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REFINING DIAGNOSIS OF ANATOMIC FEMALE BLADDER
OUTLET OBSTRUCTION: COMPARISON OF PRESSURE-

FLOW STUDY PARAMETERS IN CLINICALLY OBSTRUCTED
WOMEN WITH THOSE OF NORMAL CONTROLS

GINA A. DEFREITAS, PHILIPPE E. ZIMMERN, GARY E. LEMACK, AND SHAROKH F. SHARIAT

ABSTRACT

bjectives. To improve the definition of pressure-flow study cutoff values for anatomic female bladder
utlet obstruction (BOO) by comparing these parameters in women with clinical obstruction with those of
ormal controls.
ethods. In the past 3 years, 82 consecutive women with clinical anatomic BOO were investigated

ccording to an institutional review board-approved protocol that included imaging and urodynamic studies.
he data from these women were then added to those of our previously published cohort of 87 patients. The
ontrols were 20 female volunteers without any urologic complaints and without a history of bladder or
rethral surgery who had undergone a urodynamic study. Three groups of women with BOO were identified
n the most recent cohort: 20 with Stage III-IV cystocele, 23 who had undergone previous anti-incontinence
urgery, and 39 with distal periurethral fibrosis or stricture. The optimal combination of the maximal flow
ate (Qmax) and detrusor pressure at maximal flow rate (PdetQmax) for determining BOO was calculated
sing nonparametric receiver operating characteristic curves for the entire cohort of 169 women with
bstruction.
esults. Age, Qmax, and PdetQmax were similar among the three BOO groups. The area under the receiver
perating characteristic curve for BOO was 0.762 for Qmax (95% confidence interval 0.661 to 0.864, P
0.001) and 0.721 for PdetQmax (95% confidence interval 0.617 to 0.824, P �0.001). After adjusting for

he effect of age, PdetQmax (P �0.001) and Qmax (P �0.011) were independently associated with BOO.
onclusions. After adjusting for age and using normal controls rather than an incontinent control popula-
ion, we present pressure-flow study cutoff values to aid in the urodynamic study diagnosis of women with
natomic BOO. UROLOGY 64: 675–681, 2004. © 2004 Elsevier Inc.
p
T
r
i
m

s
(
c
(
fl
c
w
w
w
w

espite the attention it has recently received in
urologic published reports, female bladder

utlet obstruction (BOO) continues to be an elu-
ive and controversial entity. Opinions vary as to
he best way to diagnose this condition, and, if
rodynamic studies (UDSs) are considered, what
ressure-flow values are most suggestive of ob-
truction. One of the reasons underlying this di-
emma is that normal pressure-flow study (PFS)
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arameters for women have not been well defined.
o our knowledge, no study has yet compared flow
ates and voiding pressures in women who are clin-
cally obstructed with those of strictly defined nor-

al controls.
In 1998 and 2000, our institution published

tudies in which receiver operating characteristic
ROC) curves were used to calculate the optimal
ombination of the maximal urinary flow rate
Qmax) and detrusor pressure at maximal urinary
ow rate (PdetQmax) for women who had a clini-
al diagnosis of BOO.1,2 These studies included
omen with lower urinary tract symptoms (LUTS)
ho were not thought to be clinically obstructed or
omen with stress urinary incontinence (SUI)
ho had no history of bladder or urethral surgery
s the control population. Recent data, however,

0090-4295/04/$30.00
doi:10.1016/j.urology.2004.04.089 675
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ave suggested that the pressure-flow parameters
iffer significantly between asymptomatic, uro-

ogically normal women and those with SUI.3 To
onfirm this, and to identify the optimal cutoff
oint of Qmax and PdetQmax for detecting women
ith clinical BOO, we performed ROC curve cal-

ulations using an updated cohort of 169 clinically
bstructed women with 20 normal female volun-
eers as the controls. The urodynamic parameters
ere compared among women with BOO, women
ith SUI, and normal female controls to determine
hether any of these findings were predictive of

natomic BOO.

