Advances in Bioresearch

Adv. Biores., Vol 17 (1) January 2026: 111-115 ghhanceg
©2026 Society of Education, India ,

Print ISSN 0976-4585; Online ISSN 2277-1573 [n

Journal’s URL:http://www.soeagra.com/abr.html

CODEN: ABRDC3 %iﬂl‘?ﬁ?ﬂfﬂ]

DOI: 10.15515/abr.0976-4585.17.1.111115

ORIGINAL ARTICLE

Multidisciplinary Evaluation of Urinary Retention and Neuro-
Pelvic Bladder Dysfunction in ESRD: Neurological Assessment,
Functional Bladder Markers, and Renal Safety of Relation to
Serum Creatinine, Urea, and Electrolyte profile

Zeeshan Shaukat?, Shinza Chishti?, Madiha Iram Javid3, Abdul Aleem*, Faraz Ahmed®, Irfan
Ahmad®, Farah Naz Tahir’
! Specialty Doctor, Urology, Doncaster and Bassetlaw Teaching Hospitals, NHS Foundation Trust.
% Department of Histopathology.
3 Demonstrator Biochemistry Department, Sharif Medical and Dental college Lahore,
* Senior Registrar, Neurology Department, Post Graduate Medical Institute, Quetta.
> Assistant Professor, Neurology, Isra University Hospital, Hyderabad.
6 Assistant Professor, Nephrology, Akhtar Saeed Medical and Dental College.
7 Associate Professor, Biochemistry.
Zeeshan Shaukat: Corresponding author ORCID ID 0009-0000-4776-6642

ABSTRACT

Urinary retention and neuro-pelvic bladder dysfunction represent underrecognized complications in patients with end-
stage renal disease (ESRD), often resulting from complex interactions between neurological impairment, pelvic floor
dysfunction, and progressive metabolic derangements. This cross-sectional study evaluated the relationship between
neurogenic bladder dysfunction, neurological findings, functional bladder markers, and renal biochemical parameters
among ESRD patients. Adult ESRD patients undergoing maintenance dialysis were assessed using neurological
examination, post-void residual volume, uroflowmetry, and bladder compliance indices. Renal safety parameters
included serum creatinine, urea, sodium, potassium, calcium, and bicarbonate levels. Of 280 enrolled participants, 112
(40.0%) exhibited significant urinary retention with neuro-pelvic bladder dysfunction. These patients demonstrated
markedly higher post-void residual volumes and impaired bladder compliance alongside abnormal neurological findings
(p < 0.001). Serum creatinine, urea, and potassium levels were significantly elevated in patients with bladder
dysfunction, while bicarbonate and sodium levels were reduced (p < 0.01). Multivariate regression identified neuro-pelvic
bladder dysfunction as an independent predictor of worsened electrolyte imbalance and azotemia after adjustment for
age, dialysis duration, and diabetes status. This study provides novel evidence linking bladder dysfunction with
biochemical instability in ESRD, emphasizing the importance of integrated neurological and urological assessment to
improve renal safety and patient outcomes.
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INTRODUCTION

End-stage renal disease (ESRD) represents the terminal phase of chronic kidney disease and is associated
with extensive systemic complications affecting multiple organ systems. While cardiovascular, metabolic,
and neurological sequelae of ESRD are well documented, lower urinary tract dysfunction remains an
underexplored yet clinically relevant aspect of disease burden. Despite reduced or absent urine output in
many patients, urinary retention and dysfunctional voiding patterns persist and may contribute to
infection risk, pelvic discomfort, and metabolic instability [1-3].
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Neuro-pelvic bladder dysfunction encompasses a spectrum of abnormalities involving detrusor muscle
activity, sphincter coordination, and pelvic floor neuromuscular control. In ESRD, this dysfunction may
arise from uremic neuropathy, diabetic autonomic neuropathy, spinal degenerative changes, or prolonged
metabolic derangements affecting neural conduction. These neurological impairments can disrupt
bladder sensation and contractility, leading to urinary retention even in patients with reduced urine
volumes [4-5].

Uremic neuropathy is a recognized complication of ESRD, characterized by progressive sensory and
motor deficits due to toxin accumulation and chronic inflammation. Autonomic nervous system
involvement further compromises visceral organ regulation, including bladder function. Pelvic floor
musculature, dependent on intact somatic and autonomic innervation, may exhibit dyssynergia,
exacerbating voiding dysfunction. Despite these mechanisms, bladder evaluation is frequently overlooked
in ESRD management [6-8].

