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Purpose: This study aimed to investigate the characteristics of urodynamics in female 
parkinsonian patients with lower urinary tract symptoms (LUTS) and evaluate the outcomes 
of deep brain stimulation (DBS) based on overactive bladder (OAB) scores and quality of 
life (QOL) scores.
Patients and Methods: Urodynamic assessment was performed in 20 female parkinsonian 
patients with LUTS. OAB scores and QOL scores were collected before and 6 months after 
DBS treatment (The target of DBS is STN). We evaluated the related factors affecting QOL 
score and also the changes in QOL score after DBS treatment.
Results: The mean age of 20 patients was 60.6±6.3 years, with 65% of patients identified 
with OAB in urodynamic studies. The mean OAB total score and QOL score at baseline 
were 7.3±3.7 and 5.0±1.1, respectively. Four items in the OAB score were found to be 
independent factors and they influenced the baseline QOL scores. Six months after DBS 
treatment, the OAB total score and the QOL score were significantly decreased (3.7±3.2 (p = 
0.002) and 3.4±1.4 (p < 0.001), respectively). Improvements in OAB item 2 (nocturia) and 
item 3 (urgency) scores were found to be independent factors, which had an influence on the 
improvement in QOL scores from multivariate analysis. Improvement of OAB item 2 
(nocturia) exhibited the greatest influence on improvement in the QOL score. After DBS 
treatment, 40% of the patients showed significant improvement in urination symptoms (≥2 
points reduction in QOL score), 30% of the patients showed mild improvement (1 point 
reduction in QOL score), and 30% patients showed no improvement (no change in QOL 
score). No patients exhibited worsening urination symptoms.
Conclusion: Most parkinsonian female patients with lower urinary tract symptoms were 
diagnosed with OAB. DBS treatment improved OAB symptoms. Improvement of nocturia 
and urgency positively impacts the QOL of female parkinsonian patients.
Keywords: Parkinson’s disease, urodynamics, OAB score, QOL score

Introduction
Parkinson’s disease (PD) is a common neurodegenerative disease, and motor 
symptoms are characterized by resting tremor, rigidity, postural instability and 
bradykinesia. Lower urinary tract symptoms (LUTS) are one of the most common 
autonomic symptoms in PD, which include urinary urgency, frequency, and noc-
turia, occurring with or without urgency incontinence.1–3 Despite the impact of 
LUTS on a patient’s quality of life, little is known about its pathogenesis and post- 
treatment response.4 Neurologists most often focus on motor symptoms and ignore 
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the urinary symptoms of these patients. In fact, improve-
ment in LUTS can greatly enhance the quality of life 
(QOL) of patients.

Urodynamic study is a powerful tool for evaluating 
urinary dysfunction in PD patients.5 QOL scores are 
widely used for evaluation of quality of life caused by 
LUTS and it represents patients’ satisfaction with their 
current quality of life.6–9 Overactive bladder (OAB) scores 
consist of four items (OAB-1: frequency; OAB-2: noc-
turia; OAB-3: urgency; OAB-4: urgency incontinence) 
and are used to evaluate the status of patients with over-
active bladder by questionnaire scoring. OAB scores can 
assist in the clinical prediction of patients with overactive 
bladder.10,11

Deep brain stimulation (DBS) has been used as 
a surgical treatment for motor symptoms in PD, but its 
effectiveness in improving urination dysfunction is still 
controversial.12–14 This study evaluated urination dysfunc-
tion in female parkinsonian patients with lower urinary 
tract symptoms based on urodynamic examination. The 
therapeutic effect of DBS was evaluated by analyzing the 
changes in OAB scores and QOL scores before and after 
DBS. Our results indicate that DBS may improve LUTS in 
female parkinsonian patients and thus, may lead to a better 
understanding of voiding dysfunction in these patients.

Materials and Methods
Ethics Statement and Informed Consent
This study was conducted in accordance with the 
Declaration of Helsinki, and all patients provided written 
informed consent, and the study was approved by the 
Ethical Review Board of Qilu Hospital (Ethics approval 
number is KYLL-2020-463), Shandong University.

