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Introduction: We analyzed the time course of postvoid residual urine volume for patients with cerebrovascular diseases in the acute 
phase.
Materials and Methods: A multidisciplinary specialized team measured postvoid residual urine volume of 65 patients (31 patients 
with cerebral infarction and 34 patients with cerebral hemorrhage) from September 2021 to August 2023. If a patient’s postvoid 
residual urine volume was 100 mL or more, an indwelling urinary catheter was reinserted with or without medication, or clean 
intermittent catheterization was performed with or without medication. The multidisciplinary specialized team took repeated measure
ments of postvoid residual urine volume for a patient at every week’s round until the postvoid residual urine volume was <100 mL. 
The cumulative incidence of the time interval between the onset of the cerebrovascular accident and the day of postvoid residual urine 
volume <100 mL was calculated as 1 + the Kaplan–Meier estimator.
Results: In the Kaplan–Meier estimator, the median cumulative incidence of the period between the onset of a cerebrovascular 
accident and the day in which postvoid residual urine volume was <100 mL was 16.5 days and 15.5 days for patients with cerebral 
infarction and cerebral hemorrhage, respectively. No significant difference existed between the two groups in the time interval from the 
onset of a cerebrovascular accident to the day in which postvoid residual urine volume was <100 mL (The P value from the Log-rank 
test was 0.845). The time interval between the onset of a cerebrovascular accident and the day in which postvoid residual urine volume 
was <100 mL was 75 days after the onset of both types of cerebrovascular accidents.
Conclusion: Postvoid residual urine volume of patients with cerebrovascular disease was expected to become <100 mL within 75 
days after the onset of the cerebrovascular accident.
Keywords: lower urinary tract symptom, multidisciplinary specialized team, stroke

Introduction
Lower urinary tract symptoms such as storage or voiding symptoms are common in patients with cerebrovascular diseases. The 
urinary tract symptoms depend on the phase of cerebrovascular disease1–8 or the type of cerebrovascular such as cerebral 
infarction (CI) or cerebral hemorrhage (CH).1–7 Patients with cerebrovascular disease in the acute phase have storage symptoms 
such as urinary retention or increased postvoid residual urine volume (PVR);1,2 therefore, urinary catheters are inserted in patients 
with cerebrovascular disease. In Japan, to avoid the unnecessary chronic use of indwelling urinary catheters, a multidisciplinary 
specialized team intervenes in patients who are suspected of having lower urinary tract symptoms. The multidisciplinary 
specialized team included medical doctors, nurses, physiotherapists, and occupational therapists. Our team members gathered 
once weekly to discuss lower urinary tract symptoms such as storage or voiding symptoms in patients with cerebrovascular 
diseases. Physiotherapists and occupational therapists help individuals maintain independence in toileting, nurses measured 
PVR9 of the patients and administered clean intermittent catheterization, and doctors prescribe medications. In our hospital, the 
team supports patients from various dimensions to improve their voiding function.
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This study investigated the time course of PVR for patients with cerebrovascular diseases in the acute phase.

Materials and Methods
This study was conducted at Tokyo Women’s Medical University Yachiyo Medical Center (Yachiyo City, Chiba 
Prefecture, Japan). It was approved by the Institutional Review Board of Tokyo Women’s Medical University (registra
tion no. 2023–0082). The patients’ informed consent for researchers to review their medical records was not required by 
the committee because of the retrospective of the study. However, we uploaded the information about the study to use the 
patients’ acute stroke data in our hospital’s homepage. The study and protocol were conducted in accordance with the 
Declaration of Helsinki guidelines. The patients’ data were extracted and stored on a password-protected shared drive, 
which could only be accessed by the personnel named in this study; therefore, patient confidentiality was protected. In 
this hospital-based study, we checked PVR of 65 patients with cerebrovascular disease who had been hospitalized in the 
Department of Neurosurgery Unit in Tokyo Women’s Medical University Yachiyo Medical Center (Tokyo, Japan) from 
September 2021 to August 2023. The exclusion criteria were (1) severe diabetes mellitus and (2) the presence of benign 
prostate hyperplasia with a volume >30 g. The 65 inpatients consisted of 31 patients with CI and 34 patients with CH. All 
65 inpatients had an indwelling urinary catheter after the onset of cerebrovascular disease and had undergone intervention 
by the multidisciplinary specialized team. The indwelling urinary catheter was removed in the morning before each 
week’s afternoon round of the multidisciplinary specialized team. The multidisciplinary specialized team measured PVR 
by using a bladder volume ultrasound imaging device (Liliumα-200E; Lilium Otsuka Co., Ltd., Kanagawa, Japan) on 65 
patients with cerebrovascular disease. If a patient’s PVR was <100 mL, an indwelling urinary catheter did not need to be 
reinserted. However, if a patient’s PVR was ≥100 mL, an indwelling urinary catheter needed to be reinserted with or 
without medications such as an alpha-blocker or distigmine bromide, or the patient needed to undergo clean intermittent 
catheterization with or without medications such as an alpha-blocker or distigmine bromide. The multidisciplinary 
specialized team performed repeated measurements of the patients’ PVR at each week’s round until PVR was <100 mL. 
We compared sex, age, the time interval between the onset of the cerebrovascular accident and the day of the first 
intervention by the multidisciplinary specialized team, PVR at the first intervention, and the choice of the medications for 
treating lower urinary tract symptoms of cerebrovascular diseases between the CI patient group and the CH patient 
group. We also compared the lesion localization in the patients.

