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Abstract
Background  Organophosphate-Induced Delayed Neuropathy (OPIDN) is a rare neurological disorder triggered 
by exposure to organophosphorus compounds. These compounds exert their neurotoxic effects by impacting the 
nervous system, leading to systemic manifestations. Urinary system symptoms are infrequently observed in clinical 
settings. Currently, effective therapeutic interventions for OPIDN-related urinary symptoms are lacking. Sacral nerve 
modulation therapy, an FDA-approved approach for managing lower urinary tract symptoms, presents as a promising 
option. Herein, we present a case of OPIDN-induced lower urinary tract obstruction successfully treated with sacral 
nerve modulation therapy, resulting in substantial symptom relief.

Case report  A 27-year-old male patient presented with severe bilateral hydronephrosis, attributed to low bladder 
compliance and accompanied by a fever persisting for 6 days. The patient’s medical history revealed accidental 
ingestion of organophosphate pesticide (Dimethoate) with no concomitant underlying diseases. In consideration 
of the potential for OPIDN, surgical intervention in the form of sacral neuromodulation (phase I) was undertaken. 
Subsequent evaluation one month post-surgery revealed notable improvements in both bladder compliance and 
bilateral hydronephrosis, necessitating sacral neuromodulation (phase II). Presently, following a 5-month follow-up 
period, the patient remains asymptomatic and in favorable health.

Conclusion  This patient achieved long-term relief using sacral neuromodulation.

Keywords  Organophosphate-induced delayed neuropathy (OPIDN), Sacral neuromodulation, Neurogenic bladder, 
Organophosphorus compounds, Peripheral nerve axons
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Background
Organophosphorus compounds are a category of chemi-
cal substances widely utilized in agricultural and indus-
trial sectors, garnering significant attention due to their 
inherent toxicity. Organophosphate poisoning manifests 
both as an acute cholinergic crisis and in an intermedi-
ate phase, with certain individuals being particularly vul-
nerable to organophosphate-induced delayed neuropathy 
(OPIDN). This neuropathy, triggered by organophospho-
rus compounds, entails neural damage extending beyond 
the confines of the central nervous system, implicating 
the peripheral nervous system as well. The regulation of 
lower urinary tract function primarily hinges on three 
sets of peripheral nerves, and any impairment or afflic-
tion of the nervous system can lead to lower urinary tract 
dysfunction.

In the presented case, sacral nerve modulation effec-
tively transitioned the patient’s small-capacity, high-pres-
sure bladder into a large-capacity, low-pressure bladder, 
thereby alleviating the patient’s symptoms. Currently, 
research on organophosphate-induced delayed neuropa-
thy concerning the urinary system remains relatively lim-
ited. This paper aims to provide additional insights into 
understanding and addressing this clinical challenge, 
while also fostering advancements in related research 
endeavors geared towards enhancing the quality of life 
for affected individuals.

Case report
A 27-year-old male, presented with intermittent low 
back pain and fever persisting for six days. Six days ear-
lier, the patient had undergone a CT scan of the upper 
abdomen, along with routine blood and urine tests at 
a local hospital, due to back pain and fever. The results 
indicated severe hydronephrosis with ureteral dilatation 
in both kidneys, alongside elevated leukocyte counts. 
The diagnosis was bilateral hydronephrosis accompanied 

by a urinary tract infection. Despite receiving anti-infec-
tion treatment, the patient’s symptoms persisted, neces-
sitating admission to our hospital. Upon admission, the 
patient was administered anti-inflammatory treatment 
and fitted with an indwelling catheter for one week. One 
week later, a follow-up urologic CT examination revealed 
persistent hydronephrosis in both kidneys and the bilat-
eral ureters, along with bladder wall thickening (Fig.  1). 
Further urodynamic evaluation revealed several issues: 
increased bladder sensitivity, decreased compliance, and 
reduced detrusor muscle contraction, which required 
abdominal pressure to aid urination. During the storage 
phase, the bladder’s initial sensation was noted at 36 ml, 
with a strong urge at 54 ml and a maximum infusion vol-
ume of 140  ml. The patient was instructed to void, but 
no urine was produced. After the removal of the pressure 
catheter, the maximum urine flow rate was 8  ml/s, and 
the voided volume was 50  ml. Following catheter inser-
tion, 300 ml of urine was drained, likely due to ureteral 
expansion (Fig. 2A). Urethrocystography revealed a char-
acteristic “pear-shaped” bladder pattern (Fig.  3). The 
physical examination did not reveal any specific signs. 
The patient’s medical history was not reported. At age 
14, the patient accidentally ingested a poison known as 
Dimethoate and underwent dialysis treatment at a local 
hospital. Currently, the patient’s renal function is normal.

