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Abstract 
Purpose: To clarify which patients need careful neurourological management 
after abdominal radical hysterectomy (RH) by investigating the effects of ad-
juvant radiotherapy and reversibility of neurogenic bladder (NB) on the sto-
rage function as well as the effects of urethral resistance on the emptying 
function. Methods: Data from sixty-two patients referred to our NB clinic af-
ter RH were retrospectively reviewed. Findings of urodynamic studies per-
formed at 3 (UDS-1) and 12 (UDS-2) months after treatment were compared, 
and logistic analysis was used to calculate the odds ratio (OR) of the effects of 
radiotherapy and irreversible NB on decreased bladder capacity and decreased 
compliance. Irreversible NB was defined as the need for clean intermittent 
catheterization at the last follow-up. Results: At the median follow-up period 
of 41 months, 60% of the patients continued to require clean intermittent ca-
theterization. Of patients with irreversible NB and radiotherapy, 80% had de-
creased bladder capacity and decreased compliance at UDS-2. For decreased 
bladder capacity and decreased compliance, ORs of adjuvant radiotherapy at 
UDS-2 were 38.42 (p < 0.001) and 7.46 (p = 0.001), respectively, while ORs of 
irreversible NB were 1.64 (p = 0.527) and 3.42 (p = 0.062), respectively. De-
trusor contraction could be demonstrated in only 15% and 45% at UDS-1 and 
UDS-2, respectively. However, regardless of improvement in detrusor con-
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tractility, urodynamic studies revealed a high urethral resistance. Conclu-
sions: Careful neurourological follow-up after RH is mandatory for patients 
who undergo adjuvant radiotherapy and have irreversible NB with impaired 
urethral relaxation. 
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Urinary Bladder, Neurogenic, Clean Intermittent Catheterization,  
Hysterectomy, Radiotherapy 

 

1. Introduction 

Infrasacral neurogenic bladder (NB) after abdominal radical hysterectomy (RH) 
for cervical cancer is a well-recognized condition [1]. However, the diagnostic 
modalities and time to examination are variable, and there are few reports about 
lower urinary tract (LUT) management for this condition [1] [2]. The reported 
incidences of LUT dysfunction are also variable; for example, the incidence of 
straining to void ranges from 40% to 100%, reduced filling sensation from 30% 
to 60%, and low compliance bladder (LC) from 20% to 50% [3]. More than 30% 
of patients suffer from long-lasting NB [3]. Cervical cancer usually affects mid-
dle-aged women and can be cured by modern multidisciplinary treatment, 
which achieves excellent five-year survival rates: 91.8% and 71.5% for Stage I and 
II disease, respectively [4]. Therefore, it is important that patients with NB after 
RH be evaluated by precise modalities and receive appropriate LUT manage-
ment. 

The pathophysiological mechanisms of NB after RH are multifactorial and not 
fully understood [5]. Postoperative NB occurs due to partial or complete disrup-
tion of the sympathetic and parasympathetic fibers running through the pa-
ra-cervix and innervating the LUT [5]. In addition to peripheral nerve injuries, 
blood flow to the LUT is impaired, and the resulting tissue hypoxia may also 
have an impact on LUT function [6]. Bladder hypoxia will ultimately lead to low 
bladder compliance and progressively impair detrusor contractility [6]. Adjuvant 
radiotherapy can aggravate fibrotic change of the affected bladder and further 
compromise the bladder compliance and contractility [6]. The International 
Consultation on Incontinence-Research Society stated that urodynamic screen-
ing for the cause of LUT dysfunction is warranted before conservative manage-
ment is initiated [6], and that if LUT dysfunction persists after the period of 6 - 12 
months of conservative management has been completed, a new urodynamic 
screening should be followed by appropriate treatment [6]. 