The cumulative incidence of the time interval between the onset of a cerebrovascular accident and the day in which 
PVR was <100 mL was calculated as 1 + the Kaplan–Meier estimator. Statistical analysis was conducted by using JMP 
Pro 16 (SAS Institute Japan Co., Ltd., Minato-ku, Tokyo, Japan). Qualitative parameters were compared by using the χ2 

test, and quantitative parameters were compared by using the unpaired two-sample t-test. The Log rank test was used in 
the Kaplan–Meier method. A value of P < 0.05 was significant.

Results
Sixty-five inpatients were included and consisted of 37 male patients and 28 female patients. Table 1 shows the clinical 
characteristics of patients with CI and CH. The median age of the patients was 79 years and 75.5 years in the CI group 
and the CH group, respectively. The median time interval between the onset of a cerebrovascular accident and the day of 
the first intervention by the multidisciplinary specialized team was 7 days and 9 days in the CI group and CH group, 
respectively. The median PVR at the first intervention was 300 mL and 365 mL in the CI group and in the CH group, 
respectively. We prescribed an α-blocker only to 19 (29%) of 65 patients, distigmine bromide only to 3 (5%) of 65 
patients, and an α-blocker plus distigmine bromide to 9 (14%) of 65 patients. Fifty-two percent (34/65) of patients had no 
medications for the choice of the medications for treating lower urinary tract symptoms of cerebrovascular diseases. No 
significant differences existed in age, the time interval between the onset of a cerebrovascular accident and the day of the 
first examination by the multidisciplinary specialized team, PVR at the first intervention, and the choice of the 
medications for treating lower urinary tract symptoms of cerebrovascular diseases with CI and patients with CH. 
Table 2 shows the lesion localization among patients with CI and patients with CH. No significant differences existed 
between the two groups.
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Figure 1 presents the cumulative incidence of the time interval between the onset of a cerebrovascular accident and 
the day in which PVR became <100 mL. The median cumulative incidence of the interval was 16.5 days and 15.5 days in 
patients with CI and in patients with CH, respectively. The P value from the Log rank test was 0.845; thus, no significant 
difference existed between the two groups in the time interval from the onset of a cerebrovascular accident to the day 
when PVR was <100 mL. PVR of both patient groups became <100 mL at 75 days after the onset of the cerebrovascular 
disease.

Discussion
Doshi et al4 reported that 20.9% of 140 patients with cerebrovascular disease during the acute phase had urinary 
retention, Prabhakar et al10 reported that 19.4% (6/31) of patients with CI had urinary retention. Urinary retention 

Table 1 Clinical Characteristics of Patients with Cerebral Infarction and Cerebral Hemorrhage

Cerebral Infarction 
(N=31)

Cerebral Hemorrhage 
(N=34)

P-value

Male/Female 19/12 18/16 0.62

Age (y) 0.11

Mean ± SD 77.0 ± 10.0 72.6 ± 11.3
Median (range) 79 (63–94) 75.5 (40–88)

Time interval between the onset of the cerebrovascular accident and the first 

intervention (days)

0.64

Mean ± SD 12.5 ± 13.5 14.0 ± 11.5

Median (range) 7 (1–63) 9 (1–55)
PVR at the first intervention (mL) 0.41

Mean ± SD 300.4 ± 205.8 347.9 ± 251.9

Median (range) 300 (20–800) 365 (0–800)
The choice of the medications (N) 0.90

An α-blocker only 11 8

Distigmine bromide only 1 2
An α-blocker plus distigmine bromide 4 5

No medications 15 19

Abbreviations: SD, standard deviation; PVR, postvoid residual urine volume.