Based on medical history and auxiliary examinations, 
the patient was diagnosed with a neurogenic bladder, 
low-compliance bladder, and vesicoureteral reflux. To 
resolve the patient’s bilateral hydronephrosis, it was 
necessary to improve bladder compliance. In July 2023, 
our institution performed a phase I (test phase) sacral 
nerve electrical stimulation implantation on the patient 
(Fig.  4). Postoperative parameters recorded included a 
pulse width of 210 µs, a voltage of 0.5 V, and a frequency 
of 14 Hz. One month post-surgery, follow-up imaging 
and urodynamic studies revealed the following results: 

Fig. 1  Pretreatment CT-Abdomen demonstrating hydronephrosis in both kidneys and the bilateral ureters (A) and bladder wall thickening and bladder 
capacity reduction(B)
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During the storage phase, the bladder’s initial sensation 
was at 134 ml, with a strong urge occurring at 269 ml and 
a maximum infusion volume of 316 ml. The voided urine 
volume was 310 ml, and the residual bladder volume was 
10 ml. Bladder capacity increased from 150 ml before the 
procedure to 320  ml afterward. There was no evidence 
of ureteral reflux, and the maximum urine flow rate 
improved from 8 ml/s prior to the procedure to 16 ml/s 
postoperatively (Fig.  2B). A comparison of cystography 
and urological CT findings indicated a reduction in blad-
der wall thickness and significant increases in bladder 
capacity and compliance post-test  (Fig.  5). Additionally, 
the characteristic ‘pear-shaped’ bladder morphology was 
no longer present. The patient experienced significant 
symptomatic relief following the evaluation and was 
referred for the second stage of permanent stimulator 

Fig. 3  Cystography demonstrating pear bladder

 

Fig. 2  Pre-test urodynamics showed the following: During the storage phase, the bladder’s initial sensation occurred at 36 ml, with a strong urge at 54 ml 
and a maximum infusion volume of 140 ml. The patient was instructed to urinate, but no urine was produced. After removing the pressure catheter, the 
maximum urine flow rate was 8 ml/s, with a urine volume of 50 ml. Following catheter insertion, 300 ml of urine was drained, likely due to the expansion 
of the ureter (A).Post-second-stage implantation, urodynamic review showed the following: During the storage phase, the bladder’s initial sensation oc-
curred at 134 ml, with a strong urge at 269 ml and a maximum infusion volume of 316 ml. The maximum urine flow rate was 16 ml/s, with a total urine 
volume of 310 ml and a residual urine volume of 10 ml (B)
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implantation. As of now, after five months of follow-up, 
the patient has shown symptom improvement and posi-
tive outcomes.

Discussion
Organophosphate-induced delayed neuropathy (OPIDN) 
is a neurological disorder induced by exposure to organo-
phosphorus compounds. The pathogenesis of delayed-
onset peripheral neuropathy remains incompletely 
understood. Some researchers propose that exposure to 
organophosphorus compounds inhibits neurotoxic ester-
ase (NTE) activity in axons, leading to their aging and 
disrupted energy metabolism in axonal transport. This 
disruption can impair transport, induce degenerative 
changes in axons, and potentially cause demyelinating 
disease [1]. Additionally, organophosphorus compounds 
are thought to disrupt calcium ion/calmodulin kinase II 
activity, resulting in disturbed calcium homeostasis and 
the degeneration of peripheral nerve axons [2].

Research indicates that exposure to organophospho-
rus compounds may result in peripheral nerve damage, 

manifesting after a latency period of 1–8 weeks as chronic 
progressive lesions [3]. A cohort epidemiological study 
using vibration sensitivity testing found that motor nerve 
conduction velocity (NCV) decreases following expo-
sure to organophosphorus compounds [4], before the 
appearance of clinical signs of peripheral neuropathy or 
muscle weakness. The literature suggests that OPIDN 
begins with a latency period of 1 to 3 weeks, leading to 
a progressive phase characterized by motor-sensory neu-
ropathy. This phase involves motor or sensory-motor 
weakness in the lower extremities. Subsequently, a rest-
ing phase occurs, allowing for partial recovery of motor 
functions. Ultimately, symptoms indicating the involve-
ment of cones and the central nervous system intensify. 
Although less frequently discussed [5], OPIDN can also 
impact the urinary system.

