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Purpose: Overactive bladder (OAB) is observed in women with functional bladder outlet obstruction (FBOO), as are lower
urinary tract symptoms (LUTS). Therefore, we evaluated the urodynamic characteristics of women with storage LUTS and
FBOO diagnosed by urodynamic studies (UDS).

Methods: Women (n=108) with storage LUTS and FBOO diagnosed by UDS were included in this study. The urodynamic
characteristics of women with FBOO were compared with those of women with OAB (n = 34) and stress urinary incontinence
(SUL n=78). FBOO was defined as a maximum flow rate (Qmax) < 15 mL/sec, combined with detrusor pressure at a Qmax
(PdetQmax) > 20 cm H,O in a pressure-flow study. The UDS included uroflowmetry, postvoid residual volume determina-
tion, a cystometrogram, and a pressure-flow study.

Results: Women with FBOO who had storage symptoms showed a higher PdetQmax and maximum urethral closing pres-
sure (MUCP) than women with OAB and SUL Interstitial cystitis/bladder pain syndrome (IC/BPS) was observed in 17.6% of
women with FBOO. MUCP was significantly higher in women with BOO than in women with BOO and IC/BPS
(115.6+27.4 and 96.6 £ 14.1 cm H,O, P=0.00). The receiver operating characteristic curve analysis showed that the cutoff val-
ues of MUCP in women with FBOO compared to women with OAB and SUI were 87 cm H,O (sensitivity = 81.5%, specifici-
ty=73.5%) and 36 cm H,O (sensitivity = 92.6%, specificity =84.4%), respectively. The cutoff value of MUCP in women with

FBOO compared to women with FBOO and IC/BPS was 92 cm H,O (sensitivity = 85.4%, specificity = 78.9%).
Conclusions: MUCP could have predictive value for identifying FBOO in women with complex LUTS.
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INTRODUCTION

Lower urinary tract symptoms (LUTS) represent a common
condition associated with diminished quality of life, and more
than half of men and women experience some kind of LUTS in

their lifetime. In general, the typical symptoms of overactive
bladder (OAB) and urinary incontinence (UI) are storage
symptoms, and OAB and UI are considered to be more preva-
lent in women than in men. However, women also experience
voiding symptoms such as a weak urinary stream, intermitten-
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cy, and terminal dribbling [1,2]. Therefore, women complain-
ing of voiding symptoms can be diagnosed with female voiding
dysfunction (FVD), such as bladder outlet obstruction (BOO)
and detrusor underactivity [3,4]. Moreover, previous studies
have reported that some women experience both storage and
voiding symptoms at the same time. Irwin et al. [1] reported
that 8% of women showed both storage and voiding symptoms.
Other researchers also showed that 14.5% of women experi-
enced storage and voiding symptoms and, interestingly, women
with voiding symptoms were likely to experience storage and
postmicturition symptoms. The reason why women present
with complex symptoms such as storage and voiding LUTS is
that various conditions such as OAB, Ul, and FVD often coex-
ist and symptoms of OAB can exist secondary to BOO [5].
Thus, there is a need for research on FVD associated with BOO
in women with storage symptoms.

Clinically, some women with storage LUTS also have BOO;
therefore, OAB treatment fails in these women. According to a
study where urodynamic studies (UDS) were performed in
women with refractory OAB, BOO was observed in 27% of
women and detrusor overactivity (DO) was observed in 38.7%.
BOO was associated with the severity of frequent micturition,
nocturia, and a weak urinary stream. Multivariate analysis
showed that the severity of frequent micturition was a predictor
of BOO [6]. These findings indicate that not all women com-
plaining of symptoms of OAB are real OAB patients and that
storage symptoms such as frequency and nocturia can be com-
mon LUTS in women with BOO. As a result, women with
BOO can be misdiagnosed with OAB, and it is necessary to
perform UDS to identify BOO in women.

For women with OAB, UDS is not recommended when con-
sidering behavioral and medical treatment [7]. However, a lon-
gitudinal prospective follow-up study by Verghese et al. [8] re-
ported improved therapeutic outcomes in women with OAB
symptoms or urgency-predominant mixed UT after they re-
ceived urodynamic-based treatment. Women with urgency-
predominant mixed UI showed better outcomes than women
with OAB symptoms and DO. These results demonstrated that
UDS-based treatment decisions help to reduce symptoms and
that UDS plays an important role in women with complex
symptoms.