In Japan, RH has been performing according to the procedure developed by 
Okabayashi with modifications such as nerve-sparing RH [7] [8]. Okabayashi’s 
RH is characterized by wide extirpation of parametrial tissue and separation of 
the posterior leaf of the vesicouterine ligament, enabling the surgeon to separate 
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the bladder with the ureter completely from the lateral side of the cervix and va-
gina [8]. This means that Okabayashi’s method may be classified as a Class IV 
radical hysterectomy in the classification of Piver’s et al. [8]. Surgery plays a do-
minant role in treatment for cervical cancer due to concern that radiotherapy 
will cause permanent loss of ovarian function and sexual disturbances due to fi-
brosis of the vaginal canal [7] [9]. Consequently, in Japan, surgery is performed 
as the initial therapy for cervical cancer in 91% and 58% of patients with stage I 
and II disease, respectively [4] [7]. Nevertheless, of the patients undergoing RH, 
19% of patients with Stage I disease and 49% of patients with Stage II disease re-
ceived adjuvant radiotherapy or chemoradiation [4]. Moreover, the overall inci-
dence of severe urological complications after radiotherapy for gynecological 
malignancies was comparatively higher in Japan than in the United States and 
Europe [10]. 

In the present study, to clarify which patients need careful neurourological 
management after RH, we retrospectively investigated data on LUT management 
and urodynamic studies (UDS) of patients referred to our NB clinic, with partic-
ular emphasis on the effects of adjuvant radiotherapy and reversibility of NB on 
the storage function as well as the effects of urethral resistance on the emptying 
function. Our hypotheses were: 

1) Adjuvant radiotherapy highlighted LC predominantly in patients with ir-
reversible NB, which reduced bladder capacity. 

2) High urethral resistance involved the efficiency of bladder expression. 

2. Materials and Methods 

In 2005, based on the experience of spontaneous bladder perforation of three pa-
tients after RH with adjuvant radiotherapy as a late complication, the urologists, 
gynecologists, and nurses of Tsukuba University Hospital agreed that: 1) forceful 
bladder expression such as straining to void as LUT management for patients 
after RH was to be avoided [11]; 2) CIC was to be promptly introduced instead; 
and 3) after discharge all the patients who needed CIC at discharge were to be 
managed at the NB clinic of Tsukuba University Hospital. After approval of the 
clinical research ethics committee at Tsukuba University Hospital (approval 
number: H28-149) with the 1964 Helsinki declaration and its later amendments 
or complete ethical standards, the clinical charts of 69 consecutive patients who 
needed CIC at discharge and were referred to the NB clinic between 2005 and 
2009 were reviewed in this study. During the same period, 118 patients under-
went RH at our institution; therefore, the subjects comprised 58% (69/118) of all 
RH patients, which means that the remaining 49 patients did not need CIC at 
discharge and were not referred to the NB clinic. 

The LUT management plan of the NB clinic is shown in Figure 1. Bladder 
expression to facilitate emptying the bladder is not recommended because it in-
creases bladder pressure, risk of vesicoureteral reflux, and pressure propagation 
to the kidneys and pelvic floor, potentially resulting in long-term renal and  
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Figure 1. Lower urinary tract management plan for post-RH patients. RH: 
radical hysterectomy; CIC: clean intermittent catheterization; UDS: urody-
namic study. 

 
pelvic floor damage [11]. Therefore, CIC should be substituted for bladder ex-
pression [11]. Patients were thoroughly instructed about the pathophysiology of 
NB and the need for LUT management after the first UDS (UDS-1) performed 
within six months after completion of the treatment for cervical cancer. Because 
LUT function is usually recovered around 12 months after radical pelvic surgery 
[6], the second UDS (UDS-2) was performed at that time. If sufficient detrusor 
contraction was present or if sufficient detrusor contraction was not demon-
strated but a continuous flow pattern was evident on repeat uroflowmetries, CIC 
was gradually stopped. On the other hand, if detrusor contraction was not dem-
onstrated and an intermittent flow pattern with a poor flow rate was shown on 
repeated uroflowmetries, CIC was continued. 

