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options remain limited. Neurogenic lower urinary tract dysfunction is one of the prevalent and
significant complications, which is the result of its multi-system effects. Here, we present the case
of a 48-year-old man diagnosed with neuronal intranuclear inclusion disease based on existing
evidence and was complicated by neurogenic lower urinary tract dysfunction. Despite undergoing
some medical treatments, his lower urinary tract symptoms, including urinary incontinence,
incomplete or intermittent voiding, etc, continued to worsen while upper urinary tract injury
developed. Based on careful consideration of the patient’s condition and the available findings,
we performed an unprecedented sacral neuromodulation on him. Implementation of sacral
neuromodulation led to significant improvement in his urination function and alleviate kidney
function damage. Our case suggests a potential therapeutic role for sacral neuromodulation in the
treatment of neurogenic lower urinary tract dysfunction associated with neuronal intranuclear
inclusion disease. Additional research is required to determine the effectiveness of sacral neu-
romodulation in managing neurogenic lower urinary tract dysfunction caused by various
etiologies.

1. Introduction

Neuronal intranuclear inclusion disease (NIID) is a rare multisystem progressive neurodegenerative disease that affects multiple
systems and can be inherited either sporadically or through autosomal dominant inheritance. It is characterized by the presence of
eosinophilic, anti-ubiquitin and anti-p62 antibody-positive intranuclear inclusions in cells of central and peripheral nervous system,
skin, and internal organs [1]. Currently, it is believed that the genetic factor responsible for this condition involves an expansion of
GGC repeats in the 5' untranslated region of NOTCH2NLC [2]. NIID affects multiple bodily systems, including the central nervous
system, and can present with a range of multisystem. These may encompass cognitive decline, Parkinsonian features, episodic en-
cephalopathy, alterations in affect and mood as well as other central nervous system manifestations [3]. Additionally, it may manifest
with limb muscle weakness, limb paresthesia along with other peripheral nervous. Involvement of the autonomic nervous system can
result in pupillary constriction and bladder dysfunction. In addition to the central nervous system symptoms, urinary dysfunction is a
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highly prevalent and prominent manifestation in patients with NIID [4,5]. A number of studies have shown that more than half of
patients with NIID have bladder dysfunction, and the detection of anti-p62 and anti-ubiquitin antibody-positive cells in kidney and
bladder tissues proves that the urinary system is involved [6,7].

Sacral neuromodulation (SNM) involves the implantation of electrodes to deliver electrical pulses to the sacral nerves, thereby
influencing spinal reflexes related to bladder, intestinal tract, sphincter and pelvic floor function in order to improve and restore
urinary and excretory functions [8]. Although the mechanism of SNM is complex and still under investigation, this technology has
become increasingly mature and widely used in clinical practice. The use of SNM has been approved by the American Urological
Association, the European Association of Urology, and the US Food and Drug Administration for the treatment of severe refractory
overactive bladder, urge frequent urination syndrome, urge incontinence, chronic pelvic pain, and non-obstructive urinary retention
[9]. SNM is recognized as a possible therapy for neurogenic lower urinary tract dysfunction (NLUTD) in the current guideline.
However, there are no specific guidelines or recommendations available [10,11]. In this case report, we present a patient with NLUTD
due to NIID who underwent sacral nerve modulation and demonstrated significant improvement in postoperative micturition function
as well as upper urinary tract function.

