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Disruption of sensation-dependent bladder emptying due to bladder 
overdistension in a complete spinal cord injury: A case report
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Abstract
BACKGROUND 
Autonomic dysreflexia (AD) can be a life-threatening condition in patients with 
spinal cord injury. It is important to prevent bladder overdistension in these 
patients as it may trigger AD. Sensation-dependent bladder emptying (SDBE), as 
a method of bladder management, improves the quality of life and allows 
physiologic voiding. In this study, we report disruption of the SDBE habit after 
bladder overdistension leading to AD with chest pain.

CASE SUMMARY 
A 47-year-old male with a diagnosis of C4 American Spinal Cord Injury 
Association impairment scale A had been emptying his bladder using the clean 
intermittent catheterization method with an itchy sensation in the nose as a 
sensory indication for a full bladder for 23 years, and the usual urine volume was 
about 300-400 mL. At the time of this study, the patient had delayed catheter-
ization for approximately five hours. He developed severe abdominal pain and 
headache and had to visit the emergency room for bladder overdistension (800 
mL) and a high systolic blood pressure (205 mmHg). After control of AD, a 
hypersensitive bladder was observed despite using anticholinergic agents. The 
sensation indicating bladder fullness changed from nose itching to pain in the 
abdomen and precordial area. Moreover, the volume of the painful bladder filling 
sensation became highly variable and was noted when the bladder urine volume 
exceeded only 100 mL. The patient refused intermittent clean catheterization. 
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Finally, a cystostomy was performed, which relieved the symptoms.

CONCLUSION 
Patients using physiologic feedback, such as SDBE, for bladder management are 
recommended to avoid bladder overdistension.

Key Words: Neurogenic bladder; Sensation-dependent bladder emptying; Spinal cord 
injury; Autonomic dysreflexia; Bladder overdistension; Bladder management; Case report

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this report, sensation-dependent bladder emptying (SDBE), which had 
been maintained for 23 years, was disrupted after bladder overdistension that led to 
autonomic dysreflexia (AD) in a patient with complete spinal cord injury (SCI). After 
the AD due to bladder overdistension, the bladder was oversensitive to even a small 
amount of urine, resulting in unbearable discomfort. Cystostomy was later performed. 
Patients using physiologic feedback, such as SDBE, for bladder management should 
follow a strict bladder emptying regimen. In addition, by considering the effect of AD 
on bladder filling sensation in this case, we provide additional information about the 
mechanism of AD and "discomplete SCI.”

Citation: Yoon JY, Kim DS, Kim GW, Won YH, Park SH, Ko MH, Seo JH. Disruption of 
sensation-dependent bladder emptying due to bladder overdistension in a complete spinal cord 
injury: A case report. World J Clin Cases 2021; 9(29): 8946-8952
URL: https://www.wjgnet.com/2307-8960/full/v9/i29/8946.htm
DOI: https://dx.doi.org/10.12998/wjcc.v9.i29.8946

INTRODUCTION
Neurogenic bladder is common in patients with spinal cord injury (SCI). Until 
recently, studies on the neurogenic bladder of patients with SCI, have been conducted 
in a search for the optimal treatment option. Because each patient's physical condition 
and methods of urination are different, a wider range of possible methods, both 
traditional and new, should be considered[1,2].

There are two main methods of bladder emptying in patients with SCI. First, time-
dependent bladder emptying, by clean intermittent catheterization (CIC) at intervals of 
4 to 6 h[3], is a commonly used method that facilitates bladder emptying. Second, 
sensation-dependent bladder emptying (SDBE) is a method in which bladder 
emptying is performed according to the filling sensation of the bladder using 
remaining sensory ability[4,5].

In SDBE, by reflecting the amount of urine produced according to fluid intake or 
temperature change, unnecessary catheterization can be avoided when the bladder is 
not adequately full. Overdistension can also be prevented even if unexpectedly rapid 
urine production occurs. In addition, there are reports that SDBE helps improve the 
quality of life[6] and reduces the probability of lower urinary tract infections[7].

In this case, we report disruption of bladder filling sensation after one event of 
autonomic dysreflexia (AD) due to bladder overdistension in a patient with complete 
SCI who had maintained SDBE for a long time.

CASE PRESENTATION
Chief complaints
A 47-year-old male presented to the emergency department with severe abdominal 
pain and headache.

History of present illness
The patient was diagnosed with C4 American Spinal Cord Injury Association (ASIA) 
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impairment scale A due to a car accident 23 years prior. The patient had a good motor 
grade at the C5 (elbow flexion) and C6 levels (wrist extensor), and zero grade at all 
levels below C6. For sensory grade, there was altered sensation below the C4 level on 
right side and C5 on left side, and no sensation below the T1 level (Figure 1). The 
patient had been using the CIC method for management of neurogenic bladder. He 
was able to sense bladder fullness by an itching sensation in the nose, at which time a 
caregiver would empty the bladder with CIC. This was maintained for approximately 
23 years. The urine volume emptied by the bladder filling sense was usually 300-400 
mL, and the discomfort of nasal itchiness was mild and measured two points on a 
visual analog scale (VAS). One day, the patient's catheterization was delayed for about 
five hours since the feeling of bladder fullness. Subsequently, he had to visit an 
emergency room for severe abdominal pain and headache.