UDS was conducted according to recommendations of the International Con-
tinence Society [12]. A JANUS system (Amco Inc., Tokyo, Japan) was used for 
UDS. To avoid bladder over-distention, the infusion was stopped if urinary sen-
sation did not appear or was significantly reduced when the infused volume ex-
ceeded 500 mL or detrusor pressure exceeded 40 cm H2O. Abnormal filling sen-
sation was defined as the lack of at least one sensation of the first sensation of 
filling (FS), first desire to void (FDV), strong desire to void (SDV), and maxi-
mum cystometric capacity (MCC) [13], or FDV > 300 mL or MCC > 500 mL, 
which are customarily used at our NB clinic. Bladder compliance < 20 mL/cm 
H2O was defined as LC, while < 10 mL/cm H2O was defined as severe LC [2]. 
Because detrusor contraction in the emptying phase was approximately 10 cm 
H2O or less and high pressure abdominal straining compensated for detrusor 
underactivity in most cases, intravesical pressure (Pves) was used in this study. 
In addition, the interpretation of perianal surface electromyography findings due 
to abdominal straining is very difficult so urethral resistance (R, cmH2O/ 
(mL/s)2), calculated by the equation Pves at maximum flow rate (Qmax) divided 
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by (Qmax)2 was used to evaluate urethral function during emptying [14]. R > 
0.30 cmH2O/(mL/s)2 was defined as high R [15]. 

In the present study, patient characteristics, LUT management, and UDS-1 
and UDS-2 findings were reviewed. MCC and bladder compliance were com-
pared between RH alone and RH followed by adjuvant radiotherapy, and be-
tween reversible and irreversible NB, which was defined as the need for CIC at 
the last follow-up. 

Statistical analysis was performed using JMP8 (SAS Institute Inc.). Data are 
shown as mean ± SD unless otherwise indicated. Analysis of variance was used 
for unpaired data, paired t-test for paired data, and Pearson’s chi-square test or 
Fisher’s exact test for contingency tables. Logistic analysis was used for calculat-
ing the odds ratio (OR) of radiotherapy and irreversible NB for MCC < 300 mL 
and LC. Spearman’s rank correlation coefficient was used for analyzing the cor-
relation between R and the voiding parameters in UDS-2. P < 0.05 was consi-
dered to be statistically significant. 

3. Results 
3.1. Patient Characteristics 

Sixty-nine patients were referred to the NB clinic, but seven patients were lost 
due to early recurrence or metastasis (4) or refusal of subsequent visits to the NB 
clinic (3). Therefore, clinical data of the remaining 62 patients were reviewed. At 
RH, patients were 45.3 ± 10.4 years old. Co-morbidities and previous surgical 
histories included diabetes mellitus (3), mild lumbar spondylosis (2), hyperthy-
roidism (1), hypothyroidism (1), epilepsy (1), ovariectomy for ovarian cancer 
(1), mastectomy for breast cancer (1), and enucleation for meningioma (1). 
Pharmacotherapies had these medical diseases under control, and no recurrent 
malignant and benign neoplasms occurred during the study period. Forty-three 
patients had stage I disease (IA2: 1, IB1: 30, IB2: 12), and 19 had stage II disease 
(IIA: 3, IIB: 16). All patients underwent Okabayashi’s radical hysterectomy. Ac-
cording to surgical records, a uni- or bilateral nerve-sparing procedure was at-
tempted in 56 patients (90%). Thirty-five (51%) received adjuvant radiotherapy 
according to the Japan Society of Gynecologic Oncology guidelines, that is, using 
a 4-field box technique, whole pelvic irradiation with a total dose of 50.4 Gy was 
administered over a 5-week period. The median follow-up period was 41.3 
months (range 12.4 - 80.1 months). Patients characteristics according to reversi-
bility of NB are shown in Table 1. 

3.2. Lower Urinary Tract Management 

At last follow-up, 25 patients (40%) voluntarily voided without the aid of cathe-
terization, while 37 (60%) continued CIC. Sixty per cent and 58% of patients 
with stage I and II diseases, respectively, continued CIC (p = 1.000). The average 
period to voluntary voiding was 14.2 months (median: 14 months; range: 2 - 26 
months), and six patients took more than 18 months to terminate CIC. 
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Table 1. Patients characteristics according to reversibility of neurogenic bladder. 