2. Case presentation

A 48-year-old male with height of 175cm and weight of 75kg, was admitted to our hospital due to a history of nocturnal enuresis for
the past 2 years and worsening symptoms of incomplete emptying for the last 5 months. In November 2020, the patient gradually
developed discomfort including headache, dizziness, slowed reaction time, memory deterioration, and unexplained vision loss.
Additionally, he experienced occasional nocturnal enuresis. Subsequently, an MRI examination was conducted (Fig. 1). Considering
the possibility of autoimmune encephalitis, patient received treatment involving hormone, anti-epileptic and anti-anxiety drugs
intake, nerve nutrition supplementation as well as plasma exchange. However, there was no significant improvement observed in his
condition. With the progress of the disease, the patient also had seizures, emotional anxiety and other symptoms, and nocturnal
enuresis was more frequent. In August 2022, his nocturnal enuresis escalated in frequency. To avoid it, he urinated at 2 and 4 o ’clock
at the reminder of family. Additionally, he experienced accompanying issues such as prolonged micturition time, hesitancy before
urination, incomplete or intermittent voiding, reliance on abdominal pressure for urination, significantly diminished bladder sensation
during filling, absence of relief during micturition, and difficulty distinguishing between defecation and urination. He had a skin
biopsy. Inclusion bodies-like structures were observed in the ductal epithelial cells of eccrine sweat glands (located in the skin and
subcutaneous tissue of the lateral left calf), which exhibited positive staining for ubiquitin and P62. Additionally, genetic analysis
confirmed a total of 143 GGC repeats in the NOTCH2NLC gene, thus confirming a diagnosis of NIID (Fig. 2). In September 2022, the
color Doppler ultrasound (CDU) of his urinary system revealed no bilateral ureteral dilatation (Fig. 3A). In February 2023, a repeat
CDU and residual urine measurement were conducted, revealing bilateral hydronephrosis, bilateral ureteral dilatation, and an
increased amount of residual urine (Fig. 3B and C). He has been diagnosed with diabetes mellitus for a duration of 2 years, and the
blood sugar is controlled very well. He was married and worked as a dentist. The investigation into his family history revealed that no
NIID patients with similar symptoms have been identified among his close relatives thus far, suggesting that he may be a sporadic case.
After his admission to the hospital, a physical examination was conducted, revealing dullness on percussion of the bladder. He
maintained a voiding diary for several days and underwent evaluation using the Neurogenic Bladder Symptom Score (NBSS), yielding
a score of 38 (supplementary material 1 and 2). His serum creatinine level was measured at 132umol/L (reference range: 62-106pumol/
L), and the estimated glomerular filtration rate (eGFR) was determined to be 57.7ml/(min*1.73m?) (reference range: >90 ml/
(min*1.73m?). All other laboratory parameters including blood routine, urine routine, liver function, electrolytes, coagulation
function were within normal limits. A plain CT scan of the pelvis revealed a distended bladder with irregular thickening of the bladder
wall (Fig. 4). Urodynamic studies demonstrated no spontaneous urine flow prior to insertion of the bladder piezometric tube, followed
by extraction of approximately 180ml of urine upon insertion. Simultaneous measurement of pressure-flow rate showed increased
bladder capacity, decreased sensation, and normal compliance. No detrusor overactivity was observed during retention of urine, and
no detrusor contraction was observed during voiding (supplementary material 3). We considered that the patient had NLUTD caused
by NIID, and we tried to perform surgery to help him improve urination and protect renal function. The initial procedure took place
February 22, 2023. Under local anesthesia, a temporary sacral nerve stimulator was surgically implanted, with electrodes inserted

Fig. 1. MRI showed abnormal signals in multiple regions of the brain.
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Fig. 2. The horizontal axis represents the fragment length (nt), and the vertical axis represents the fluorescence signal intensity.

Fig. 3. (A) Mild prostate enlargement and no bilateral ureteral dilatation (September 2022) | (B) Bilateral hydronephrosis, bilateral upper ureteral
dilatation, and bladder wall thickening (February 2023) | (C) Post-voided residual urine was approximately 500ml (February 2023) | (D) Bilateral
hydronephrosis, bilateral upper ureteral dilatation (March 2023) | (E) Post-voided residual urine volume in the bladder was approximately 375ml
(March 2023) | (F) Bilateral ureters were not dilated, the bladder wall was significantly thickened, and the prostate was regularly shaped (November
2023) | (G) The residual urine in the bladder after voiding was about 10ml (November 2023).

Fig. 4. Distended bladder with irregular thickening of the bladder wall.