There are few studies about the urodynamic characteristics of
female BOO patients who are initially diagnosed with OAB
based on their symptoms; therefore, we analyzed urodynamic
parameters in women with functional BOO and investigated
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differences compared with women with OAB and with stress
urinary incontinence (SUI).

MATERIALS AND METHODS

This retrospective study (from January 2015 to December
2017) included 108 women (over 20 years old and without any
underlying conditions that would influence LUTS) with storage
LUTS and functional BOO diagnosed by UDS. All women
were initially diagnosed with OAB; however, OAB treatment
failed. Therefore, they received UDS for a functional evaluation.
Seventy-eight women with SUI included in this study were di-
agnosed by a clinical history, physical examination, and UDS.
Thirty-four women with OAB who underwent UDS were in-
cluded. The diagnostic criteria of female BOO were as follows:
maximum flow rate (Qmax) < 15 mL/s, combined with detru-
sor pressure at Qmax (PdetQmax) > 20 cm H,O in a pressure-
flow study. The exclusion criteria were as follows: neurological
deficiency; anatomical cause of obstruction; previous pelvic,
spinal, or anti-incontinence surgery; intake of drugs affecting
voiding; urinary tract infection; and systemic disease (diabetes,
hypothyroidism). All patients underwent assessments, includ-
ing a detailed urogynecological history, a physical examination,
urinalysis, urine culture, and multichannel UDS unless the pa-
tient responded to anticholinergic treatment. The urodynamic
study included uroflowmetry, postvoid residual volume (PVR)
determination, a cystometrogram, and a pressure-flow study.
The urodynamic techniques and measurements, terms, and di-
agnostic criteria conformed to the recommendations of the In-
ternational Continence Society [9].

Statistical analyses were performed using IBM SPSS Statistics
ver. 23.0 (IBM Co., Armonk, NY, USA). Analysis of variance
was used to determine if significant differences were present
among women with OAB, BOO, and SUI, and the Tukey test
was used to determine which groups had significant differences
from each other. Additionally, receiver operating characteristic
(ROC) analysis was conducted to analyze the parameters that
we measured as diagnostic tools. A 5% level of significance was
used for all statistical tests.

RESULTS

Urodynamic Findings of Women With OAB Versus BOO
Versus SUI

The Qmax, voided volume, and PVR were significantly differ-
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Table 1. Urodynamic parameters in women with OAB, FBOO, and SUI

P-value
Parameter oA . FBOu OABvs.FBOO ~ FBOOvs. FBOOvs.
(n=34) (n=78) (n=108)
vs. SUL OAB SUI
Uroflowmetry
Qmax (mL/sec) 17.8£10.0 19.8+£8.5 11.7+£6.3 0.00 0.00 0.00
Voided volume (mL) 219.2+133.5 248.2+109.8 1549+111.1 0.01 - 0.00
PVR (mL) 13.8+17.1 14.3+18.1 47.6+84.3 0.00 0.02 0.00
UDS
MCC (mL) 399.3+258 387.2+51.7 335.3+89.9 0.00 0.00 0.00
Qmax (mL/sec) 17.6+7.6 19.6+6.5 10.0x6.1 - 0.00 0.00
Pdetopen (mL/sec) 20.9+8.9 17.0+7.8 37.1+£26.6 0.00 0.00
PdetQmax 23.6+8.4 18.8+7.9 39.5+£24.0 0.00 0.00 0.00
MUCP (cm H,O) 76.2+24.0 30.2+7.3 105.0£39.2 0.00 0.00 0.00
BOOI -11.6+17.2 -204£17.0 20.6+£27.9 0.00 0.00 0.00
BCI 115.0+£344 116.8+31.2 93.6+£32.8 0.00 0.00 0.00

Values are presented as mean + standard deviation.

OAB, overactive bladder; FBOO, functional bladder outlet obstruction; SUI, stress urinary incontinence; UDS, urodynamic study; Qmax, maxi-
mum flow rate by uroflowmetry; PVR, postvoid residual volume; UDS, urodynamic study; MCC, maximum cystometric capacity; Pdetopen, detru-
sor opening pressure; PdetQmax, detrusor pressure at maximum flow rate; MUCP, maximum urethral closing pressure; BOOIL, bladder outlet ob-

struction index; BCI, bladder contractility index.

ent in women with OAB, FBOO, and SUIL According to UDS,
the maximum cystometric capacity (MCC), PdetQmax, and
maximum urethral closure pressure (MUCP) were significantly
different among the 3 groups. The bladder contractility index
and BOO index were also significantly different (Table 1). DO
was noted in 35.2% (38 of 108) of women with FBOO, but not
in the women with OAB.