 Reversible NB Irreversible NB p 

n 25 37  

Age 44.6 ± 9.4 44.9 ± 11.2 0.915* 

Follow-up period (months),  
median (range) 

24 (12 - 54) 28 (12 - 56) 0.096* 

Stage    

I/II/III 17/8/0 26/10/1 0.755** 

Adjuvant radiotherapy, n (%) 13 (52) 19 (51) 0.960** 

Values are presented as mean ± standard deviation. NB: neurogenic bladder. *Analysis of variance; 
**Pearson’s chi-square test. 

3.3. Urodynamic Findings on Storage Function 

UDS findings on the storage phase are shown in Table 2 and Table 3. Compared 
with UDS-1, the incidence of abnormal filling sensation in UDS-2 was not sig-
nificantly decreased, while the incidence of MCC < 300 mL was significantly in-
creased (p = 0.004, Table 2). UDS-2 revealed detrusor overactivity (DO) in 10 
patients (19.6%), although the presence or absence of DO was not associated 
with a continuation of CIC (a 60% CIC rate in patients with DO vs. a 62% CIC 
rate in patients without DO). Bladder compliance was not improved and the in-
cidence of LC or severe LC was not decreased in UDS-2 (Table 2). According to 
the reversibility of NB, UDS findings in the storage phase did not show any sta-
tistical difference (Table 3). In terms of lower urinary tract symptoms (LUTS), 
one and four patients at UDS-1, and five and two patients at UDS-2 complained 
of stress urinary incontinence and nighttime urinary leakage. The average blad-
der compliance of these incontinent patients was 12.9 ± 6.3 mL/cm H2O and 9.3 
± 5.8 mL/cm H2O at UDS-1 and UDS-2, respectively. Of 10 patients with severe 
LC at UDS-2, eight patients took anticholinergic drugs, including propiverine 40 
mg/day by six patients and tolterodine 4 mg/day by two; however, follow-up 
urodynamic studies showed no remarkable improvement in the storage function 
(data not shown). 

3.4. Effects of Adjuvant Radiotherapy and Reversibility of NB on 
the Storage Function 

In terms of the effects of adjuvant radiotherapy on storage function, the patients 
with radiotherapy had significantly smaller MCC and lower bladder compliance 
than patients without radiotherapy, and had a significantly higher incidence of 
MCC < 300 mL, LC, and severe LC than patients without radiotherapy (Table 
4). On UDS-1 and UDS-2, ORs of MCC < 300 mL after radiotherapy were 11.86 
(95% CI, 2.01 - 227.10, p = 0.004) and 35.71 (95% CI, 8.00 - 261.93, p < 0.001), 
respectively, while ORs for LC after radiotherapy were 4.85 (95% CI, 1.62 - 16.23, p 
= 0.004) and 5.95 (95% CI, 1.88 - 21.07, p = 0.002), and for severe LC were 6.96 
(95% CI, 1.09 - 136.11, p = 0.039) and 6.25 (95% CI, 1.40 - 44.33, p = 0.015), re-
spectively. The incidences of MCC < 300 mL and LC in reversible and  
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Table 2. Urodynamic parameters after radical hysterectomy. 

 1st UDS 2nd UDS p 

Storage function after radical hysterectomy 

n 61 54  

Time (month), median (range) 3 (1 - 6) 12 (8 - 17)  

Filling sensation (mL)    

FS 209.3 ± 107.9 180.1 ± 104.7 0.151* 

FDV 265.3 ± 97.2 234.1 ± 98.7 0.017* 

SDV 324.6 ± 92.7 277.1 ± 98.1 <0.001* 

MCC 388.3 ± 96.6 328.8 ± 114.3 <0.001* 

Abnormal filling sensation# (%) 56 39 0.071** 

MCC < 300 mL (%) 16 41 0.004** 

Compliance (mL/cmH2O) 32.8 ± 37.2 26.9 ± 18.7 0.382* 

<20 (%) 38 43 0.593** 

<10 (%) 11 20 0.190** 

 