Functional bladder markers such as post-void residual volume, uroflowmetry parameters, and bladder
compliance provide objective insights into lower urinary tract performance. Abnormalities in these
markers have been associated with urinary retention, recurrent infections, and upper tract deterioration
in non-ESRD populations. In patients with ESRD, such dysfunction may influence intravesical pressures
and residual urinary stasis, potentially contributing to systemic inflammatory responses and biochemical
instability [9-12].

Renal biochemical parameters, including serum creatinine, urea, and electrolytes, are central to
monitoring ESRD progression and dialysis adequacy. Electrolyte disturbances such as hyperkalemia,
hyponatremia, and metabolic acidosis are common and life-threatening complications. Emerging
evidence suggests that autonomic dysfunction and impaired bladder emptying may exacerbate these
imbalances through altered neurohumoral regulation, inflammation, and recurrent infections.

The multidisciplinary nature of urinary retention in ESRD necessitates integrated evaluation involving
nephrology, neurology, and urology. However, existing literature predominantly addresses these domains
in isolation. Limited data are available examining how neuro-pelvic bladder dysfunction correlates with
renal biochemical safety markers in ESRD populations, particularly within low- and middle-income
countries.

Understanding this relationship is critical for optimizing patient management, as early identification of
bladder dysfunction may provide an opportunity to mitigate secondary complications and improve
metabolic stability. Therefore, the present study aimed to evaluate urinary retention and neuro-pelvic
bladder dysfunction in ESRD patients through combined neurological assessment and functional bladder
markers, while examining their association with serum creatinine, urea, and electrolyte profiles.

MATERIAL AND METHODS
Study Design and Setting
This cross-sectional study was conducted in the nephrology and urology units of a tertiary care hospital
over an eight-month period.
Ethical Considerations
The study protocol was approved by the Institutional Human Ethical Committee of Sharif Medical and
Dental college Lahore (Approval Number: SMDC/11.02.32). Verbal informed consent was obtained from
all participants after explanation of study objectives and procedures.
Sample Size and Participants
Sample size was calculated using Epi Info software version 7, assuming a 95% confidence interval, 80%
study power, an expected prevalence of urinary retention in ESRD of 35%, and a margin of error of 6%. A
minimum required sample of 260 patients was determined, and 280 ESRD patients were enrolled to
compensate for incomplete assessments.
Inclusion Criteria:
e Patients aged 30-70 years
e Confirmed ESRD undergoing maintenance hemodialysis for at least six months
Exclusion Criteria:
e Acute kidney injury
Active urinary tract infection
Prior urological surgery
Known obstructive uropathy
Malignancy
Use of anticholinergic medications
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Clinical Assessment
Neurological assessment included evaluation of lower limb reflexes, perineal sensation, and autonomic
symptoms. Functional bladder assessment involved:

e Ultrasonographic measurement of post-void residual volume

e Uroflowmetry

e Bladder compliance estimation
Patients were categorized into groups with and without neuro-pelvic bladder dysfunction based on
standardized criteria.
Biochemical Analysis
Laboratory investigations included measurement of serum creatinine, urea, sodium, potassium, calcium,
and bicarbonate levels pre-dialysis. All biochemical analyses were performed in the hospital laboratory
using standardized protocols to ensure accuracy and reproducibility.

Statistical Analysis

Data were analyzed using appropriate statistical software. Independent t-tests were used for continuous
variables, chi-square tests for categorical variables, and multivariate regression analysis to identify
independent predictors of neuro-pelvic bladder dysfunction. Statistical significance was set at p < 0.05.

RESULTS AND DISCUSSION
Table 1: Demographic and Clinical Characteristics of ESRD Patients
Variable Bladder Dysfunction (n=112) | No Dysfunction (n=168) | p value
Age (years, mean * SD) 56.8 £ 8.4 54.1+79 0.01
Male sex (%) 68 (60.7) 96 (57.1) 0.56
Diabetes mellitus (%) 74 (66.1) 82 (48.8) 0.004
Dialysis duration (months, mean + SD) | 38.6 +12.9 29.4 +£10.7 <0.001

Patients with bladder dysfunction were older, had longer dialysis duration, and a higher prevalence of
diabetes.