Comparison of Urodynamic Findings Between Women
With BOO and Women With OAB

A significantly lower Qmax and a higher PVR according to uro-
flowmetry were observed in women with FBOO than in women
with OAB. According to UDS, the MCC of women with FBOO
was significantly lower than that of women with OAB. More-
over, a significantly lower Qmax was noted in women with FBOO
than in women with OAB. The urethral opening pressure (Pdeto-
pen), PdetQmax, and MUCP were significantly higher in wom-
en with FBOO than in women with OAB (Table 1).

Comparison of Urodynamic Findings Between Women
With BOO and Women With SUI

A significantly lower Qmax, a lower voided volume, and a
higher PVR according to uroflowmetry were observed in wom-
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en with FBOO than in women with SUIL According to UDS,
the MCC of women with FBOO was significantly lower than
that of women with SUI. Moreover, a significantly lower Qmax
was noted in women with FBOO than in women with SUI The
Pdetopen, PdetQmax, and MUCP were significantly higher in
women with FBOO than in women with SUT (Table 1).

Subanalysis of Urodynamic Findings in Women With FBOO
Eighty-nine of 108 women (82.4%) showed only FBOO, and
19 women (17.6%) showed both FBOO and interstitial cystitis/
bladder pain syndrome (IC/BPS). Thirty-eight of 89 women
(42.7%) with FBOO only showed DO. The voided volume and
PVR according to uroflowmetry in women with FBOO only
were significantly higher than those in women with FBOO and
IC/BPS (Table 2). Moreover, a significantly higher MUCP was
observed in women with FBOO only than in women with both
FBOO and IC/BPS. However, the MCC was significantly lower
in women with FBOO and IC/BPS than in women with FBOO
only. DO was only noted in women with FBOO only. The ROC
analysis between women with FBOO only and women with
FBOO and IC/BPS demonstrated that the area under the curve
(AUC) of PdetQmax was 0.638 (95% confidence interval [CI],
0.503-0.773; P=0.067).
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Table 2. Urodynamic parameters in women with FBOO only and both FBOO and IC/BPS

Parameter FBOO only (n=89) FBOO and IC/BPS (n=19) P-value
Uroflowmetry
Qmax (mL/sec) 11.6+£6.2 104+1.8 0.75
Voided volume (mL) 172.3+106.6 133.5+58.7 0.00*
PVR (mL) 33.7+62.7 24.4+20.5 0.01%
UDS
MCC (mL) 344.9+91.0 301.6+77.8 0.01*
Qmax (mL/sec) 9.9+5.9 7.7+£2.8 0.73
Pdetopen 38.5+£28.0 24.6+10.0 0.61
PdetQmax 41.4+252 254+83 0.16
MUCP (cmH,0) 115.6+27.4 96.6+14.1 0.00*
BOOI 22.5+29.3 11.1+£9.2 0.35
BCI 95.6+32.1 71.0+17.4 0.83

Values are presented as mean + standard deviation.

FBOO, functional bladder outlet obstruction; IC/BPS, interstitial cystitis/bladder pain syndrome; Qmax, maximum flow rate by uroflowmetry;
PVR, postvoid residual volume; UDS, urodynamic study; MCC, maximum cystometric capacity; Pdetopen, detrusor opening pressure; PdetQmax,
detrusor pressure at maximum flow rate; MUCP, maximum urethral closing pressure; BOOI, bladder outlet obstruction index; BCI, bladder con-

tractility index.
*P <0.05, women with FBOO only vs. FBOO and BPS.
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Fig. 1. The receiver operating characteristic curve analysis of MUCP in the women with FBOO versus those with OAB (A), women
with FBOO versus those with SUT (B), and women with FBOO only versus those with both FBOO and IC/BPS (C). The area under
the curve of MUCP in women with FBOO versus those with OAB was 0.786. The area under the curve of MUCP in women with
FBOO versus those with SUI was 0.924. The area under curve of MUCP in women with FBOO only versus those with both FBOO
and IC/BPS was 0.864. Blue line; MUCP, green line; reference line. MUCP, maximum urethral closure pressure; FBOO, functional
bladder outlet obstruction; OAB, overactive bladder; IC/BPS, interstitial cystitis/bladder pain syndrome.