Table 2 Lesion Localization in Patients with Cerebral 
Infarction and Patients with Cerebral Hemorrhage

Cerebral 
Infarction 
(N=31)

Cerebral 
Hemorrhage 
(N=34)

P-value

Frontal lobe 3 5 0.37

Parietal lobe 1 4

Temporal lobe 11 4
Occipital lobe 4 3

Basal ganglia 1 2

Putamen 1 0
Thalamus 0 3

Cerebellum 5 5

Corona radiata 9 0
Brain stem 2 1

Watershed 1 0

Internal capsule 1 0
Disseminated 1 0
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occurred in cerebrovascular disease patients during the acute phase; therefore urinary catheters may have been inserted in 
these patients. In Japan, to avoid the unnecessary use of indwelling urinary catheters during the acute phase, 
a multidisciplinary specialized team intervenes in patients who are suspected of having lower urinary tract symptoms. 
A multidisciplinary specialized team includes medical doctors, nurses, physiotherapists, and occupational therapists; 
assesses individuals` independence in toileting and urinary continence; and measures PVR of patients.9 When the 
patient’s PVR is decreased, the patient’s urinary catheter is removed. We investigated PVR during the acute phase in 
this study. Based on the Kaplan–Meier estimator, the median cumulative incidence of the period between the onset of 
a cerebrovascular accident and the day in which the PVR was <100 mL was 16.5 days and 15.5 days for patients with CI 
and CH, respectively. PVR of both patient groups became <100 mL within 75 days after the onset of a cerebrovascular 
accident. We speculated that (1) the urinary catheters of patients with cerebrovascular disease would be able to be 
removed within 75 days after the onset of cerebrovascular accidents and (2) the time course of PVR in the acute phase 
may be similar between patients with CI and patients with CH. To the best of our knowledge, this report is the first to 
investigate PVR of cerebrovascular diseases by using the Kaplan–Meier estimator.

Sumiya et al3 reported that patients with cerebrovascular disease in Japan are treated in three phases: acute phase, 
convalescent phase, and community-based phase. In their study, 20.9% (207/990) of post-stroke patients had their lower 
urinary tract symptom medications switched on transferring from an acute ward to a convalescence rehabilitation ward. 
Sumiya et al3 concluded that prescription drugs for voiding symptoms tended to increase during the acute care wards, 
while prescription drugs for storage symptoms tend to decrease during the acute care wards and increase in the 
convalescence rehabilitation wards. Therefore, lower urinary tract symptoms for patients with cerebrovascular disease 
are changeable and depend on the phase. We recommend clinicians measure PVR during the acute phase and during 
convalescent phase.

We summarized the comparison of lower urinary tract symptoms between patients with CI and patients with CH in 
Table 3. We concluded in this study that, in the acute phase, the rate of patients whose PVR was >100 mL at the first 
intervention by our multidisciplinary specialized team was 83.9% (26/31 patients) and 79.4% (27/34 patients) in patients 
with CI and CH, respectively. Therefore, both groups of patients had voiding symptoms. Lucke-Wold et al2 reported that 
patients with CI had detrusor overactivity, leading to urinary retention, and patients with CH had increased bladder 
residual volume; therefore, both of these cerebrovascular disease patient groups had voiding symptoms in the acute 
phase. However, Han et al7 in their urodynamic study reported that, in the chronic phase, ischemic patients had detrusor 
overactivity (70.7%) or detrusor underactivity (29.3%), and hemorrhagic patients had detrusor overactivity (34.6%) or 

Figure 1 The cumulative incidence of the time interval between the onset of a cerebrovascular accident and the day in which postvoid residual urine volume was <100 mL.
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Table 3 The Difference in Lower Urinary Tract Symptoms Between Patients with Cerebral Infarction and Patients with Cerebral Hemorrhage

First Author Publishing 
Year

Phase Cerebral Infarction Cerebral Hemorrhage

Voiding Symptom Storage Symptom Voiding Symptom Storage Symptom

Luke-Wold et al2 2020 Acute Detrusor overactivity leading to urinary retention Increased bladder residual volume

This study 2024 Acute PVR≥100 mL; 83.9% (26/31 

patients)

PVR≥100 mL; 79.4% (27/34 

patients)
Cai et al5 2013 Chronic Urinary incontinence; 

41.7% (241/578 patients)

Urinary incontinence; 52.9% (55/104 

patients)

Itoh et al6 2013 Chronic Overactive bladder; 
26.5% (13/49 patients)

Overactive bladder; 
29.5% (90/305 patients)

Han et al7 2010 Chronic Detrusor underactivity; 

29.3% (17/58 patients)

Detrusor overactivity; 

70.7% (41/58 patients)

Detrusor underactivity; 

65.4% (17/26 patients)

Detrusor overactivity; 