MATERIAL AND METHODS

The institutional review board approved this open-label
rospective study, and all women provided informed consent
efore the study. Our analysis included 169 consecutive
omen with clinically diagnosed obstruction who were seen

n the urology clinic for LUTS and who had undergone mul-
ichannel UDSs at our institution between March 2000 and
ebruary 2003. Of these 169 women, 87 had been a part of a
revious study.2 All women had BOO as determined by the
resence of obstructive and/or irritative LUTS; a history of
rethral or bladder neck surgery; a pelvic examination reveal-

ng urethral hyper-elevation or Stage 3 or 4 anterior vaginal
all prolapse; standing voiding cystourethrography showing
eviation of the urethra or urethrovesical angle from its nor-
al course (urethral kinking) or a narrow-caliber distal ure-

hra with proximal widening or distension (urethral narrow-
ng) on lateral voiding films; and/or endorectal coil magnetic
esonance imaging demonstrating periurethral fibrosis and/or
n obstructing urethral diverticulum.4 We excluded women
ith a neurologic condition that could affect bladder function,
omen who had a bladder capacity of less than 100 mL,
omen who voided with abdominal straining greater than 10

m H2O, women who failed to relax the pelvic floor or urethral
phincter during voiding as determined by patch electrode
lectromyographic testing, and women who were unable to
oid for the PFS.

All patients underwent UDS testing according to a “two fill
nd void” protocol using the Laborie Aquarius XLT system
Laborie Medical Technologies, Toronto, Canada) in which
he filling and voiding phases were repeated after the initial
tudy during the same UDS session, and which has been pre-
iously described.2 A 6F double-lumen catheter was used for
lling and bladder pressure measurement. Because women
ith prolapse underwent UDS testing with and without the
rolapse reduced, the PFS obtained without prolapse reduc-
ion was used in our calculations. When two PFSs were ob-
ained under identical conditions, the study with the greatest
max was used for analysis. The data were extracted manually

rom the UDS tracing rather than relying on computer read-
ngs. All UDS definitions were in accordance with the Interna-
ional Incontinence Society guidelines.5

We also studied 124 patients with SUI and 20 healthy fe-
ale volunteers. The volunteers were recruited from the com-
unity.3 None of them had LUTS, as assessed by the UDI-6

uestionnaire,6 or a history of bladder or urethral surgery.
hese normal women underwent a “two fill and void” UDS
onducted in exactly the same manner as for the BOO cohort.
he SUI cohort consisted of 124 consecutive women who pre-
ented to the clinic with incontinence as their primary com-
laint and who underwent a UDS identical to that of the BOO

nd control groups. The patients with SUI were excluded from 9

76
nalysis if they had a history of anti-incontinence surgery,
bstructive voiding symptoms, cystocele, or urethral patho-
ogic findings on physical examination or standing lateral
oiding cystourethrography.

TATISTICAL ANALYSIS
Differences in the continuous variables across the categori-

al variables were assessed using the Mann-Whitney U test or
he Kruskal-Wallis nonparametric analysis of variance. The
orrelation among the continuous variables was examined us-
ng the Spearman correlation coefficient. Discordances be-
ween two related dichotomous variables were tested using the
onparametric McNemar test. Nonparametric ROC curves in
hich sensitivity is plotted against the false-positive rate (1 �

pecificity) were generated. Areas under the curve (AUCs)
ere compared using nonparametric Mann-Whitney U tests.
ogistic multivariate regression analysis was used to calculate
he odds ratios with 95% confidence intervals (CIs) to account
or any dependency that might exist among Qmax, PdetQmax,
nd age. Qmax and PdetQmax had a skewed distribution and,
herefore, were modeled with natural (base e) logarithmic
ransformation of series values. Statistical significance was set
t P �0.05, and all reported P values were two-sided. All anal-
ses were performed with Statistical Package for Social Sci-
nces, version 11.0.