Fig. 5. (A) A temporary sacral nerve stimulator was surgically implanted | (B) Convert the temporary sacral electrical stimulator into a perma-
nent one.
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through S3 sacral foramen. The current was set to 1.2mA, pulse width to 210mcs, frequency to 14Hz, positive and negative electrodes
to 0-3+, and multiple contacts were tested to confirm response(Fig. 5 A). On the night after surgery, the patient could get up and go to
the bathroom without bed-wetting. The patient was observed in the hospital for 5 days after the operation. Since the operation, he no
longer wet the bed after falling asleep at night, and he did not need an alarm clock or other people to remind him to get up. He kept a
voiding diary for the days after surgery, with reduced voiding times at night. Following the patient’s return home, there was a sig-
nificant improvement in his urinary symptoms, prompting him to opt for hospital readmission for surgical intervention permanent
sacral nerve stimulation implantation. On March 8, 2023, we conducted procedure to convert the temporary sacral electrical stim-
ulator into a permanent one(Fig. 5 B). Post-procedure observation within the hospital setting revealed an absence of nocturnal
enuresis. On March 20, 2023, CDU of his urinary system was performed in the outpatient clinic, which revealed little change and a
decrease in residual urine volume(Fig. 3 D and E). Renal function testing, performed on March 21, 2023, revealed a serum creatinine
level of 83umol/L (reference range: 62-106pmol/L) and an estimated glomerular filtration rate of 101.1 ml/ (min*1.73m?) (reference
range: >90 ml/(min*1.73m?)). The patient was followed up at our hospital’s outpatient department on November 20, 2023. He re-
ported the absence of nocturnal enuresis or decreased nocturnal urination post-surgery, significant reduction in urination time, and
improvement in NBSS score (supplementary material 4). Renal function test revealed a serum creatinine level of 87umol/L (reference
range: 62-106pmol/L). CDU showed no bilateral hydronephrosis and bilateral ureters were not dilated. Residual urine was about 10ml
(Fig. 3F and G). Moreover, we found from our communication with the patient that the frequency of headache and dizziness was
reduced, the mental state was better, and the reaction time was faster than before. Urodynamic assessment with pressure flow rate
synchronous measurement indicated normal bladder capacity and weakened sensory function, while compliance remained normal
without detrusor overactivity during urine storage and normal detrusor muscle contraction during voiding (supplementary material
3). Notably, there was significant improvement observed in the patient’s clinical symptoms as well as renal function, hydronephrosis of
the kidney and residual urine volume in the bladder. It is recommended that the patient continues to undergo regular follow-up ex-
aminations at the outpatient clinic to verify the long-term effects.

3. Discussion

NIID poses challenges in diagnosis due to its highly variable clinical manifestations. Over the past few decades, there has been a
dearth of minimally invasive examination methods that could effectively aid in diagnosing NIID. However, depending on the iden-
tification of eosinophilic inclusions in skin biopsy specimens, the detection of high signal along the cortico-medullary junction through
diffusion-weighted imaging of the brain, and GGC repeat amplification analysis of the NOTCH2NLC gene, it is now possible to achieve
clearer diagnoses for this rare disease even when presented with multi-system and complex clinical manifestations [12,13]. Some
studies revealed that bladder dysfunction is a prevalent clinical manifestation among NIID. Yun et al. discovered in their study
involving 247 NIID patients that approximately 64 % exhibited autonomic dysfunction, with 119 of these individuals experiencing
unexplained bladder dysfunction, which stands as the most common symptom associated with autonomic dysfunction [14]. Hongfei
Tai conducted a comprehensive investigation on 223 NIID patients, revealing that 55.6 % of them suffered from rectal and bladder
dysfunction [15]. Additionally, Nakamura M et al. found that voiding dysfunction was sometimes an initial symptom preceding other
neurological manifestations in certain NIID patients [16]. Currently, there are no effective treatments available to cure or slow down
the progression of NIID; therefore, symptomatic treatment is primarily employed in clinical practice alongside nutritional support and
psychotherapy to alleviate symptoms and enhance quality of life for affected individuals [17].

Urinary retention in male patients can be classified as obstructive or non-obstructive according to the causes. The obstruction may
be caused by internal causes such as prostatic hyperplasia, lower urinary tract malignancy, urinary tract infection, blood clots, urethral
strictures, and bladder stones, or by compression from the lesion structure outside the urinary tract. Repeated urinary tract infections
can cause structural changes in the urethra, resulting in urethral strictures and obstructions, such as urethral diverticula [18].
Non-obstructive urinary retention is mostly caused by abnormal neurological function of the lower urinary tract, including the bladder.
Acute causes of NLUTD include compression of the spinal cord or cauda equina nerve root and central nervous system emergencies.
Diabetic neuropathy can cause chronic impairment of urination function. Taking anticholinergic drugs may also have adverse effects
on urinary tract neurological function [19-21].

