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Prostatic Diseases and Male Voiding
Dysfunction

s There a Correlation
etween the Presence of

diopathic Detrusor Overactivity and
he Degree of Bladder Outlet Obstruction?
i Mi Oh, Hoon Choi, Min Gu Park, Seok Ho Kang, Jun Cheon, Jae Hyun Bae,
u Geon Moon, Je Jong Kim, and Jeong Gu Lee

BJECTIVE To assess the factors associated with the presence of idiopathic detrusor overactivity (IDO) in
male patients with clinical benign prostatic hyperplasia (BPH).

ATERIALS AND
ETHODS

We prospectively evaluated 193 men who presented with lower urinary tract symptoms. Each
patient underwent urodynamic evaluation, International Prostate Symptom Score (IPSS), uro-
flowmetry, residual volume check, and transrectal ultrasound for estimation of prostate volume.
IDO was defined according to the new International Continence Society classification (2002) as
involuntary detrusor contractions during cystometry, which may be spontaneous or provoked,
regardless of amplitude. Patients were divided into groups according to the presence of detrusor
overactivity and bladder outlet obstruction index (BOOI) greater than 40. Variables associated
with the presence of IDO were analyzed using Student’s t-test, chi-square test, linear-by-linear
association test, and logistic regression analysis.

ESULTS Of 193 patients, IDO was present in 49 (25.4%). BOOI and prostate volume showed significant
but weak correlation. On univariate analysis, patients with IDO were older and showed smaller
maximal bladder capacity (MBC), higher BOOI, higher maximal detrusor pressure at maximal
flow rate, and higher irritative IPSS subscores. On logistic regression analysis, MBC and BOOI
were the factors affecting the presence of IDO, with odds ratios of 0.981 and 1.046, respectively.
Positive linear association was noted between BOOI and prevalence of DO by linear association
test with prevalence of DO rising continuously with increasing BOOI.

ONCLUSION BOO is responsible for IDO and because the prevalence of IDO is inversely associated with the
degree of obstruction, the treatment of BOO is potentially able to reverse the DO. UROLOGY

77: 167–170, 2011. © 2011 Published by Elsevier Inc.
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en with benign prostatic hyperplasia (BPH) can
have benign prostatic enlargement (BPE), blad-
der outlet obstruction (BOO), lower urinary tract

ymptoms (LUTS), or a combination of these components.1

veractive bladder (OB) is one known common cause of
UTS, and BOO combined with OB is very common.
lthough voiding symptoms are more frequently reported,

torage symptoms are more bothersome and reduce the
uality of life more substantially.2 Detrusor overactivity
DO) is one known cause of LUTS and has been linked to
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ladder storage symptoms (urgency, frequency, or urge in-
ontinence).3 The significance of DO is poorly understood
nd whether it is directly proportional to the degree of
ladder outlet obstruction remains to be determined.4 Also,
t remains controversial whether DO is caused only by age
r is also related to BOO or BPE.5,6 Recently, it has been
eported that BOO is partially responsible for DO, and
reatment of BOO is potentially able to reverse bladder wall
hanges and DO.3 This study was performed to assess the
actors associated with DO in patients with clinical BPH
n association with objective symptom parameters and
hether correlation exists between the degree of BOO and
resence of DO.

ATERIAL AND METHODS
rom April 2006 to April 2008, men with clinical BPH were

ncluded in this study. Clinical BPH was defined by LUTS, BPE
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nd/or suspicion of BOO in men aged 40 years or older.3

atients with a previous history of lower urinary tract or pelvic
urgery, radiotherapy of the pelvis, and neurological disease
ere excluded from this study. Digital rectal examination,

ransrectal ultrasound, uroflowmetry for maximal flow rate
Qmax.), postvoid residual urine volume, multichannel urody-
amic study with a pressure-flow study (MMS UD-2000; Med-

cal Measurement System, Ennschede, The Netherlands), and
nternational Prostate Symptom Score (IPSS) were assessed.
otal IPSS was further divided into irritative (questions 2, 4,
nd 7) and obstructive (questions 1, 3, 5, and 6) IPSS subscores.
etrusor overactivity was defined as involuntary detrusor con-

ractions during cystometry, which may be spontaneous or
rovoked regardless of the amplitude according to the Interna-
ional Continence Society Classification (2002).7 Urodynamic
nvestigations and evaluations were performed according to the
tandards recommended by the International Continence So-
iety.7 From the pressure-flow study, bladder outlet obstruction
ndex (BOOI) was defined as PdetQmax–2Qmax.8 Bladder
utlet obstruction (BOO) was defined as BOOI�40 and
0�BOOI�40 as equivocal and BOOI �20 as normal.

Patients were divided into groups according to the presence
f DO and BOOI and variables were analyzed with Student’s
-test, chi-square test, linear-by-linear association test, simple
orrelation analysis, and logistic regression analysis using SPSS
ersion 13 (SPSS, Inc., Chicago, IL).