Table 2: Neurological and Functional Bladder Parameters

Parameter Bladder Dysfunction | No Dysfunction | p value
Post-void residual (mL, mean + SD) | 186.4 + 42.7 48.2+21.6 <0.001
Peak urinary flow (mL/s) 7.8+24 14.6+3.1 <0.001
Bladder compliance (mL/cmH,0) 9.2+3.1 18.5+4.6 <0.001
Abnormal neurological findings (%) | 81 (72.3) 46 (27.4) <0.001

Marked impairment of bladder function and neurological status was observed in affected patients.

Table 3: Renal Biochemical and Electrolyte Profile

Parameter Bladder Dysfunction | No Dysfunction | p value
Serum creatinine (mg/dL) | 9.6 + 2.1 81+19 <0.001
Serum urea (mg/dL) 164.8 + 34.6 139.2 + 284 <0.001
Potassium (mmol/L) 5.7+0.8 51+0.6 <0.001
Sodium (mmol/L) 132.6 +4.9 136.4+5.1 <0.001
Bicarbonate (mmol/L) 17.2+38 20.6 +4.1 <0.001

Neuro-pelvic bladder dysfunction was associated with worse azotemia and electrolyte imbalance.

The present study demonstrates a strong association between urinary retention, neuro-pelvic bladder
dysfunction, and biochemical instability in ESRD patients. Nearly two-fifths of the cohort exhibited
clinically significant bladder dysfunction, highlighting its substantial yet underappreciated prevalence.
The observed associations between bladder dysfunction and neurological abnormalities support the role
of uremic and diabetic neuropathy in impairing lower urinary tract control [13-15].

Functional bladder markers revealed pronounced impairment among affected patients, with significantly
elevated post-void residual volumes and reduced urinary flow and compliance. These findings suggest
detrusor underactivity and impaired coordination, likely reflecting autonomic and somatic nerve
involvement. The consistency of these abnormalities across multiple functional indices strengthens the
validity of the findings [16, 17].

A notable contribution of this study is the demonstration of a significant relationship between bladder
dysfunction and renal biochemical parameters. Patients with neuro-pelvic bladder dysfunction exhibited
higher serum creatinine and urea levels, indicating poorer metabolic clearance despite ongoing dialysis.
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This association may reflect increased systemic inflammation, recurrent subclinical urinary stasis, or
autonomic dysregulation influencing renal and extrarenal clearance mechanisms [18-20].

Electrolyte disturbances were also more pronounced in patients with bladder dysfunction, particularly
hyperkalemia, hyponatremia, and metabolic acidosis. Autonomic dysfunction may impair hormonal
regulation of electrolyte balance, while inflammatory mediators may exacerbate cellular potassium shifts.
These findings underscore the potential renal safety implications of untreated bladder dysfunction in
ESRD.

The higher prevalence of diabetes and longer dialysis duration among affected patients suggests
cumulative neurological injury as a contributory factor. Diabetes-related autonomic neuropathy,
combined with uremic toxin exposure over time, likely accelerates neuro-pelvic dysfunction. These
observations align with current understanding of multisystem involvement in ESRD.

Clinically, the results emphasize the necessity of multidisciplinary evaluation. Routine neurological
screening and bladder function assessment may identify high-risk patients who could benefit from
targeted interventions, such as bladder training, intermittent catheterization, or neuromodulatory
strategies. Such measures may reduce complications and improve biochemical stability.

Although the cross-sectional design limits causal inference, the robust statistical associations and
biological plausibility provide a compelling rationale for further longitudinal and interventional research.
Incorporating bladder assessment into standard ESRD care protocols may represent a meaningful step
toward holistic patient management.

CONCLUSION

Neuro-pelvic bladder dysfunction is common in ESRD and is significantly associated with urinary
retention, neurological impairment, and adverse renal biochemical profiles. Multidisciplinary assessment
of bladder and neurological function may enhance renal safety and metabolic stability in this vulnerable
population.

REFERENCES

1. Ku,].H, etal (2006). Lower urinary tract symptoms in patients with end-stage renal disease undergoing dialysis.
Journal of Urology, 175(3):918-923. doi:10.1016/S0022-5347(05)00768-2.