History of past illness
At the time of the car accident with cervical cord injury 23 years earlier, the patient 
had a fracture of the left femur and underwent fixation surgery. Subsequently the 
patient underwent transfemoral amputation of the left lower extremity 7 years later 
due to malunion of the left distal femur fracture.

Personal and family history
The patient had an unremarkable family history.

Physical examination
Bladder overdistension (800 mL) and high systolic blood pressure (SBP, 205 mmHg) 
were noted. An indwelling catheter was inserted, and blood pressure was controlled 
with a calcium channel blocker (nifedipine 80 mg/d) and nitrates (isosorbide dinitrate 
2.5 mg).

After the emergency treatment, the indwelling catheter was removed. Normal SDBE 
was expected as before the AD event. However, instead of the itching sensation in the 
nose, there was pain in the abdomen and precordial area (VAS 5), and the filling 
sensation did not result with a bladder volume of 300-400 mL as before. Instead, it 
fluctuated significantly between 100 and 400 mL (Figure 2). The patient wanted to 
restart the SDBE, but the change in the bladder filling sensation was very 
uncomfortable and unpredictable. Pain killers, including narcotics (tramadol, 
gabapentin, acetaminophen, celecoxib, and fentanyl), and anticholinergics (solifenacin 
5 mg/d, propiverine 20 mg/d, and mirabegron 50 mg/d) did not relieve the pain or 
address the problem with the bladder volume. The patient underwent an urodynamic 
study (UDS) to examine the condition of the bladder.

Laboratory examinations
ECG and cardiac echocardiogram were performed for the precordial area pain, but no 
abnormal findings were observed. Urinalysis did not show pyuria or hematuria. A 
UDS was performed and in comparison with the UDS findings before the AD event, 
bladder capacity was reduced, and hypersensitivity was observed even with the use of 
anticholinergics (Table 1).

Imaging examinations
Abdominal computed tomography (CT) was performed for abdominal pain, and chest 
CT was performed on the precordial area. No abnormal findings were observed. 
Cystoscopy was performed to rule out bladder injuries due to overdistension. The 
patient did not show any abnormal findings other than chronic cystitis. The patient’s 
cervical Magnetic resonance imaging (MRI) after the car accident is shown in 
Figure 1A.

FINAL DIAGNOSIS
The final diagnosis was complete SCI (C4 ASIA impairment scale A), with neurogenic 
bladder and persistent bladder hypersensitivity following bladder overdistension, 
which led to AD.
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Table 1 Results of the urodynamic study

Before AD Post AD

Time 2018.07 2020.11

Maximal bladder volume (mL) > 5001 3702

PVR 500 370

Bladder filling sensation

Initial feeling 350 280

Bladder fullness 400 319

Urgency 460 360

Peak detrusor pressure (mmHg) 16 15

V-U reflux Negative Negative

1Infusion up to 500 mL.
2Test stopped due to complaints of abdominal pain and headache. AD: Autonomic dysreflexia; PVR: Postvoid residual urine; V-U reflex: Vesicoureteral 
reflux.

Figure 1 Cervical magnetic resonance imaging and sensory impairment point distribution of patients. A: Severe volume loss of the spinal cord 
with cystic change (myelomalacia at the C5 and C6 vertebra level) was observed on magnetic resonance imaging at the time of admission with autonomic dysreflexia; 
B: Evaluation according to the International Standards for Neurological Classification of spinal cord injury. In the sensory test, anesthesia was observed in the region 
below T1. The patient underwent transfemoral amputation on the left lower extremity 16 years before.

TREATMENT
According to the results of UDS, additional anticholinergics (solifenacin 10 mg/d, 
propiverine 40 mg/d and mirabegron 50 mg/d) were administered, and lidocaine 
instillation was performed to reduce afferent noxious stimuli, but only minor 
improvement was observed. Timed bladder emptying with a Foley catheter at 1-2 h 
intervals was recommended at discharge.

OUTCOME AND FOLLOW-UP
At the three-month follow-up, the bladder filling sensation was still uncomfortable 
(VAS 5) and was unpredictable. The patient finally underwent cystostomy and the 
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Figure 2 Changes in perception of bladder filling: Location, intensity, precision. After the onset of autonomic dysreflexia, the location of the senses 
for bladder fullness (nose → abdominal, precordial area) and the degree of discomfort [visual analog scale (VAS) 2 → VAS 5] changed. In addition, the bladder 
volume for sense of fullness became smaller and variable (300–400 mL → > 100 mL). VAS: Visual analog scale.

discomfort in the abdomen and precordial area improved slightly (VAS 5 to 4).

