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similar to the PRG. Finally, the PRG is well positioned to
contribute as active partners in shaping the future priori-
ties and focuses of the PMC.

In conclusion, the PRG offers an innovative, tested,
and comprehensive model to appropriately integrate
stakeholder and patient perspectives into healthcare re-
search. By including a framework that supports all four
facets (researchers, patients, clinicians/clinical leaders,
community/stakeholders) of health research throughout
the research lifecycle, studies obtain legitimacy and re-
source support that is not easily found elsewhere. The
PRG offers inclusive engagement, external buy-in, and a
community-connected perspective that is sure to provide
a Voice for the Voiceless.
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Since the first spinal cord electrode implantation in 1967 by
Shealy et al., spinal cord stimulation (SCS) has gained an
established role in standard pain practice [1]. In SCS, epidu-
ral electrodes are used to electrically modulate the circuitry
in the spinal cord, thereby altering the functional connectiv-
ity between peripheral or central pain generators and pain
perception networks. Little has been reported on side effects
caused by disrupting the functional connectivity of nonpa-
thological non-pain pathways. In the present commentary ar-
ticle, we report on 11 patients with a normal
(nonpathological) spinal cord presenting with stimulation-
related autonomic side effects during SCS. We discuss the
clinical and pathophysiological aspects and propose diagnos-
tic and therapeutic guidance for clinicians encountering auto-
nomic side effects in patients receiving SCS. In theory, loss of
normal bladder function can be attributed to an electrical
stimulation—induced alteration of functional connectivity,
which induces reversible neurogenic bladder symptoms.

Of 386 patients treated with SCS at the University
Hospitals Leuven between 2005 and 2021, three patients
(0.8%) with SCS presented with new stimulation-related
micturition side effects. Table 1 summarizes patient-
specific details and stimulation-relatedness.

A 47-year-old male with complex regional pain syn-
drome after a crush injury of the right hand received an
epidural quadripolar electrode (Pisces Quad Medtronic,
Minneapolis, MN, USA) at C6-C7 in 2000, which
resulted in significant pain relief. Nine years after the ini-
tial implantation, he developed abdominal paresthesia
and new-onset urge incontinence (a strong urge to mictu-
rate during stimulation ON). Switching the stimulator
off could completely and immediately resolve symptoms.
The patient had no other medical history or preexisting
urinary problems, no recent changes in medication or in
SCS use, and no triggering factor that could be withheld.
Urodynamic studies in ON-OFF mode revealed a blad-
der capacity of 140 mL with normal compliance and nor-
mal miction phase without residue in the OFF mode. In
the ON mode, bladder capacity was limited to 17 mL,
and immediate loss of urine occurred because of detrusor
overactivity, i.e., an abnormal overactive contraction
(Figure 1). Electromyography (including the pelvic floor)
revealed bilateral changes in the motor unit potentials of
lumbosacral levels L4-S4 in the ON mode (light polypha-
sic motor unit potentials with irregular firing).
Radiography showed no displacement of the electrode,
and urinalysis was normal. After multiple unsuccessful
reprogramming attempts (abdominal paresthesia disap-
peared, and urinary incontinence ameliorated somewhat
but persisted), a revision with an octopolar electrode
(Medtronic, Minneapolis, MN, USA) positioned at a
higher cervical level (C4-C7) resulted in good pain con-
trol without urinary side effects. Urinary incontinence,
however, reappeared after 3 weeks and remained stimu-
lation dependent at follow-up, for which reason the pa-
tient still wears urinary pads. Botulinum toxin bladder
injections were refused by the patient because of

reimbursement issues. Seven years later, turning the stim-
ulation off still completely abolishes incontinence, and
during impedance measurement, the patient involuntarily
loses urine.

A 68-year-old male with failed back surgery syndrome
after right-sided L4-L5 discectomy had been treated with
SCS since 2000 for bilateral neuropathic pain in the
lower limbs. In his history, only mild obstructive urinary
symptoms (which required no further treatment) were
relevant. There were no recent changes in medication
use. Since placement of a new octopolar electrode
(Medtronic, Minneapolis, MN, USA) at the T10-T11
vertebral level in 2020, the patient reported a sudden ex-
acerbation of obstructive urinary symptoms (increased
hesitancy with impossible miction in the first minute and
increased intermittency), as well as difficulties in defeca-
tion. Symptoms were relieved by turning the stimulator
off. During a 3-day OFF trial, all symptoms improved
and returned to baseline. Electrode radiography, mag-
netic resonance imaging, and urinalysis were normal
(Figure 2). Reprogramming of stimulation parameters
(2+3-4-5 +, 4.15V, 330 ps, 60Hz) by decreasing the
amplitude to 3.2V led to improvement of the exacer-
bated symptoms while maintaining a good effect on neu-
ropathic pain (the preoperatively known mild obstructive
symptoms persisted).