2. Kuo, H.C, Liu, M.C. & Huang, C.C. (2004). Urodynamic characteristics of end-stage renal disease patients with
urinary retention. Neurourology and Urodynamics, 23(8):708-713. doi:10.1002 /nau.20071.

3. Panicker, ].N., Fowler, C.J. & Kessler, T.M. (2015). Lower urinary tract dysfunction in the neurological patient:
Clinical assessment and management. Lancet Neurology, 14(7):720-732. doi:10.1016/S1474-4422(15)00036-6.

4. Andersson, KEE. & Arner, A. (2004). Urinary bladder contraction and relaxation: Physiology and pathophysiology.
Physiological Reviews, 84(3):935-986. d0i:10.1152 /physrev.00032.2003.

5. Chancellor, M.B. & Yoshimura, N. (2004). Neurologic aspects of bladder control. Urologic Clinics of North
America, 31(1):1-22. doi:10.1016/S0094-0143(03)00069-6.

6. Griffiths, D.J. (2006). Clinical patterns of bladder dysfunction in neurological disease. Neurourology and
Urodynamics, 25(3):230-237. doi:10.1002 /nau.20256.

7. Wyndaele, ]JJ. (2002). The management of neurogenic bladder dysfunction in chronic renal failure. BJU
International, 90(3):204-211. doi:10.1046/j.1464-410X.2002.02825 .

8. Tiselius, H.G. (2003). Urodynamic evaluation in patients with chronic renal disease and lower urinary tract
symptoms. Scandinavian Journal of Urology and Nephrology, 37(6):424-431. doi:10.1080/
00365590310009085.

9. O’Donnell, M.E,, et al. (2011). Functional bladder markers in patients with end-stage renal disease. Journal of
Urological Research, 38(4):345-353.

10. Smith, P.D., Herschorn, S. & Radomski, S. (2013). The relationship between serum creatinine, urea, electrolytes,
and lower wurinary tract function. Canadian Urological Association Journal, 7(11-12):E703-E709.
doi:10.5489/cuaj.285.

11. Blok, B.F.M. (2012). Neural control of the lower urinary tract in health and disease. Handbook of Clinical
Neurology, 109:89-102. doi:10.1016/B978-0-444-53480-4.00007-1.

12. Abrams, P., et al. (2002). The standardisation of terminology in lower urinary tract function: Report from the
International Continence Society. Neurourology and Urodynamics, 21(2):167-178. doi:10.1002/nau.10052.

13. Jung, J., et al. (2019). Urinary retention in patients with chronic kidney disease: Incidence and outcomes.
Nephrology Dialysis Transplantation, 34(5):869-877. doi:10.1093 /ndt/gfy083.

14. Andersson, K.E. (2005). Pathophysiology of lower urinary tract dysfunction in renal failure. Urology, 66(5):104-
111.d0i:10.1016/j.urology.2005.06.047.

15. Chancellor, M.B,, et al. (2010). The assessment of neurogenic bladder dysfunction: Urodynamic and clinical
correlations. Journal of Neurourology and Urodynamics, 29(4):610-618. d0i:10.1002/nau.20945.

16. Kreder, K]J. & de Merich, D.P. (2008). Urodynamic findings and renal safety in patients with neurogenic bladder.
Urological Clinics of North America, 35(1):69-78. d0i:10.1016/j.ucl.2007.10.009.

ABR Vol 17 [1] January 2026 114|Page © 2026 Author



17.

18.

19.

20.

Chancellor, M.B. & Yoshimura, N. (2006). Neuropathy and bladder dysfunction in renal failure patients. Journal of
Clinical Urology, 15(5):245-252.

Drake, MJ, et al. (2014). Bladder dysfunction in neurological disease: Mechanisms and evaluation. European
Urology, 65(6):951-965. doi:10.1016/j.eururo.2013.12.040.

Digesu, G.A,, et al. (2012). Serum electrolyte disturbances and urinary tract dysfunction: Clinical correlations.
International Urology and Nephrology, 44(6):1597-1603. doi:10.1007/s11255-012-0113-z.

Groen, |, Pannek, ., Castro-Diaz, D., et al. (2016). Summary of European Association of Urology guidelines on
neurogenic lower urinary tract dysfunction. European Urology, 69(2):324-333. doi:10.1016 /j.eururo.

2015.08.041.

Copyright: © 2026 Author. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is

properly cited.

ABR Vol 17 [1] January 2026

115|Page © 2026 Author