34.6% (9/16 patients)
Pizzi et al8 2013 Chronic Detrusor underactivity; 

6% (4/63 patients)

Detrusor overactivity; 

48% (30/63 patients)

Detrusor overactivity with impaired contractility; 

16% (10/63 patients)

Abbreviation: PVR, postvoid residual urine volume.
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detrusor underactivity (65.4%). Pizzi et al8 reported that 48% (30/63) of patients with CI had detrusor overactivity, 16% 
(10/63) of patients had detrusor overactivity with impaired contractility, and 6% (4/63) of patients had detrusor under
activity. Cai et al5 and Itoh et al6 reported that CI and CH patients both tended to have storage symptoms such as 
overactive bladder and urinary incontinence. Therefore, lower urinary tract symptom of cerebrovascular disease in the 
chronic phase tends to vary from patient to patient.

With regard to the relationship between lower urinary tract symptoms and lesion localization of CI and CH, Lucke-Wold et al2 

reported that the pontine micturition center and frontal lobe urinary control center were important regulators of urinary function. 
Pontine micturition center damage causes an inability to void and increases PVR, whereas frontal lobe damage causes urinary 
incontinence and increased urinary frequency in the acute phase. Therefore, cerebral disease of the frontal lobe may be suspected 
in cases of overactive bladder. Our study included three patients with CI and five patients with CH who had frontal lobe damage. 
At the first intervention by our multidisciplinary specialized team, the mean PVR of the three patients with CI of the frontal lobe 
was 312 mL (range; 116–700 mL) and the mean PVR of the five patients with CH in the frontal lobe was 664 mL (range: 
420–700 mL). We believed that cerebrovascular disease of the frontal lobe increased PVR in the acute phase.

With regard to medicine for patients whose PVR was ≥100 mL, we prescribed alpha-blockers and/or distigmine bromide. 
Bayrak et al11 reported that alpha-blockers and cholinesterase inhibitors such as distigmine bromide are useful for treating 
underactive bladder and concluded that the combination of alpha-blockers and distigmine (5 mg) could be administered 
effectively and reliably. Yamanishi et al12 reported a significant decrease in PVR with alpha-blockers and cholinergic agent 
combination treatment, compared with the decrease in PVR with alpha-blocker treatment alone or with cholinergic drug treatment 
alone.

Our multidisciplinary specialized team regularly measured PVR. When a patient’s PVR was <100 mL, an indwelling 
urinary catheter did not need to be reinserted, it might be expected to be useful in avoiding the unnecessary chronic use of 
indwelling urinary catheters. Gopinath et al13 reported that a multidisciplinary team in urogynecology provides outstanding 
service to patients and allows the members to learn and support each other, thereby providing a positive working environment 
and richer work experience. Balachandran et al14 report the potential need for further debate and a randomized trial to assess 
whether involving a multidisciplinary team in managing urinary incontinence is cost-effective. Investigating the benefit and 
the cost of a multidisciplinary team for patients who have lower urinary tract symptom might be needed in the future.

Our study has several limitations. First, the study was based on retrospective information and the evidence level was lower 
than that of prospective studies. Second, our hospital is a University Hospital for patients in the acute phase and convalescent 
phase. When patients were in the community-based phase, following the acute phase and convalescent phase, they needed to be 
transferred to another Hospital. We investigated PVR from the acute phase to the convalescent phase only; therefore, assessing 
the patients long-term was problematic. Third, the number of patients was small. In the future, we hope to collect more patient 
data with regard to PVR. Fourth, our study group had three patients with diabetes and five patients with benign prostate 
hyperplasia. Diabetes and benign prostate hyperplasia are risk factors for an increased PVR. However, the patients’ diabetes was 
not severe and the volume of benign prostate hyperplasia was <30 g. Therefore, we believed these factors had little influence on 
PVR. Fifth, we did not measure PVR and did not evaluate lower urinary tract function in precerebrovascular disease because all 
patients did not visit our department of urology before the incident of cerebrovascular disease. Sixth, we could not unify the type 
of medication or catheter, we prescribed an alpha-blocker and/or distigmine bromide, and we decided on intermittent or long- 
term catheter use but treatment choice depended on the decision of each physician and patient’s condition.

Conclusions
PVR increases in cerebrovascular disease in acute phase. PVR of the patients with cerebrovascular disease was expected 
to become <100 mL within 75 days after the onset of the cerebrovascular accident.

Abbreviations
CI, cerebral infarction; CH, cerebral hemorrhage; PVR, postvoid residual urine volume.

Data Sharing Statement
The data that support the findings of this study are available from the corresponding author upon reasonable request.
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