Pharmacotherapy of NLUTD is currently only performed in the setting of detrusor overactivity. Although the use of drugs to
improve detrusor contraction has been studied, their use in clinical practice is controversial and there is insufficient evidence to
recommend its routine use to improve bladder emptying. To date, no drug treatment for neurogenic detrusor underactivity has been
recommended [22]. In patients with chronic urinary retention, bladder urine drainage is required. Clean intermittent catheterization is
a safe method, but it requires repeated catheterization operations. The most common complications include urinary tract infection,
bleeding, and urethral lesions. The discomfort during catheterization can reduce the compliance of patients. Some factors may limit the
implementation of clean intermittent catheterization, such as urethral lesions, motor sequelae, tremor or difficulty in operation,
cognitive impairment, neuropathic pain, etc., resulting in the need for long-term indwelling catheters in patients. Long-term
indwelling catheter can lead to complications such as urinary tract infection and bladder stones. Chronic inflammation caused by
urinary tract infection may lead to an increased risk of bladder cancer [23]. Cystostomy is a method of bladder urine drainage without
repeated catheterization operation. However, cystostomy cannot be easily accepted by patients because of its invasiveness and nursing
difficulties. Some patients with long-term indwelling catheter or bladder stoma may have recurrent urinary tract infection, which is
closely related to the onset of encephalopathy [7,24]. Sphincterotomy has the potential to limit male reproduction, and is relatively
invasive. The procedure can also lead to a series of complications, such as hematuria, bacteremia, recurrence of urinary tract infection,
urethral stricture, and autonomic nerve reflex disorders [25,26].
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In this case report, the patient was diagnosed with NIID based on his multisystemic symptoms, diagnosis and treatment across
multiple medical centers, genetic analysis, skin biopsy, and other ancillary examinations. Despite undergoing various medical treat-
ments, there was partial improvement in neuropsychological function and reduction in cranial lesions; however, lower urinary tract
symptoms continued to progress. It is worth noting that the patient has diabetes, which may have contributed to the dysuria. However,
he has a history of good glycemic control and no history of peripheral neuropathy, such as distal extremity neuropathy, or renal
disease. His dysuria symptoms developed and progressed after the central nervous symptoms of NIID. We concluded that the patient
had NLUTD due to NIID. NLUTD refers to impaired bladder and urinary sphincter function resulting from specific alterations in the
central nervous system and/or peripheral nervous system caused by various neurological disorders [22,27]. The patient had nocturnal
urinary incontinence, decreased perception of urination, weakness of urination, increased residual urine, weakened bladder sensation
during retention of urine, and weakened detrusor contraction during contraction, which reflected the overfilling of the bladder and
caused filling urinary incontinence. The feeling of urination and motor function of patients are affected by the disease, and they cannot
normally perceive the desire to urinate and actively urinate. We noted that the upper urinary tract structure was affected, possibly
related to the obstruction caused by lower urinary tract symptoms, and that the patient’s renal function was also impaired to some
extent. NLUTD is associated with various complications, including deterioration of the upper urinary tract and an increased risk of
bladder malignancy, leading to significant morbidity and mortality. The management of NLUTD aims to control urinary incontinence,
enhance quality of life, and prevent or minimize complications such as urinary tract infections and impaired upper urinary tract
function. Timely intervention can help prevent further decline in renal function [25,28]. SNM demonstrates efficacy not only in
addressing lower urinary tract dysfunction but also intestinal dysfunction [29]. In the case of non-obstructive urinary retention, SNM
has been proven to restore coordinated urination and is an effective treatment approach [8,30]. Based on these studies and the pa-
tient’s preferences, we have decided to perform SNM.

We conducted a comprehensive literature search using databases such as PubMed, MEDLINE, Embase, and Google Scholar with
specific keywords including "neuronal intranuclear inclusion disease," "neurogenic lower urinary tract dysfunction," and "sacral
neuromodulation." To the best of our knowledge, there is currently no documented evidence of SNM being utilized for the treatment of
NIID complicated with NLUTD.