Urine storage and release are dependent on the activity 
of smooth and striated muscles in the bladder, urethra, 
and external urethral sphincter [6]. However, the coordi-
nation of these functions is regulated by a complex neural 
control system in the brain, spinal cord, and peripheral 
ganglia [7]. Regulation of these muscles is primarily man-
aged by three groups of peripheral nerves: sacral para-
sympathetic, thoracolumbar sympathetic, and somatic 
nerves distributed bilaterally. Lower urinary tract dys-
function can result from nervous system injuries or dis-
eases [8]. Urinary function is susceptible to a range of 
injuries, diseases, and chemicals impacting the nervous 
system [9]. Bladder dysfunction is often attributed to the 
degeneration of axons in peripheral and central nerves 
[10]. Thus, neurological mechanisms must be considered 
in the diagnosis and treatment of voiding disorders.

The patient had a history of Dimethoate usage. Cys-
toscopy revealed no bladder outlet obstruction or other 
underlying conditions. Despite the absence of overt 
clinical symptoms, imaging findings indicated a chronic 
progression. Consequently, the patient’s condition was 
deemed closely associated with Dimethoate use. The 
patient displayed high bladder pressure during storage 

Fig. 5  Posttreatment CT-Abdomen demonstrating hydronephrosis relief in both. kidneys and the bilateral ureters (A) and bladder wall thinning and 
bladder capacity. Expanding (B). Cystography demonstrating pear bladder disappeared (C)

 

Fig. 4  After electrical stimulation of sacral nerve implantation
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and low urine flow rate during voiding, typical of a neu-
rogenic bladder.

Sacral neuromodulation, involving electrode place-
ment in the S3 or S4 sacral foramen and continuous 
low-frequency electrical stimulation of the sacral nerves, 
is a therapeutic technique leading to the denervation of 
the bladder, urethral sphincter, and pelvic floor muscles 
[11]. It is currently FDA-approved for treating refrac-
tory overactive bladder (OAB), non-obstructive urinary 
retention (NOR), and fecal incontinence [12], and has 
shown effectiveness in treating neurogenic lower urinary 
tract dysfunction (NLUTD), interstitial cystitis, blad-
der pain syndrome (IC/BPS), and other bowel dysfunc-
tions [13, 14]. Neurogenic bladder, however, is a complex 
syndrome with various etiologies and factors, leading to 
diverse urodynamic and clinical manifestations. Thus, a 
thorough preoperative evaluation of neurogenic bladder 
across different clinical manifestations is crucial for posi-
tive postoperative outcomes. The primary goal in treat-
ing neurogenic bladder is to preserve upper urinary tract 
function [15]. Consequently, the main treatment objec-
tive was to enhance bladder compliance. In this instance, 
severe bladder hypo-compliance resulted in reduced 
bladder capacity and the development of bilateral hydro-
nephrosis. The study noted an increase in maximum 
bladder capacity from 150  ml to 320  ml pre- and post-
test period. Additionally, there was an 8 ml/s increase in 
the maximum urinary flow rate pre- and post-test period. 
CT scans demonstrated a significant reduction in bilat-
eral hydronephrosis pre- and post-test periods. Bladder 
elasticity significantly improved, with no ureteral reflux 
observed. Consequently, progression to the second stage 
of permanent stimulator implantation was warranted.

Ensuring treatment longevity necessitates strict man-
agement of the post-sacral neurotomy regimen. While 
there was an increase in bladder capacity and a decrease 
in residual urine volume post-test, studies indicate that 
patients previously experiencing chronic urinary reten-
tion, despite spontaneous urination post-implantation, 
continue to depend on abdominal pressure to void and 
remain at risk for hydronephrosis and vesicoureteral 
reflux [16]. Post-operatively, patients were advised to 
consume 1500 ml of water daily, maintain a urinary void-
ing diary, and undergo regular follow-ups and urody-
namic evaluations. To prevent transient ureteric reflux, 
intermittent catheterization was recommended. Follow-
up results were positively noted.

Conclusion
In this instance of OPIDN presenting as a neurogenic 
lower urinary tract disorder, sacral neuromodula-
tion (SNM) effectively transformed the patient’s small, 
high-pressure bladder into one with a larger capacity 
and lower pressure. This outcome, in conjunction with 

postoperative management, mitigated the patient’s bilat-
eral renal and ureteral hydronephrosis caused by reflux, 
thereby safeguarding the upper urinary tract. Conse-
quently, SNM proves to be a safe and efficacious therapy 
for neurogenic bladder in these circumstances.
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