Ellegaard Gottingen
Minipigs A/S, Dalmose, Denmark), aged 6 months (weight:
21-26 kg), were included. Prior to implantation, the health state
of all animals was documented. Minipigs were prepared with
intramuscular ketamine (15 mg/kg) and xylazine (2 mg/kg).
Deep analgosedation (AS) was established and maintained by
intravenous administration of propofol (10 mg/kg). Fentanyl
(0.05 mg/kg) was given intravenously as analgesia prior to
the surgery and, if needed, given for a second time during
implantation.

Minipigs were placed in an extended prone position. An
initial CT scan and 3D reconstruction of the bony pelvis
was made, and the needle axis and angle were calculated
and marked by a felt pen on the minipig’s skin. The optimal
pathway for the tined lead insertion was defined by the leading
anatomical landmarks, ie, the neuroforamen (Figure 1) and
both origin and course of the S3 root. Moreover, the diameters

of the neuroforamen S3 were measured (Figure 2), and the
course of the sacral root S3 was identified for documentation
(Figure 3). The exact point of access was marked individually
for each single minipig according to and in correlation with
the CT scan and, if needed, under immediate CT control. The
main calculation procedure depended on the course of the
sacral root as we intended to place the lead as close and paral-
lel as possible. Accordingly, we inserted the puncture needle
in a defined angulation of 30° horizontal, 60° to the midline,
and from the contralateral side. Next, a rigid 0.014-inch
(0.035 cm) guidewire was inserted according to the Seldinger
technique. An introducer sheath was thereafter inserted into
the neuroforamen and, after the positions were proven by CT,
the guidewire was removed. Both guidewire and sheath were
from the Lead Introducer Kit 3550-18 (Medtronic Inc, Min-
neapolis, MN, USA). A tined quadripolar lead (Medtronic
tined lead 3889; Medtronic Inc) was then placed through
the sheath, and the proper position relative to the S3 root
was confirmed by another CT scan (Figure 4). Finally, the
introducer sheath was removed and a final CT examination
was conducted. All SNM lead placement steps are shown
stepwise in Figure 5. The first test of stimulation verification
was done intraoperatively by electrical stimulation with 50 Hz
for 450 milliseconds at 1-2 V to provoke the maximum effect
by monitoring the contraction of the perianal muscles, tail
rotation, and claw rotation. The implantable pulse generator
(IPG) and extension cables were implanted bilaterally into the
flank region. The minipigs were covered with an analgesia and
antibiotic regime for five consecutive days postimplantation.

Figure | Bony anatomy of the sacrum displaying the neuroforamina 1-3 (S|, S2, and S3) of a minipig.
Note: The dorsal (A) and the ventral (B) views of the SI1-S3 neuroforamina are displayed.
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Notes: The outer (A) and inner (B) diameters of the neuroforamen S3. The outer

Figure 2 Diameters of the neuroforamen S3 of one selected minipig.
diameter is 0.22 cm (arrow); the inner diameter is 0.13 cm (arrow).

uolpesul
alIMapIng

Lainjound
8|pesN

Figure 3 Course of the sacral nerve root S3 (arrow) of one selected minipig.
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Figure 4 Final CT reconstruction of bilaterally implanted tined leads (in blue) at

the neuroforamen S3.
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Abbreviation: CT, computed tomography.
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One week after implantation, stimulation was initiated.
For this purpose, the minipigs were placed in a hammock.
Leads were activated and the somatosensory response was
tested. Motor responses comprised a twitch of the perianal
musculature and, at stronger stimulation impulses, tail and
claw rotations. The final stimulation for chronic neuromodu-
lation was set to just below threshold.

After 3.5 months, the positions of the leads were reevalu-
ated by a control CT scan to confirm stable electrode position
by comparison with the position in the first control CT scan.

Results

The duration needed for bilateral implantation was 50—150 min-
utes. Nerves could be clearly visualized by CT. A shortcoming
was that due to the limited size of the minipigs’ neuroforamina
relative to the sheath and lead diameters, the puncture had to
be performed from the contralateral side to ensure both pas-
sage through the foramen and nerve access. In the majority of
the cases, the sheath did not pass through the neuroforamen
smoothly, and angulation of the needle/sheath needed one or
more corrections as the diameter of the neuroforamen was
too narrow and instruments too large as they are designed for
human application. By selecting an optimal and straightforward
pathway, avoiding any small deviation, the final passage through
the foramen and positioning of the lead alongside the S3 nerve
course is possible. Intraoperative stimulation responses were
observed in all animals as twitch of the perianal musculature
and, at stronger stimuli, tail and claw rotations. One tined lead
failed to be properly fixed as its position relative to S3 was too
superficial due to the inappropriate total length and the required
insertion depth considering the lead’s position versus S3. Finally,
four minipigs were implanted bilaterally and one unilaterally,
as shown in Table 1, apart from evaluating all final stimulation
parameters for chronic neuromodulation. The control CT after
3.5 months showed correct tined lead positions in all five minip-
igs. None of the leads migrated in relation to the first control CT.

Discussion

CT-guided electrode implantation seems to be feasible in
minipigs. Deep AS was chosen as the optimal sedation regime
as it has a strong analgesic effect. Moreover, it maintains

Table | Lead configurations applied for chronic SNM

the reflexes, which are necessary for the initial evaluation
of correct lead placement. Independent breathing is another
advantage when using deep AS, as consecutive CT scans are
necessary. We could use standard, “Conformité Européene”
(CE, meaning “European Conformity”)-marked implant
kits, tined leads, and IPGs, which allows a fast translation of
results to the clinics. Nevertheless, there are differences in the
approach between the technical details applicable for minipigs
and humans. The lead implantation has to be performed from
the contralateral side in minipigs in contrast to the ipsilateral
approach in humans. Moreover, the bony dimensions of the
neuroforamen S3 need to be preevaluated in the initial CT
scan to avoid mismatches. This is especially recommended for
younger minipigs (<6 months of age). Up to date, only few pub-
lications have studied the outcomes of SNM in pigs.** How-
ever, these studies contained nonsurvival designs, with varying
techniques underlying lead implantation into the sacral nerve
root S3. Only one study implanted tined leads by conventional
percutaneous implantation with fluoroscopy,* while the others
used open surgery. The functional stimuli response analogs to
SNM are clearly visible as perianal muscle contractions and,
at higher stimulation impulses, tail and claw rotations. These
observations are congruent with those in literature.’

Conclusion

We have established a new, minimally invasive, standardized,
CT-guided tined lead implantation technique for chronic
SNM in minipigs. Functional outcomes are clearly defined
and reproducible. All procedures can be performed without
complications and result in proper lead positioning without
migration. We have generated a reproducible, but nevertheless
clear, procedure for chronic stimulation studies in minipigs.
It follows current requirements of laboratory animal use as it
minimizes the durations of anesthesia, surgery, and suffering.
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ID Tined lead configuration SNM parameters Location of the IPG Mode of SNM
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2 =3+ R: 10 Hz 210 ms, | V Rostral at level L2/L3 Unilateral
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4 =3+ R: 10 Hz, 210 ms, | V; L: 10 Hz, 210 ms, 0.4 V Lateral at level L2/L3 Bilateral

5 =3+ R: 10 Hz, 210 ms, | V; L: 10 Hz, 210 ms, | V Lateral at level L2/L3 Bilateral

Abbreviations: ID, identity number; IPG, implantable pulse generator, L, left side; R, right side; SNM, sacral neuromodulation.
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