In a 41-year-old woman with a newly implanted epi-
dural electrode with the lower tip at the T11-T12 level
for failed back surgery syndrome (after left-sided L5-S1
microdiscectomy) with unilateral neuropathic pain, two
unprecedented episodes of significant and sudden urinary
incontinence occurred in the first 3 months after SCS im-
plantation. Between episodes, she had no urinary symp-
toms. The electrode was initially inserted at the T9-T10
level, but postoperative radiography revealed accidental
displacement of the electrode (T11-12) as compared
with intraoperative images. This displacement was ac-
cepted, as there was excellent pain relief. There was no
relevant history or change in medication use. A direct
causal role between SCS and the patient’s urinary prob-
lems was less clear than in the two previously described
patients, as urodynamic studies performed in ON mode
were completely normal. The patient is currently in fol-
low-up, and reprogramming will be considered in case of
new urinary incontinence.

To compare our findings with international databases,
we performed a search in the ongoing international PSR/
ISPR database (Medtronic, Minneapolis, MN, USA;
Product Surveillance Registry [PSR], 2012-2021 and on-
going; Implantable Systems Performance Registry [ISPR],
2003-2016). This search resulted in eight additional
patients with urinary side effects associated with SCS,
out of a total of 2,259 patients (0.35%). Five patients
presented with irritative urinary symptoms (urgency, fre-
quency, or incontinence), and three presented with ob-
structive  autonomic  symptoms. More detailed
information on the complaints, the stimulation-
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Figure 1. Patient 1—urodynamic studies in ON and OFF mode. Left: Urodynamic study in OFF mode revealed a bladder capacity of
140 mL with normal compliance and normal miction phase without residue. Right: Urodynamic study in ON mode showed bladder
capacity limited to 17 mL, and immediate loss of urine occurred because of detrusor overactivity, i.e., an abnormal overactive

contraction.

23

Figure 2. Patient 2—electrode radiography and MRI. Patient 2 had stimulation-related obstructive autonomic symptoms during
SCS for failed back surgery syndrome. After placement of a new octopolar electrode in 2020, stimulation-related obstructive urinary
and fecal symptoms developed. Radiography revealed correct position of the electrode epidurally at the T10-T11 vertebral level.
MRI confirmed correct position of the electrode and ruled out damage to the conus or spinal cord after surgery (MRIl-compatible

system). MRI= magnetic resonance imaging.

relatedness (by turning the stimulation ON and OFF),
and reprogramming effects is presented in Table 1.

The present report aims to increase awareness about
possible autonomic side effects of SCS. Two previous
case studies discussed micturition inhibition during thor-
acolumbar SCS in patients with previous spinal cord in-
jury [2, 3]. Urinary adverse effects were categorized as
“very rare” in a recent review, based on these reports [4].
According to our report, autonomic bladder dysfunction

could occur in an estimated 0.3-0.8% of patients receiv-
ing SCS.

Urinary side effects were seen in both cervical and tho-
racic electrode locations and can encompass the spectrum
of both obstructive and irritative bladder and bowel
symptoms (obstructive bladder symptoms in 4/11, irrita-
tive bladder in 7/11, obstructive bowel in 3/11, and irrita-
tive bowel in 1/11 subjects). Furthermore, a direct causal
link between neurostimulation and reversible bladder
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symptoms is suggested by 1) a urodynamic study in ON-
OFF mode in one patient, 2) involuntary urine loss dur-
ing routine electrode impedance measurement at a clini-
cal visit in two patients, and 3) resolution of symptoms
by turning the stimulation OFF in eight patients (not
reported in three). Reprogramming of the stimulation
parameters resulted in resolution of symptoms in three of
five patients (i.e., the five out of eleven subjects that
underwent reprogramming. A watchful waiting strategy
was deployed in one out of eleven and no information on
management in the remaining five out of eleven subjects),
one of five showed partial resolution (resolution of the
exacerbated symptoms, though baseline prostatism com-
plaints remained), and one of five showed improvement
without complete resolution, for which a surgical revi-
sion brought partial relief.