Potential Value of MUCP for Predicting FBOO

The ROC analysis between women with FBOO and women
with OAB demonstrated that the AUC of MUCP was 0.786
(95% CI, 0.698-0.873; P=0.000) (Fig. 1A). The AUC of MUCP
in women with FBOO compared with women who had SUI
was 0.924 (95% CI, 0.871-0.977; P=0.000) (Fig. 1B). The AUC
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of MUCP in women with FBOO only compared with women
who had both FBOO and IC/BPS was 0.864 (95% CI, 0.770-
0.958; P=0.000) (Fig. 1C). Considering specificity, the cutoft
values of FBOO relative to OAB and SUI were 87 cm H,O and
36 cm H,O, respectively. The cutoft value of FBOO only relative
to both BOO and BPS was 92 cm H,O (Table 3).
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Table 3. Recommendation of the cutoff values of MUCP by
ROC analysis

MUCP (cm H;O) Sensitivity ~ Specificity AUC
FBOO vs. OAB 0.786
80.5 86.1 55.9
85.5 82.4 73.5
87.0* 81.5 73.5
90.5 75.0 76.5
FBOO vs. SUI 0.924
30.5 92.6 442
345 92.6 79.2
36.0% 92.6 84.4
38.5 92.6 90.9
FBOO only vs. FBOO 0.864
and IC/BPS
89.5 86.5 63.2
90.5 85.4 73.7
92.0* 85.4 78.9
100.5 68.5 78.9

MUCP, maximum closure pressure; ROC, receiver operating charac-
teristics; AUC, area under the ROC curve; FBOO, functional bladder
outlet obstruction; OAB, overactive bladder; SUI, stress urinary incon-
tinence; IC/BPS, interstitial cystitis/bladder pain syndrome.
*Recommended cutoff value.

DISCUSSION

In this study, women with OAB symptoms and FBOO who
were diagnosed by UDS showed a low Qmax, a lower voiding
volume, and a higher PVR than women with SUI or women
with OAB. Women with storage symptoms and FBOO showed
typical urodynamic findings of BOO, such as an increased Pde-
tQmax and MUCP. The lower MCC and DO observed in
women with FBOO were secondary changes in bladder func-
tion induced by BOO. Therefore, these findings induce storage
symptoms. Interestingly, 17.6% of women with FBOO experi-
enced IC/BPS at the same time. Women with FBOO exhibited
a higher MUCP than women with FBOO and IC/BPS. In addi-
tion, DO was only noted in women with FBOO only. However,
women with both FBOO and IC/BPS had a lower MCC than
women with FBOO. However, the PdetQmax exhibited low
predictive value for differentiating women with both IC/BPS
and FBOO from women with FBOO only. Based on these re-
sults, for the first time, we suggest MUCP as a potential bio-
marker for establishing the underlying cause in women who do
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not respond to symptom-based treatment.

The prevalence of BOO in women has been reported from
2.7% to 23% and is caused by pelvic organ prolapse, urethral
stricture, anti-incontinence surgery, FBOO, and dysfunctional
voiding [10-14]. Studies on female BOO are not sufficient com-
pared with studies on men with BOO associated with benign
prostatic hyperplasia. However, some studies have investigated
the diagnosis and treatment of female BOO. Choi et al. [14]
found that 12.8% of women who visited urologic clinics due to
LUTS were diagnosed with female BOO. Their most common
LUTS was incomplete bladder emptying, and the second most
common symptom was frequency. Moreover, most women
with BOO showed both storage and voiding symptoms rather
than complaining of isolated voiding or storage symptoms
[10,11]. Similar to these results, the total International Prostate
Symptoms Score, the voiding subscore, and the storage sub-
score were not significantly different between women with
BOO and OAB [15]. Symptoms of OAB are sometimes not re-
liable for diagnosis in women with LUTS [16-18]. Therefore, a
detailed evaluation of LUTS and UDS is important to avoid
overlooking BOO in women who report OAB symptoms.