Emptying function after radical hysterectomy 

n 59 50  

Voiding on UDS n, (%) 13 (22) 25 (50) 0.003** 

Contractile detrusor, n (%) 2 (15) 12 (48) 0.077*** 

Pressure and flow parameters    

PvesQmax (cm H2O) 81.0 ± 37.1 68.0 ± 29.8 0.514* 

Qmax (mL/sec) 9.2 ± 5.3 8.6 ± 5.0 0.642* 

Qave (mL/sec) 3.4 ± 1.9 3.0 ± 1.9 0.340* 

VV (mL) 166.2 ± 140.7 177.8 ± 136.7 0.652* 

PVR(mL) 214.5 ± 149.3 226.0 ± 129.8 0.904* 

VT (sec) 65.6 ± 39.4 90.8 ± 64.4 0.177* 

R+(cmH2O/(mL/sec)2) 
2.17 ± 2.47 

(median: 0.85, IQR: 0.46, 3.68) 
4.57 ± 15.55 

(median: 1.19, IQR: 0.45, 2.32) 
0.417* 

Values are presented as mean ± standard deviation. UDS: urodynamic study; FS: first sensation of filling; FDV: first desire to void; SDV, strong desire to 
void; MCC: maximum cystometric capacity; PvesQmax: intravesical pressure at maximum flow rate; Qmax: maximum flow rate; Qave: average flow rate; 
VV: voided volume; PVR: post-void residual volume; VT: voiding time; R: urethral resistance. *Paired t-test; **Pearson’s chi-square test; ***Fisher’s exact 
test; #Lack of at least one filling sensation or FDV >300 mL or MCC >500 mL; + = PvesQmax/(Qmax)2. 

 
irreversible NB are shown in Figure 2. For MCC < 300 mL and LC, ORs of radio-
therapy were 38.42 (95% CI, 8.36 - 293.31, p < 0.001) and 7.46 (95% CI, 2.19 - 20.13, 
p = 0.001), respectively, while ORs of irreversible NB were 1.64 (95% CI, 0.35 - 8.26, 
p = 0.527) and 3.42 (95% CI, 0.94 - 14.49, p = 0.062), respectively. 

3.5. Urodynamic Findings on Emptying Function 

In the emptying phase, only 22% and 50% of patients were able to void during  
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Table 4. Maximum cystometric capacity and bladder compliance in patients with or 
without adjuvant radiotherapy. 

 1st UDS 2nd UDS 

 
RT 

(n = 31) 
no RT 

(n = 30) 
p 

RT 
(n = 27) 

no RT 
(n = 27) 

p 

MCC (mL) 351.2 ± 102.7 426.6 ± 73.5 0.002* 265.9 ± 93.0 391.7 ± 98.8 <0.001* 

MCC < 300, n (%) 9 (29.0) 1 (3.3) 0.013** 20 (74.1) 2 (7.4) <0.001** 

       

Compliance (mL/cm H2O) 23.6 ± 19.7 42.3 ± 47.8 0.049* 19.9 ± 15.3 33.9 ± 19.4 0.005* 

Compliance < 20, n (%) 17 (54.8) 6 (20.0) 0.005*** 17 (63.0) 6 (22.2) 0.003*** 

Compliance < 10, n (%) 6 (19.4) 1 (3.3) 0.104** 9 (33.3) 2 (7.4) 0.039** 

Values are presented as mean ± standard deviation. UDS: urodynamic study; MCC: maximum cystometric 
capacity; RT: radiotherapy. *Unpaired t-test; **Fisher’s exact test; ***Pearson’s chi-square test. 