Data Sources
We reviewed female parkinsonian patients with LUTS 
referred to the urology department at the Qilu Hospital of 
Shandong University for urodynamic studies during the per-
iod between June 2017 and February 2021. Exclusion criteria 
were the following: 1) urethral stricture, uterine prolapse, 
bladder stones, or recurrent urinary tract infections; 2) cere-
brovascular disease or neurological disorders other than 
Parkinson’s disease; 3) pregnancy and previous gynecologi-
cal surgeries; and 4) Parkinson’s disease patients without 
subsequent DBS treatment. Thirty-six female parkinsonian 
patients with LUTS were screened from the data (based on 
our exclusion criteria), and then we excluded 16 patients who 

were not treated with DBS, finally, 20 patients meeting the 
criteria were included, and all of them satisfied the clinical 
diagnostic criteria of the British Parkinson’s Disease Society 
brain Bank. OAB scores and QOL scores were collected 
before and 6 months after DBS treatment.

Urodynamic Study and Deep Brain 
Stimulation
A Laborie urodynamic examination instrument was used for 
the examination, which was performed in accordance with 
the urodynamic examination criteria established by the 
International Continence Society (ICS).15 The patients 
were maintained in a semi-sitting position, with the F8 dual- 
chamber urethropiezometric pipe placed through the urethra 
to assess the bladder pressure and the single-chamber piezo-
metric pipe placed through the anus to assess the abdominal 
pressure. All examinations were performed according to ICS 
urodynamic specifications. The sensor was calibrated 
in vitro to zero according to the ICS calibration standard. 
Subsequently, the distal end of the perfusion and pressure 
tube system was connected to a three-chamber pressure tube. 
To check the conductivity and tightness of the piezometric 
piping system, the patients were asked to cough. After 
zeroing, room temperature (20°C) saline was perfused into 
the bladder at a speed of 10–40 mL/min, and the bladder 
stability, sensation, compliance, and capacity during the 
perfusion were recorded. When the patients reached the 
urination limit, they were asked to urinate at the 45° inclined 
seating position. The detrusor pressure, bladder pressure, 
and flow rate were measured simultaneously, while the 
urine flowed into a urine collection device. The parameters 
of maximum urinary flow rate (Qmax) (mL/s), detrusor 
pressure at maximum flow rate (PdetQmax) (cmH2O), post- 
void residual (PVR) (mL), and bladder compliance were 
recorded. Impaired anal muscle strength was assessed on 
the basis of anal reflexes and autonomic anal contraction 
strength. Detrusor dysfunction, bladder compliance and 
overactive bladder were defined based on the standardized 
report for the terminology of lower urinary tract function by 
the ICS.16 The target of DBS is STN, and its parameter 
adjustments are as follows: amplitude is 0–3.6V, pulse 
width is 60/90/120us, frequency is 130–185Hz, and the 
stimulation pattern is monopolar stimulation.

Statistical Analysis
All statistical analyses were performed using IBM SPSS 
Statistics for Windows, Version 25.0 (IBM Corp.; Armonk, 
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NY, USA) and R software version 3.6.1. Specific analysis 
parameters were age, Qmax, PdetQmax, PVR, bladder com-
pliance, anal muscle strength, QOL score and OAB score. 
Categorical data and numeric parameters were compared 
using the Chi-square test and the independent t-test, respec-
tively. Data are presented as the mean ± standard deviation. 
R software was performed to analyze baseline characteristics 
of various indicators of patients before and after DBS. LM 
package in R software was used to construct unit and multi-
variate regression models to study the relevant influencing 
factors of the QOL score and changes in the QOL score after 
DBS treatment. Spearman correlation analysis was per-
formed to analyze the correlation between OAB scores in 
urodynamic examination and OAB scores, and verified the 
predictability of OAB scores. P < 0.05 was considered 
statistically significant, and all hypotheses were evaluated 
in a two-sided manner.