Conversely, SCS has been experimentally used to treat
urinary dysfunction [5]. A case report described a patient
with preexisting urinary incontinence, for which she re-
ceived sacral nerve stimulation [6]. She concomitantly
suffered from failed back surgery syndrome after lumbar
surgery, for which an SCS device was implanted
(T8-T10). This resulted in excellent pain relief and an
unforeseen relief of urinary incontinence, which allowed
the sacral neurostimulator to be discontinued [6].
Another article reported on high-frequency SCS in treat-
ing neurogenic bladder incontinence in spinal cord injury
or neurological disease [7].

We offer a diagnostic and therapeutic guide for clini-
cians encountering autonomic side effects in SCS in daily
practice. As a first step, one should determine a probable

causality between stimulation and the side effect: A de-
tailed history of the complaint, ON-OFF stimulation
trials (and provoking symptoms during impedance mea-
surement), and urodynamic studies in ON and OFF
mode can objectify the impact of stimulation on voiding.
Electromyography (including the pelvic floor) might re-
veal a functional impact on normal motor function.
Second, there exists a complex interplay between the neu-
ral control of micturition and (chronic and acute) disease,
medications, and spinal cord injury. To differentiate, rul-
ing out spinal cord (or conus) damage with magnetic res-
onance imaging (if the stimulation device allows, and
especially if symptoms started after electrode insertion),
assessing correct epidural position with electrode radiog-
raphy, ruling out infection with urinalysis, and reviewing
medications (e.g., opioids) and concurrent medical dis-
eases affecting micturition (e.g., benign prostatic hyper-
plasia, diabetes mellitus, stroke, Parkinson’s disease, etc.)
are necessary. Consultation with an expert urologist can
be useful (Figure 3).

We propose reprogramming stimulation parameters
as a first step in an attempt to resolve side effects. If this
fails, surgical repositioning of the electrode might allevi-
ate symptoms. Decreasing the amplitude of stimulation
will decrease the volume of activated tissue, whereby,
hypothetically, the tracts related to micturition will be
less affected by SCS. A replacement in a different posi-
tion can theoretically benefit the patient, as the target
tissue activated by stimulation will differ. One could
speculate that such stimulation will still result in positive
effects on pain while at the same time avoiding the

Urinary side effect after SCS trial or implantation

Detailed history of the complaint

Is there a causal relation between stimulation and side effect?

1) Review current electrode

2) Determine stimulation-relatedness

3) Differential diagnosis - Consultation of

Review of stimulation parameters +  ON-OFF stimulation trials during several days expert Urologist
Determine correct electrode position (X-ray) +  Elicitable urinary symptoms during impedance Shtled'l:aldt?ai;;ases [el.l'gttjl Pa::jnson"s disease,
Rule out spinal cord injury (MRI if the stimulation Megsunamant s Y ) )
device allows it — especially if symptoms started +  Urodynamic studies in ON-OFF mode Review of medications (e.g., pain medication)
afier:alecirude phcement) - (Electromyography (including the pelvic floor) in Spinal cord injury
ON-OFF mode) Urinalysis (rule out urinary tract infection)
* Et.

Probable, possible or uncertain causal relation between stimulation and side effect

Management options
1)  Reprogramming of stimulation parameters
2) Surgical repositioning of the electrode

3) Symptomatic treatment — Consult expert
Urologist (e.g., Botulinum toxin injections for
overactive bladder symptoms)

Figure 3. Diagnostic flowchart. Suggested diagnostic measures to guide clinicians in determining a probable, possible, or uncertain
causal relation between stimulation and urinary side effects after SCS trial or implantation. X-ray = radiography; MRl = magnetic

resonance imaging.
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Table 2. Anatomic and functional organization of neural micturition control

Efferent innervation

Peripheral and Spinal Innervation

CNS

Peripheral nerves

Function

Intermediolateral region of sacral spinal cord S2-S4

Autonomic parasympathetic
Sacral roots (S2-54) and pelvic nerves
Ganglia in pelvic plexus and bladder wall

Contraction of detrusor (smooth) muscle: voiding
Relaxation of urethral (smooth) muscle

Thoracolumbar spinal cord T11-L2

Autonomic sympathetic
Hypogastric and pelvic nerves

Ganglia in inferior mesenteric plexus and
paravertebral sympathetic chain

Relaxation of detrusor (smooth) muscle: storage
Contraction of bladder neck and urethra (smooth)
muscle: storage

Motor neurons in lateral ventral horns of
sacral spinal cord $2-54 (Onuf’s nucleus)

Afferent innervation
Peripheral nerve fibers

Somatic

Pudendal nerves

CNS

Contraction of external (striated) urethral sphincter

Function

AJ fibers (myelinated)