 
UDS-1 and UDS-2, respectively (Table 2). Of these patients, detrusor contrac-
tion could be demonstrated in only 15% and 45% at UDS-1 and UDS-2, respec-
tively, which indicated a trend toward improved detrusor contractile function 
(Table 2). However, R did not show significant difference between UDS-1 (me-
dian: 0.85 cmH2O/(mL/s)2) and UDS-2 (median: 1.19 cmH2O/(mL/s)2). In addi-
tion, regardless of improvement in detrusor contractility, UDS revealed an ob-
structive voiding pattern, that is, high Pves (contractile patients: 59.1 ± 30.49 cm 
H2O, and acontractile patients: 76.3 ± 27.7 cm H2O, p = 0.152) during voiding 
and low Qmax (contractile patients: 9.2 ± 5.8 mL/sec and acontractile patients: 
8.1 ± 4.2 mL/sec, p = 0.591), which implied hydraulic energy loss during voiding 
that was represented by a high R (contractile patients: median; 1.10 cmH2O/ 
(mL/s)2 and acontractile patients: median; 1.28 cmH2O/ (mL/s)2, p = 0.335). At 
UDS-2, 21 of 25 patients (84%) showed high R. As shown in Table 5, R strongly 
and negatively correlated with Qmax, average flow rate, and voided volume, but 
moderately and positively correlated with post-void residual urine volume. Ac-
cording to the reversibility of NB, UDS findings in the emptying phase did not 
show any statistical difference in most of the parameters, except Pves at Qmax 
and R at UDS-1 (Table 3). Voiding LUTS could not be evaluated because almost 
all patients performed CIC at UDS-1 and UDS-2. 

4. Discussion 

RH sometimes causes infrasacral NB, which often requires CIC transiently or 
permanently. In the present study, 37 (60%) of the patients who were referred to 
the NB clinic continued CIC at the median follow-up of 41.3 months, which was 
defined as irreversible NB. These patients are probably more prone to develop 
urological complications secondary to severe infrasacral NB due to extensive pe-
ripheral nerve damage; however, as shown in Table 3, most of the UDS parame-
ters did not reveal statistically or clinically significant differences between re-
versible NB and irreversible NB. Consequently, it seems that UDS findings as a  
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Table 5. Correlation between urethral resistance and voiding parameters. 

 Spearman’s rank correlation coefficient (ρ) p 

Intravesical pressure at  
maximum flow rate 

−0.0231 0.9148 

Maximum flow rate −0.9133 <0.0001 

Average flow rate −0.8631 <0.0001 

Voided volume −0.7017 0.0001 

Post-void residual volume 0.535 0.0071 

Voiding time 0.1374 0.522 

Spearman’s rank correlation coefficient was used for analyzing the correlation between urethral resistance 
and the voiding parameters in UDS-2. 

 
whole did not adequately identify patients who need careful neurourological 
management. Because it was reported that the overall incidence of severe uro-
logical complications after radiotherapy for gynecological malignancies was 
comparatively higher in Japan than in the United States and Europe [10], it is 
conceivable that we should take into consideration not only the reversibility of 
NB after RH, but also the effects of adjuvant radiotherapy. 

Although much attention is paid to emptying dysfunction caused by detrusor 
underactivity or acontractile detrusor after RH, the present study showed that 
significant storage dysfunctions were present despite prompt initiation of CIC, 
especially in patients undergoing adjuvant radiotherapy. High pressure storage 
dysfunction represented by LC has significant adverse effects on the upper and 
lower urinary tract [16]. In the present study, LC occurred six times more fre-
quently in the patients with adjuvant radiotherapy than those without radiothe-
rapy. There have been several reports of an association between storage dysfunc-
tion and radiotherapy. At six months after RH, bladder compliance in the RH 
alone group had increased four times or more compared with that on postopera-
tive day 10 (22.3 to 87.6 mL/cm H2O), but it increased only 2.5 times in the RH 
with adjuvant radiotherapy group (13.3 to 38.1 mL/cm H2O) [17]. At about sev-
en years, LC was revealed by UDS in 24% and 60% of the RH alone and RH with 
radiotherapy groups, respectively [18]. Chuang et al. pointed out that the mean 
interval between RH and the first visit for urological management of NB was sig-
nificantly shorter in the RH with radiotherapy group (5.9 years) than the RH alone 
group (11.3 years) [2]. Moreover, the present study showed that radiotherapy hig-
hlighted LC, predominantly in patients with irreversible NB (Figure 2), and for 
LC, the estimated OR of radiotherapy together with irreversible NB was 25.51 
(7.46 × 3.42). This result is in line with a previous report by Oda et al. who showed 
that risk factors for LC were non-nerve sparing RH (OR: 3.4), adjuvant radiothe-
rapy (OR: 10.3), and bladder expression (OR: 2.9) [19]. The morphological and-
pathophysiological effects of radiotherapy on the bladder complicated by infra-
sacral NB have not been studied yet. Also, it has not been fully elucidated 
whether surgical injury to the peripheral nerve aggravates irradiation-induced  
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Figure 2. Impact of radiotherapy and reversibility of neurogenic bladder on maximum 
cystometric capacity and bladder compliance. Rates of patients with maximum cystome-
tric capacity less than 300 mL (a) and with are demonstrated (b). There are significant 
differences among these groups. A: p < 0.001, Pearson’s chi-square test; B: p = 0.002, 
Pearson’s chi-square test. NB: neurogenic bladder; RH: radical hysterectomy; RT: radio-
therapy. 
 