Results
A total of 36 female parkinsonian patients with LUTS 
were evaluated by urodynamic study. A total of 20 patients 
were included in final analysis after exclusion of 16 
patients who had not received DBS treatment. All patients 
had urine storage phase symptoms (one or more symptoms 
of frequency, nocturia, urgency and urgency incontinence), 
and five patients had urination symptoms (weakness of 
urine) at the same time. Baseline characteristics of the 
study population are presented in Table 1. The mean age 
of the 20 patients was 60.6±6.3 years, the mean Qmax, 
13.3 mL/s, the mean PdetQmax, 29.1 cmH2O, and the 
mean PVR, 29.8 mL. Fifteen (75%) patients had decreased 

anal muscle strength, 1 (5%) patient had decreased bladder 
compliance, and 13 (65%) patients were found with OAB 
based on urodynamic study. The mean OAB total scores 
and QOL scores at baseline were 7.3±3.7 and 5.0±1.1, 
respectively. After 6 months of DBS treatment, OAB 
total scores and QOL scores were significantly decreased 
(3.7±3.2 (p = 0.002) and 3.4±1.4 (p < 0.001), 
respectively).

Factors Influencing Baseline QOL Scores
Univariate regression analysis showed that OAB, anal 
muscle strength and four items of the OAB score were 
correlated to baseline QOL scores (Table 2). However, 
age, Qmax, bladder compliance, PVR and PdetQmax 
were not significant factors affecting QOL scores. 
Multivariate regression analysis showed that OAB item 1 
(frequency), OAB item 2 (nocturia), OAB item 3 
(urgency), and OAB item 4 (urgency incontinence) were 
significant factors influencing QOL scores.

Factors Influencing QOL Scores
Univariate and multivariate analysis results for factors that 
influenced changes in QOL scores are presented in 
Table 3. Changes in OAB score item 2 (nocturia) and 
item 3 (urgency) were independent factors that influenced 
change in QOL scores after DBS treatment. Changes in 
OAB item 2 (nocturia) had the greatest influence on the 
improvement in QOL scores. As the score of OAB item 2 
(nocturia) decreased by 1 point, the QOL score decreased 
by 0.915 point.

Table 1 Baseline Characteristics and Changes After DBS for 6 Months

Variables Baseline 6 Months Follow-Up P value

Age (years) 60.6±6.3
Qmax (mL/s) 13.3±7.2

Bladder compliance (normal) 19 (95%)

OAB (exist) 13 (65%)
PdetQmax (mL/s) 29.1±10.7

Anal muscle strength (weak) 15 (75%)

PVR (mL) 29.8±47.0
OAB score item 1 1.2±0.7 0.5±0.6 0.002

OAB score item 2 2.3±1.1 1.3±1.1 0.006

OAB score item 3 2.4±1.6 1.3±1.5 0.042
OAB score item 4 1.6±1.6 0.7±1.3 0.081

Total OAB score 7.3±3.7 3.7±3.2 0.002

QOL score 5.0±1.1 3.4±1.4 <0.001

Abbreviations: Qmax, maximum urinary flow rate; OAB, overactive bladder; PdetQmax, detrusor pressure at maximum flow rate; PVR, post-void residual; QOL, quality 
of life.
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Assessment of Changes in QOL Scores
After 6 months of DBS treatment, according to the 
changes in the QOL scores and the feelings of symptoms 
improvement reported by the patients, we obtained that 
40% of patients showed significant improvement in urina-
tion symptoms (≥2 points reduction in QOL score), 30% 
of the patients showed mild improvement (1 point reduc-
tion in QOL score), and 30% of patients showed no 
improvement (no change in QOL score). No patients 
exhibited worsening urination symptoms. Thirteen patients 
were diagnosed with OAB through urodynamic study. 
After DBS treatment, eight of these patients showed sig-
nificant improvement in urination (QOL score decreased 

≥2 points), two patients showed slight improvement (QOL 
score decreased 1 point), and three patients showed no 
improvement (QOL score did not change). Seven patients 
were diagnosed without OAB through urodynamic study. 
Although none of these seven patients showed significant 
improvement (QOL score decreased by ≥2 points) after 
DBS treatment, four patients showed slight improvement 
(QOL score decreased by 1 point) and three patients 
showed no improvement (No change in QOL score) 
(Table 4).