Compared with those of OAB and SUT patients, the charac-
teristic findings of UDS in women with FBOO in the present
study were a lower MCC, a lower DO, and a higher MUCP. The
lower MCC and DO observed in women with FBOO are fac-
tors that induce OAB symptoms. Several studies have demon-
strated that a decreased MCC contributes to inducing storage
symptoms. FitzGerald et al. [19] and Sekido et al. [20] observed
that frequency and UI were associated with a lower MCC in
women with OAB. In addition, Cho et al. [14] found a lower
MCC in women with BOO, similar to the results of the present
study. Although few studies have investigated DO in women
with BOO, 2 previous studies showed that DO was observed in
12.6% and 49.9% of women with BOO, respectively [6,16]. In
the present study, DO was noted in 35.2% of women with
FBOO. DO is associated with urgency and urge UI as well as
symptom severity [6,15]. Therefore, women with DO induced
by BOO are likely to experience OAB symptoms. In general,
the diagnostic role of MUCP is considered low, and no studies
have assessed the value of MUCP for predicting female BOO.
We noted that MUCP in women with SUI (30.2+7.3 cm H,O)
was similar to that in previous reports by Weber (women with
SUI: 39.4 +24 cm H,0) [21]. Moreover, MUCP in women with
FBOO was significantly higher than that in women with OAB
and SUT; therefore, MUCP might have diagnostic value. Al-
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though PdetQmax has diagnostic value for discriminating
BOO in women, some patients cannot complete the pressure-
flow study due to emotional distress. Thus, MUCP may help to
diagnose BOO in women who cannot urinate during a pres-
sure-flow study [22].

Interestingly, 19% of women with FBOO had IC/BPS, and
this is the first report of IC/BPS found in women with FBOO.
In contrast, some investigators have analyzed the urodynamic
characteristics of women with BOO and IC/BPS. Cameron and
Gajewski [23] observed that 48.1% of women with IC/BPS had
BOO according to a pressure-flow study, and others reported
that 60.1% of women with IC/BPS showed symptoms of blad-
der outlet dysfunction, such as dysfunctional voiding, poor re-
laxation of the external urethral sphincter, and bladder neck
dysfunction, according to a video urodynamic study [24]. In
addition, their IC/BPS patients with BOO showed a lower blad-
der capacity, a smaller voided volume, a larger PVR, a higher
PdetQmax, and a lower Qmax than IC/BPS women without
BOO. Similar to these previous findings, women with FBOO
and IC/BPS in the current study showed a lower voided volume
and bladder capacity than women with FBOO only. However, a
lower MUCP was observed in women with FBOO and IC/BPS
than in women with FBOO only. Moreover, the Qmax and
PdetQmax were not significantly different. From these results,
we infer that the decreased bladder capacity in women with
FBOO and IC/BPS was associated with pain in comparison
with women with FBOO only. The lower MUCP in the women
with FBOO and IC/BPS might have also been influenced by
IC/BPS. There have not been enough studies defining the un-
derlying mechanism of the coexistence of BOO and IC/BPS;
however, some researchers have proposed possible hypotheses
such as pelvic floor hypertonicity. Pelvic floor spasms and im-
pairments in pelvic muscle relaxation have been observed in
both BOO and IC/BPS [25,26].

Women with FBOO had significantly different MUCP values
from those in women with OAB and SUI. Moreover, a signifi-
cant difference in MUCP was noted between women with
FBOO only and women with FBOO and IC/BPS. Therefore,
MUCP might be a potential biomarker for FBOO in women
with OAB symptoms. From these results, we suggest a cutoff
value of MUCP for the prediction of FBOO. In OAB women,
an MUCP > 87 cm H,O might be a predictor of FBOO, and in
women with SUL an MUCP >36 cm H,O might be a predictor
of FBOO. Since PdetQmax had poor predictive value for the
differentiation of women with FBOO and IC/BPS from women
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with FBOO without IC/BPS, an MUCP 292 cm H,O might be
a predictor for FBOO in women with FBOO and IC/BPS. Al-
though we found a possible role for MUCP as a prediction tool,
there are limitations to the general application of our suggested
cutoff value of MUCP because the current definition of FBOO
is diverse among clinicians. However, MUCP could help to
identify FBOO in women with complex LUTS.

In conclusion, women with storage symptoms and FBOO
showed different urodynamic findings compared with women
with OAB and women with SUIL Moreover, some women si-
multaneously had FBOO and IC/BPS. Therefore, special inter-
est in patients who complain of LUTS is necessary because
LUTS is associated with various underlying conditions, and
UDS should be performed in patients in whom OAB medica-
tion fails. For the first time, we reported that MUCP could have
predictive value for identifying FBOO in women with complex
LUTS.
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