C fibers (unmyelinated) (“silent” fibers)

Cell bodies located in dorsal root ganglia

Axon travels to dorsal horns of T11-L2
(filling status) and the S2-54 segments
(sensation of bladder neck and sphincter)

Bladder filling: passive distension and active
contraction
Nociception, temperature, pH

Peripheral nerves CNS Function

Pelvic and hypogastric nerves T11-L2 Sensation of bladder fullness

Pudendal and hypogastric nerves S2-S4 Sensory information of bladder neck and urethra
Supraspinal Micturition Centers

Specific micturition regions Function

PAG (central and lateral PAG)

PMC, Barrington’s nucleus

Anterior cingulate (medial frontal cortex)

Prefrontal cortex (e.g., inferior frontal gyrus)

Insula
Hypothalamus (caudal and preoptic)

Important relay station through (often reciprocal) connections between spinal cord, higher micturi-

tion regions, and PMC:

® Registration of bladder filling sensations: receives and passes bladder afferent input to supraspi-
nal micturition regions (prefrontal cortex, insula, anterior cingulate, thalamus . . .)

® Manipulation of the firing of the voiding reflex: receives input from supraspinal micturition

regions

* Controls the primary input to the PMC: excitates PMC, which facilitates voiding.

Important supraspinal output center

Facilitates voiding (e.g., spinobulbospinal pathway)
Attributing attention to afferent bladder signals

Reacting to afferent bladder signals: decision to void or recruiting mechanisms against voiding

(e.g., external sphincter contraction)

Determining social appropriateness to void (reciprocal connections with PAG and connections with

hypothalamus and anterior cingulate): exerts tonic suppression of PAG input to the PMC during

bladder filling, which prevents incontinence

Visceral sensation (desire to void)

Likely role in permitting voiding when environment is deemed “safe” (through direct control of

PMC)

During bladder filling, a local interneural spinal reflex known as the “guarding reflex” promotes continence. Afferent vesical input (pelvic nerves) stimulates

spinal sympathetic output, which leads to contraction of the bladder neck and urethra (hypogastric nerve), inhibits detrusor muscle contraction, and stimulates

pudendal output to the external sphincter (contraction). A pontine storage center might also contribute to external urethral sphincter contraction. The spinobul-

bospinal reflex facilitates voiding. Afferent ascending input passes via the PAG to the PMC, which stimulates parasympathetic output to the detrusor muscle (con-

traction) and internal sphincter (relaxation) and inhibits sympathetic and pudendal output. Higher cerebral regions are responsible for conscious sensation,

integration of the social environment, and the switch between storage and voiding.> ° CNS = central nervous system; T = thoracic; L = lumbar; S = sacral;

PAG = periaqueductal gray; PMC = pontine micturition center.

adverse effects due to stimulation of the micturition
tracts. No specific stimulation parameters or lead posi-
tions are known to cause these adverse effects, nor do
optimal programming or placement strategies exist to
avoid these symptoms. For refractory cases, the benefits

of SCS should be weighed against the burden of micturi-
tion dysfunction. Symptomatic treatment (e.g., botuli-
num toxin injections for overactive bladder) by an
expert urologist might alleviate symptoms while keeping
stimulation in place.
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The exact mechanisms underlying autonomic side effects
in SCS remain elusive, and neural control of micturition is a
complex system (its components are summarized in
Table 2) [8, 9]. SCS might act locally through interference
with the local afferent and interneural network in the spinal
cord, which is located mainly in the superficial dorsal horn,
dorsal commissure, and intermediolateral region (local spi-
nal reflexes). Passing efferent autonomic or somatic fibers
could be modulated in the same way. Furthermore, disrupt-
ing the functional connectivity between the spinal cord and
supraspinal micturition centers by modulating ascending
and descending autonomic spinal tracts involved in micturi-
tion could be an alternative mechanism. Indeed, as pre-
sented, cervical electrode positions can cause these side
effects, remote from the local spinal micturition regions
(thoracolumbar and sacral spinal segments). Lastly, modu-
lation of supraspinal micturition regions could possibly ex-
plain side effects seen in thoracolumbar and cervical
electrodes, as SCS is known to cause both functional and
morphometric distant brain effects (e.g., through prefrontal
regions and the anterior cingulate cortex, which are regions
that are also involved in micturition) [10, 11]. Further re-
search is needed to elucidate patient- and stimulation-
related factors predisposing to  stimulation-induced
autonomic side effects, as well as mechanisms of action and
subsequent therapeutic interventions.
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