A Positive Correlation Between OAB in 
Urodynamic Study and OAB Scores
Spearman correlation analysis revealed a significant posi-
tive correlation between OAB results from the urodynamic 
study and OAB scores in QOL (correlation coefficient 
R=0.478; P = 0.03). The presence of OAB in the urody-
namic study predicted relatively high QOL scores. 
Changes in OAB scores tended to be associated with 
improvement in urination symptoms.

Discussion
Parkinson’s disease is a common degenerative neurologic 
disease, and motor symptoms are the main manifestation. 
Non-motor symptoms, such as hyposmia, insomnia, 
depression and frequent urination, also seriously affect 
the QOL of PD patients.17 Although DBS is effective in 
improving PD symptoms, especially motor symptoms, 
such as tremor, rigidity and bradykinesia, there has been 
no in-depth study on the impact of the DBS on non-motor 

Table 2 Factors Influencing QOL Scores

Univariate Multivariate

Variables B P B P

Age 0.015 0.730

Qmax −0.053 0.144
Bladder compliance <0.001 1.000

OAB 1.10 0.033 −0.114 0.655

PdetQmax 0.031 0.210
Anal muscle strength −1.600 0.003 −0.356 0.206

PVR 0.008 0.138

OAB score item 1 1.196 <0.001 0.499 0.027
OAB score item 2 0.782 <0.001 0.285 0.021

OAB score item 3 0.534 <0.001 0.283 0.005

OAB score item 4 0.353 0.020 0.150 0.028

Abbreviations: B, regression coefficient; P, P value; Qmax, maximum urinary flow 
rate; OAB, overactive bladder; PdetQmax, detrusor pressure at maximum flow 
rate; PVR, post-void residual.

Table 3 Factors Influencing Change in QOL Scores

Univariate Multivariate

Variables B P B P

Age −0.034 0.593
Qmax −0.016 0.774

Bladder compliance 0.684 0.700

OAB 1.659 0.029 −0.322 0.378
PdetQmax 0.039 0.280

Anal muscle strength −1.13 0.194

PVR 0.009 0.292
Change in OAB score item 1 1.069 0.036 0.389 0.104

Change in OAB score item 2 1.555 <0.001 0.915 <0.001

Change in OAB score item 3 0.966 <0.001 0.450 0.011
Change in OAB score item 4 0.655 0.013 0.116 0.338

Abbreviations: B, regression coefficient; P, P value; Qmax, maximum urinary flow rate; OAB, overactive bladder; PdetQmax, detrusor pressure at maximum flow rate; 
PVR, post-void residual.
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symptoms, especially for LUTS. LUTS includes storage 
symptoms (urinary frequency, nocturia, urinary urgency, 
and urgency incontinence) and voiding symptoms (slow 
and/or interrupted stream, terminal dribble, hesitancy and 
training).18 Previous urodynamic studies have shown that 
a high proportion of Parkinson’s patients have OAB.19 

OAB symptoms are characterized by urgent urination 
and can be accompanied by frequent urination, nocturia, 
and urgency incontinence, which can seriously interfere 
with and impair health-related quality of life.20

Female parkinsonian patients were selected as the 
study group to eliminate problems associated with the 
male prostate. Benign prostatic hyperplasia (BPH) leads 
to bladder outlet obstruction, and LUTS may be secondary 
to BPH.21 When male PD patients have abnormal urody-
namic parameters, we cannot attribute them to PD or BPH 
with certainty. Therefore, we selected females to study the 
effect of PD on patients’ urinary storage and urination 
dysfunction, and thus eliminate confounding factors as 
much as possible. However, we also excluded urethral 
stricture and uterine prolapse from the inclusion criteria, 
which could also lead to bladder outlet obstruction in 
females.

In our study, all patients had symptoms of urination 
storage, and only five patients had urination symptoms at 
the same time. Urodynamic study showed that most 
patients had OAB, and OAB often presented as symptoms 
of urine storage, which indicated that LUTS in female 
parkinsonian patients mainly occurred during the urine 
storage phase.