ESULTS
uring filling cystometry, of 193 patients enrolled, IDO
as noted in 49 patients (25.8%) and BOO was noted in
6 patients (44.56%). General characteristics of the pa-
ients are listed in Table 1.

Patients with BOO (defined as BOOI �40) showed
igher bladder contractile index, larger postvoid residual
rine volume, higher prevalence of DO, and larger pros-
ate volume (P � .004, .026, .001, and .001, respectively)
Table 2). There was a significant but weak positive
orrelation between BOOI and prostate volume (Spear-
an rank test; 0.30, P � .001). In addition, BOOI and

ge showed significant but weak correlation (Spearman

Table 1. General characteristics of the patients

Age (years) 66.85 � 8.86
BMI (kg/cm) 24.48 � 2.81
MBC (mL) 313.41 � 95.57
Detrusor overactivity on CMG(�) 49
Pdet Qmax. (cm/H2O) 51.61 � 24.74
Qmax. (mL/s) 7.97 � 3.99
PVR (mL) 70.94 � 86.17
BOOI � 20(n) 48
20 � BOOI� 40(n) 59
40 � BOOI (n) 86
BOOI 39.43 � 26.90
IPSS 0 score 11.90 � 5.93
IPSS I score 8.12 � 4.13
IPSS total 19.95 � 8.61
Prostate volume (g) 42.63 � 24.70

Values are expressed as mean � SE.
PdetQmax, detrusor pressure at maximal flow rate; PVR,

postvoid residual urine volume; IPSS 0, obstructive subscores;
IPSS I, irritative subscores.
ank test; 0.179, P � .015) (Fig. 1). i

68
Patients with IDO were older and had lower maximal
ladder capacity, higher PdetQmax, higher BOOI, and
igher irritative IPSS subscores (Table 3). Of 49 patients
ith DO, the prevalence of DO increased with increasing
OOI (1 patient in BOOI �20, 10 patients in 20�
OOI�40, and 38 patients in 40 �BOOI. Positive linear
ssociation was noted between BOOI and prevalence of
O by linear association test, with the prevalence of DO

ising continuously with increasing BOOI (correlation
oefficient � 0.402, P � .001).

On logistic regression analysis, among all clinical and
rodynamic parameters, BOOI and maximal bladder ca-
acity were the factors associated with DO, with odd
atio of 1.046 and 0.981, respectively (Table 3).

ISCUSSION
OO combined with OB is very common.9 It has been

uggested that the main cause of BOO is BPE secondary
o BPH, which is a condition almost inevitably associated
ith aging.10 In this study, BOOI and age showed statis-

ically significant but weak correlation. Also prostate
olume and BOOI showed significant but weak correla-
ion (Fig. 1). Consequently, these results indicate that
ther undetermined factors might be responsible for the
resence of BOOI along with age and prostate volume.
he role of prostate volume in BOO has been under
ebate. Witjes et al11 previously reported that prostate
olume is a poor parameter for determining outlet ob-
truction in accordance with Jensen et al.12 However,
ther data indicate a strong correlation among LUTS,
rostate volume, and BOO than previously reported.13,14

The prevalence of IDO in this study was 25.8%, which
s quite lower than other reports because urodynamic
tudies were performed routinely and not limited to those
ho were planned for operation.
The correlation of several BPH symptom scores with

OO is still an area of controversy. Some insist that
ymptom score assessment in elderly men is influenced by
ubjective interpretation of symptoms and reflects the
ixture of diseases, which may in different ways contrib-

te to the development of BOO.10 Still, IPSS was orig-
nally formulated to define LUTS severity in patients
ith BPE and is not intended to be used as a tool to
iagnose BPH.15 Our results show that patients with IDO
how higher irritative symptom scores than patients with-
ut IDO, indicating that the presence of IDO is associ-
ted with more severe symptoms. From the study by
yman et al, men presenting with the symptoms of

rgency and urge incontinence have typically been diag-
osed with detrusor instability, showing the close rela-
ionship of storage symptoms with OB.16

The instability in males with LUTS being suggestive of
PH could result from obstruction or the aging process.
lthough logistic regression analysis revealed that BOO
as the key factor for the development of IDO, the
atients with IDO were older in univariate analysis, and

t seems that aging is also associated with development of
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DO. It has been reported that the aging process of both
exes is associated with significant alterations of bladder
unction.17 Aging also goes along with autonomic nerve
eterioration18 and significant increase of collagen fibers

Table 2. Parameters accordingto BOOI

BOOI � 40

Number of subjects 107
Age (years) 66.12 � 8.88
BMI (kg/cm) 24.94 � 2.72
MVV (mL) 323.16 � 95.99
Pdet Qmax (cm/H2O) 29.33 � 12.21
Qmax (mL/s) 9.29 � 2.45
PVR (mL) 60.73 � 76.94
Do 11/107
IPSS obstruction score 12.02 � 5.99
IPSS irritative score 8.17 � 4.23
IPSS total 20.20 � 8.78
Prostate volume (g) 35.86 � 16.82

PdetQmax, detrusor pressure at maximal flow rate; DOA, detrusor
subscores; IPSS I, irritative subscores.

igure 1. Relationship between prostate volume and BOOI.
howed weak correlation (Pearson’s R � .30, P � .001
Spearman rank test 0.179, P � .015).