DISCUSSION
In this case report, a patient was diagnosed with C4 ASIA impairment scale A and 
maintained SDBE for approximately 23 years. An episode of AD with bladder 
overdistension caused detrimental changes to the bladder filling sensation (the 
position and intensity of the discomfort of the bladder filling changed; and fluctuation 
of the threshold of the bladder filling was observed), and SDBE could no longer be 
maintained. The patient wanted physiologic voiding through SDBE with CIC rather 
than surgical treatment, but ultimately cystostomy was performed.

In patients with complete SCI, SDBE is fundamentally possible under the premise 
that the patient is aware of bladder fullness[5]. A previous study using fMRI suggested 
that the perception of bladder fullness in patients with complete SCI is possible 
through extraspinal sensory pathways[8,9]. Furthermore, in recent studies, the concept 
of “discomplete SCI” has emerged. According to the ASIA impairment scale classi-
fication of SCI, the existence of a reproducible ambiguous sense can be referred to as 
sensory discomplete SCI, which might exist between ‘complete SCI’ and ‘incomplete 
SCI’. This has been proven in several studies using somatosensory evoked potential 
and fMRI[8,10,11]. These results provide a rationale for performing SDBE even in 
patients with complete SCI, such as this case.

AD is a clinical emergency that often occurs in patients with SCI above the T6 level. 
Among various symptoms, an increase in SBP is the most common, and clinical 
guidelines define it as an increase of more than 20-40 mmHg of SBP from the baseline
[1,12]. Additionally, symptoms such as headache, sweating, flushing of skin, 
piloerection, nasal congestion, blurred vision, and anxiety may accompany elevated 
SBP. Headache and night sweats are observed in 88% of patients with AD[12]. Several 
studies have identified loss of supraspinal control, reorganization of sympathetic 
neurons, propriospinal plasticity, primary afferent sprouting, and peripheral 
adrenergic hypersensitivity as mechanisms for AD[12,13]. These mechanisms can be 
fundamentally interpreted as hypersensitivity and overactivity of the sympathetic 
spinal circuitry.

Therefore, it is necessary to elucidate how AD and bladder overdistension in this 
patient affected SDBE. It might be thought that the symptoms of AD are ‘directly’ 
reflected in the bladder filling sensation because the activation threshold of the circuit 
is decreased or residual activation occurs repeatedly after one AD episode. However, 
in this case, it is unlikely that AD directly affected the senses as there was no usual 
increase in SBP, even with the altered sense of bladder filling. It is unreasonable to 
think that the bladder filling sensation maintained for 23 years was caused by AD.

Therefore, we focused on how the AD and bladder overdistension events may have 
affected the sensory pathway of SDBE and proposed possible hypotheses. First, 
hyperactivation of the bladder afferent pathway, a common cause of AD, may affect 
SDBE. Bladder overdistension causes micro-damage to the bladder's urothelial cells 
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(bladder barrier) and increases permeability, lowering the c-fiber activation threshold 
and consequently delivering more nociceptive stimulation[14]. As a result, the c-fibers 
can be activated even with a small amount of urine in the bladder. This was shown in 
the UDS findings of this case, as there was lower bladder capacity and hypersensitivity 
(Table 1). For the same reason, there is a possibility that the previous bladder fullness 
sensation may become perceived as pain (Figure 2; VAS 2 to 5), and fluctuations in the 
urine volume threshold for bladder fullness sensation may have occurred due to 
inconsistent activation of the c-fibers (Figure 2; bladder urine volume > 100 mL).

Second, the reorganization of several spinal pathways after AD affects the sensory 
pathways of SDBE. Reorganization of the sympathetic preganglionic neurons and 
propriospinal neurons is an established mechanism of AD[12,13], and it has been 
reported that activation of these pathways may affect sensory neurons[12,15]. This 
may be a clue to the changes of the body part reflecting bladder filling and the 
worsening of the discomfort level shown in this case (Figure 2; nose to precordial area 
& abdomen).

Third, as extraspinal sensory pathways, maladaptation of the vagus nerve after AD 
may affect SDBE. Kruhut et al[9] suggested that a sensory extraspinal pathway may 
develop following complete SCI, and the vagus nerve may play an important role in 
bladder re-innervation. The vagus nerve innervates the visceral sensory parts of the 
esophagus, lungs, heart, and most of the digestive system[16]. In this case, the fact that 
the sensory location reflecting bladder filling moved to the abdominal and precordial 
regions (Figure 2), which receive sensory innervation through the vagus nerve, 
supports this hypothesis. In addition, the vagus nerve has parasympathetic properties 
and is in a compensatory relationship with the sympathetic system. Overactivation or 
maladaptation of the vagal pathway might occur due to an overcompensatory 
response of the parasympathetic system to the overactivation of the sympathetic 
system such as in AD.

CONCLUSION
In a single episode of bladder overdistension causing AD, the pattern of SDBE, which 
had been well-maintained for many years, was disrupted in a patient with complete 
SCI. Therefore, we emphasize that avoidance of bladder overdistension in patients 
with SCI, especially with the use of SDBE.
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