peripheral neuropathy. Taken together, gynecologic oncologists and neurourol-
ogists are advised to pay attention to LC, especially in patients who received ad-
juvant radiotherapy with irreversible NB, and to carefully monitor the upper and 
lower urinary tract of these patients [2] [17]. Moreover, in order to elucidate the 
presence or absence of LC, we think that UDS should be proactively performed 
in patients with any doubt about nerve preservation and adjuvant radiotherapy. 

In the present study, UDS revealed high urethral resistance without temporal 
improvement, regardless of the detrusor contractile status on UDS-2. This 
means that more hydraulic energy produced by an increase in intravesical pres-
sure is lost through the urethra, which is assumed to be a rigid tube, in patients 
undergoing RH than in normal subjects [15]. In the present study, R negatively 
correlated with urinary flow rate and voided volume, but positively correlated 
with post-void residual urine volume. That was why the efficiency of bladder 
expression is too low for the patients to stop CIC. Impaired urethral relaxation 
would be a major cause of high R after RH. In infrasacral NB, the postganglionic 
adrenergic system, which is free from regulation by the parasympathetic 
post-ganglionic neurons due to parasympathetic denervation, is responsible for 
the urethral denervation supersensitivity to noradrenalin [20]. Damage to the 
inferior hypogastric plexus may also result in increased resistance at the bladder 
neck, although the precise mechanisms are not clear [3]. Taken together, im-
paired urethral relaxation, as well as impaired detrusor contractility, profoundly 
involves emptying dysfunction after RH. Therefore, as recommended by the In-
ternational Consultation on Incontinence [11], the efficiency of bladder expres-
sion should be urodynamically evaluated before this method is selected for LUT 
management, even in the patients in whom nerve-sparing was attempted. In ad-
dition, R might be used for evaluating the efficiency of bladder expression. 

There are several limitations to the present study. This study was a retrospec-
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tive study and conducted with the patients who needed CIC at discharge. Con-
sequently, this study lacked a control group. In addition, the time required to 
perform UDS-1 and UDS-2 was not uniform, preoperative UDS was not per-
formed, and a valid questionnaire for LUT symptoms was not used. However, 
reports on long-term LUT management based on UDS findings after RH and 
thorough investigation by serial UDS are sparse [2] [3]. It is conceivable that 
UDS could be used to detect potentially dangerous situations in high-risk pa-
tients who undergo adjuvant radiotherapy and have irreversible NB with high R, 
allowing better urologic care to modify long-term LUTD and renal deteriora-
tion. 

5. Conclusion 

In conclusion, adjuvant radiotherapy highlighted LC in patients with irreversible 
NB that was defined as the need for CIC at the last follow-up. The impaired 
urethral relaxation, as well as impaired detrusor contractility, profoundly affects 
the emptying dysfunction after RH. Therefore, careful long-term neurourologi-
cal follow-up is mandatory for patients with irreversible NB after adjuvant radi-
otherapy and for patients who have impaired urethral relaxation because 
long-term survival can be expected after RH. Moreover, inefficient bladder ex-
pression should be avoided to prevent the progression of storage dysfunction, 
and CIC is recommended to accomplish low pressure, residual-free voiding, es-
pecially in patients who received adjuvant radiotherapy with irreversible NB. 
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