Table 3. Univariate and multivariate analysis associated w

Detrusor Overactivity on

Yes

Number of subjects 49
Age (years) 68.82 � 8.47 66.
BMI (kg/cm) 23.80 � 2.64 24.
MBC (mL) 213.18 � 79.74 345.
Pdet Qmax (cm/H2O) 55.96 � 31.63 48.
Qmax (mL/s) 7.43 � 3.35 8.
PVR (mL) 70.20 � 90.10 70.
BOOI 61.25 � 24.25 31.
IPSS 0 score 11.39 � 6.52 12.
IPSS I score 9.63 � 4.28 7.
IPSS total 20.76 � 8.61 19.
Prostate volume (g) 42.57 � 24.77 41.

PdetQmax, detrusor pressure at maximal flow rate; PVR, postvoid
subscores.
n the submucosa and around the neurovascular bundles m

ROLOGY 77 (1), 2011
hat may also directly have consequences for IDO.
maller MBC and higher irritative IPSS subscores may be
ither the cause or the result of IDO.

The relationship of BOO and DO has been docu-

BOOI � 40 P Value

86
67.79 � 8.47 .198
23.82 � 2.95 .051

310.88 � 93.24 .406
56.27 � 22.63 .001
6.29 � 3.29 .001

89.62 � 96.45 .026
38/86 .001

11.95 � 5.86 .950
8.07 � 4.03 .897

19.95 � 8.39 .876
50.87 � 30.53 .001

activity; PVR, postvoid residual urine volume; IPSS 0, obstructive

ith increasing BOO, prostate volume increased as well but
) BOOI and age showed significant but weak correlation

resence of detrusor overactivity

LRA

P Value P Value Odds Ratio

9.23 .033 .167
2.85 .795
77.53 .001 .001 0.979
21.91 .048 .381
4.34 .204
65.29 .971
22.63 .016 .040 1.063
5.75 .593
4.05 .042 .691
8.73 .542
24.40 .762

ual urine volume; IPSS 0, obstructive subscores; IPSS I, irritative
over
(A) W
). (B
ith p

CMG

NO

144
13 �
59 �
84 �
04 �
31 �
72 �
36 �
03 �
69 �
70 �
29 �
ented in numerous reports; the prevalence of detrusor
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veractivity according to the degree of bladder outlet
bstruction has rarely been reported. In our study, there
as an increasing probability of IDO with increasing
OOI, confirming a recent report by Oelke et al. They
emonstrated that with increasing BOO grade, there was
n increasing probability of DO and tendency toward an
arlier appearance and higher amplitude of DO.3 By
ontrast, Knutson et al reported that higher age was the
n independent risk factor for coexisting IDO in BOO
long with higher grade of obstruction in men.9 Because a
ositive correlation was reported between BOO grade and
etrusor wall thickness,19 it is logical that the probability of
etrusor overactivity shows positive correlation with
OO grade as well. Because BOO is responsible for IDO
nd because the prevalence of IDO is related to the
egree of obstruction, the treatment of BOO is poten-
ially able to reverse the DO, as Oelke et al implicated.3

Several hypotheses have been proposed for the pres-
nce of IDO in association with BOO. A larger and more
everely obstructed prostate gives rise to more pro-
ounced changes in the central nervous control mecha-
isms as well as possibly more directly affecting the
eripheral innervations of the bladder.20 In a hypothesis
y Levin et al, the partial BOO leads to bladder hyper-
rophy, which causes cyclic ischemia/hypoxia, with gen-
ration of free radicals and disruption of calcium ho-
eostasis, resulting in specific damage to neuronal
embranes, sarcoplasmic reticulum, and mitochondria in

he cell, with overactive bladder as a result.21 Also, in
uman studies, significant connective tissue infiltration
nd hypertrophy of the detrusor muscle are reported.22

icroscopic investigations of the detrusor muscle re-
ealed abnormal intercellular connections that seem to
e responsible for the propagation of spontaneous depo-
arization of detrusor cells leading to synchronous invol-
ntary contractions of detrusor regions.23

ONCLUSION
long with the aging process, BOO is the factor associ-

ted with IDO. Because BOO is responsible for IDO, and
he prevalence of IDO is related to the degree of obstruc-
ion, the treatment of BOO is potentially able to reverse
he DO, as Oelke et al implicated.3 Furthermore, the
ssessment of BOO is more crucial in deciding operative
reatment in patients with LUTS and suspected DO
ather than prostate volume per se.
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