When these patients sought out treatment at the hospi-
tal for LUTS, their quality of life had been disrupted and 
treatments were required. Most patients showed OAB and 
anal sphincter damage on examination, which may be 
caused by neurogenic injury. The results of the patient’s 
urodynamic examination are more likely to be an abnor-
mal indicator of neuronal injury. Our study also showed 

that frequency, nocturia, urgency and urgency inconti-
nence are important factors affecting PD patient quality 
of life, and these symptoms were mainly associated with 
the urine storage period. Previous studies of patients with 
LUTS also support our observations that symptoms of 
urination storage were more likely to affect patients QOL 
than voiding symptoms.22 Thus, the conclusions of our 
study are consistent with previous results.

The pathophysiology of OAB symptoms in PD may be 
disruption of the dopamine D1-GABAergic direct pathway 
and its GABAergic collateral to the micturition circuit, 
resulting in urination reflex and loss of inhibition of 
OAB symptoms. OAB symptoms correlate in severity 
with urodynamic abnormalities and dopaminergic deficit 
on dopamine transporter scans.18,23 Despite the high inci-
dence of LUTS and its impact on QOL, current treatment 
options for PD patients are limited. Antimycin is the first- 
line treatment for OAB symptoms. Intradermal injection of 
botulinum toxin is also effective in OAB, but it is asso-
ciated with the risk of urinary retention. Finally, desmo-
pressin is effective in the treatment of nocturnal polyuria, 
which is common in PD patients.24 If there is no signifi-
cant OAB on urodynamic study, pharmacological treat-
ment may not significantly improve LUTS. DBS is 
therefore a promising minimally invasive surgical method 
for the treatment of PD. However, few studies have been 
performed to examine urination storage and urination dys-
function in Parkinson’s patients, and thus, the conclusions 
are still controversial.12,14

DBS can improve degenerated neural electrical activity 
and restore neurotransmitters and motor control circuits to 
a relatively normal functional state. We speculated that DBS 
can improve signal transduction of neural pathways, thus 
relieving OAB and improving LUTS. Our study showed that 
after DBS treatment, the QOL of a considerable number of 
patients improved, and the change in nocturia and urgency 
symptoms was the most important factor influenced on the 

Table 4 Assessment of Improvement Based on Changes in QOL Scores

Group According to the Change in 
QOL Scores

OAB Confirmed by 
Urodynamic Study

OAB Not Confirmed by 
Urodynamic Study

Total

≥2 Points reduction in QOL scores 8 (61.5%) 0 (0%) 8 (40%)

1 Point reduction in QOL scores 2 (15.4%) 4 (57.1%) 6 (30%)

No change in QOL scores 3 (23.1%) 3 (42.9%) 6 (30%)
Total number of patients 13 (65%) 7 (35%) 20 (100%)

Abbreviations: OAB, overactive bladder; QOL, quality of life.
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improvement in QOL. We found that the QOL of 77% of the 
patients with OAB, as assessed by preoperative urodynamic 
study, was improved after DBS treatment, with 62% of these 
patients showing significant improvement in QOL. QOL in 
57% of the patients without OAB, as assessed by preoperative 
urodynamic study, improved slightly after DBS treatment. 
Correlation analysis showed a strong correlation between 
OAB, as determined in urodynamic study, and OAB scores. 
Therefore, we speculated that DBS treatment may improve 
OAB symptoms in patients diagnosed with OAB in the pre-
operative urodynamic study and ultimately the patient’s QOL.

The study also has several limitations. First, the sample 
size is small. Only 20 female patients were included in the 
study due to the robust inclusion criteria. However, these 20 
patients were all evaluated by urologists through urody-
namic study and received DBS treatment. Thus, although 
our sample size was limited, we carefully managed the cases 
in order to achieve reliable and instructive results. Finally, 
these patients were not evaluated through urodynamic study 
after DBS, which may help us to further understand the 
nature of their development and treatment. On the other 
hand, we hope that this conclusion can provide a few gui-
dance for the treatment of female parkinsonian patients with 
lower urinary tract symptoms in the future.

Conclusion
Lower urinary tract symptoms of female parkinsonian 
patients are mainly observed in the urine storage phase 
as a majority of these patients have OAB. DBS treatment 
can improve OAB symptoms. Improvement of nocturia 
and urgency is important for the QOL of patients, and 
improvement in nocturia had the greatest influence on 
the improvement in QOL scores.
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