Our patient demonstrated significant improvement in lower urinary tract symptoms following sacral nerve stimulator implanta-
tion. The patient achieved nocturnal continence and experienced reduced frequency of nighttime urination, shorter voiding time, and
absence of the need for abdominal pressure to initiate urination. Additionally, there was no longer any occurrence of urinary in-
continence during bladder filling. We observed a recovery in the patient’s urinary perception and function post-surgery, as well
improved clarity in their sensation of both urination and defecation. The patient’s renal function, hydronephrosis of kidney, urody-
namics and bladder residual urine volume showed improvement during the follow-up period. As can be seen from the voiding diary we
recorded after the first surgery, the patient’s urinary incontinence improved significantly after the first temporary SNM. Recent studies
have shown that there is a significant correlation between subjective voiding diary parameters and urodynamic examination results
before and after SNM, and urodynamic examination can be used to replace voiding diary recording, so as to shorten the cycle of testing
treatment effect [31]. The urodynamics was evaluated again at the postoperative follow-up, and the voiding activity was significantly
normalized compared with that before surgery. These findings collectively indicate that SNM was beneficial for managing NLUTD in a
patient with NIID. SNM is a minimally invasive and reversible treatment. The precise mechanism of its action remains unclear and may
be attributed to the stimulation of afferent and efferent nerve fibers that connect the bladder and pelvic floor, spinal interneurons, as
well as the central nervous system [32]. This stimulation likely affects not only motor responses of the detrusor or urethral sphincter
but also exerts significant effects on bowel function, sexual function, and pelvic pain management. Consequently, SNM can be
considered a systemic treatment approach rather than one solely targeting bladder-related symptoms [33,34]. In many cases, SNM
involves stimulating the S3 nerve root using an electrode implanted through puncture techniques. This preference could be attributed
to its inclusion of sensory fibers from the pelvic floor along with parasympathetic fibrous muscle activity while establishing a reflex
pathway connecting the spinal cord to higher centers within responsible for regulating micturition [35].

The efficacy of SNM in the treatment of NLUTD caused by neurological disorders remains unclear [36]. It has now been suggested
that SNM could be equally effective in treating such patients. Some evidences suggest that the success rate of SNM treatment for
individuals with neurological diseases or injuries may be comparable to the established indications of SNM for non-neurogenic Lower
urinary tract dysfunction [37].SNM has a significant impact on bladder dysfunction in patients with multiple sclerosis (MS), which is
also a central nervous system disease often accompanied by urinary dysfunction [38,39]. Daniele Minardi et al. performed SNM on 25
MS patients with refractory lower urinary tract symptoms, of whom 15 patients (60 %) showed significant improvement in voiding
symptoms [40]. Liechti, Martina D et al. demonstrated that sacral nerve electrical stimulation exhibited for NLUTD. However, there
remains a dearth of long-term and large-scale clinical studies to substantiate its long-term effectiveness and safety [41]. Long-term
treatment necessitates consideration of the progressive deterioration of neurological status over time and disease progression,
while future research should longitudinally investigate the correlation between bladder symptoms, changes in neurological status, and
SNM outcomes [42]. Despite the potential impact of numerous neurological diseases and injuries on lower urinary tract function,
symptoms exhibit considerable consistency [36]. There is currently no standardized approach for sacral nerve stimulation in terms of
parameters, frequency, and electrode positioning across different neurological diseases [29]. Furthermore, it remains unclear which
patients with neurological conditions are most suitable for this intervention. Necessitating further comprehensive research to validate
its efficacy [26]. Further research is required to investigate the specific mechanism of SNM action, including elucidating how SNM
induces alterations in afferent signals and brain activity [43,44]. Advancements in device technology, such as miniaturized devices
equipped with enhanced batteries or charging systems, as well as devices compatible with magnetic resonance imaging, will enhance
the user-friendliness of SNM [45]. Therefore, it is crucial to foster multidisciplinary collaboration for effective management of lower



X. Jin et al. Heliyon 10 (2024) e32374

urinary tract dysfunction [46,47].
4. Conclusion

With ongoing research and of diagnostic methods and criteria, an increasing number of cases of NIID can now be definitively
diagnosed. Currently, treatment for NIID primarily focuses on managing symptoms to minimize complications, but there is no effective
means to alleviate or reverse the underlying disease itself. Lower urinary tract dysfunction is a prevalent manifestation among NIID
patients with complex clinical presentations. It necessitates careful attention and effective intervention to mitigate physical and
psychological impacts on patients while enhancing their prognosis. SNM represents a potential, minimally invasive and reversible
treatment technique that has demonstrated promising short-term efficacy. however, further studies are required for validation pur-
poses. Future clinical interventions and research should prioritize exploring this potential therapeutic approach.
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