RESULTS

OMPARISON OF PATIENTS WITH BOO, SUI, AND

ONTROLS

Table I shows the characteristics of all three
roups. Of the 169 clinically obstructed women,
3 had high-stage anterior vaginal wall prolapse,
8 had a history of anti-incontinence surgery, and
8 had distal urethral obstruction/periurethral fi-
rosis documented on standing lateral voiding cys-
ourethrography and endorectal coil urethral mag-
etic resonance imaging.3 The patients with BOO
ere significantly older, had a significantly lower
max, and had a significantly greater PdetQmax

han did controls (P �0.001, P �0.001, and P
0.001, respectively), regardless of the etiology of

he obstruction. Similarly, obstructed patients had
lower Qmax and greater PdetQmax than did the
atients with SUI (P �0.001 and P �0.001, respec-
ively). The voided volume was lower in the whole
OO cohort compared with that of controls and in
omen with prolapse (P �0.02 and P �0.001, re-

pectively). Although the Qmax was lower in the
ontrol subjects than in the patients with SUI (P
0.017), the PdetQmax was not significantly dif-

erent statistically. Figure 1 shows the distribution
f Qmax and PdetQmax according to the clinical
iagnosis.

VERALL DIAGNOSTIC PERFORMANCE OF QMAX AND

DETQMAX FOR THE DETECTION OF BOO
The ability of Qmax and PdetQmax to detect

OO was analyzed using nonparametric ROC
urves. Qmax (AUC � 0.762, 95% CI 0.661 to
.864, P �0.001) and PdetQmax (AUC � 0.721,

5% CI 0.617 to 0.824, P �0.001) were more ac-

UROLOGY 64 (4), 2004
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urate than flipping a coin (null hypothesis AUC �
.5) for the detection of BOO. In a multivariate
ogistic regression analysis, greater PdetQmax
odds ratio [OR] 5.526, 95% CI 2.046 to 14.926, P
0.001) and lower Qmax (OR 0.157, 95% CI

.038 to 0.649, P �0.001) were associated with an

IGURE 1. Box plot distribution of Qmax and
detQmax according to clinical diagnosis (median,
uartiles, and outliers).

TABLE I. Popula

haracteristic
Patients

(n)
Age*
(yr)

symptomatic controls 20 42 � 7
bstructed patients 169 60 � 15
Prolapse 53 68 � 11
Previous surgery 48 60 � 12
Urethral stricture 68 49 � 15

UI 124 NA
values
Controls vs. obstructed — �0.001‡

Controls vs. prolapse — �0.001‡

Controls vs. previous surgery — �0.001‡

Controls vs. urethral stricture — 0.034‡

Controls vs. SUI — NA
Obstructed vs. SUI — NA

EY: Qmax � maximal urinary flow rate; PdetQmax � detrusor pressure at Qmax;
ata presented as mean � SD, unless otherwise noted; data in parentheses are rang
Age unavailable in 22 obstructed patients.
Median values reported because parameter did not have normal distribution.
Independent t test.
Mann-Whitney U test.
ncreased risk of BOO after adjusting for the effects a

ROLOGY 64 (4), 2004
f age (OR 1.104, 95% CI 1.049 to 1.162, P
0.001).

ELECTION OF QMAX AND PDETQMAX CUTOFF POINTS

OR DETECTION OF BOO
The sensitivity, specificity, and positive and
egative predictive values for the detection of
OO were calculated for the Qmax and
detQmax cutoff values. The resulting matrix of
utoff values and the corresponding percentages
f sensitivity, specificity, and accuracy were
lotted to represent the three observed parame-
ers within a specific range of PdetQmax and
max cutoff intervals. The PdetQmax level with
specificity of at least 60% and the greatest sen-

itivity for the detection of BOO was 25 cm H2O.
his value was close to the point of equivalence
intersection of sensitivity and specificity
urves) for detection of BOO. The Qmax cutoff
oint resulting in equal sensitivity, specificity,
nd accuracy (68%) for predicting BOO was
lose to 12 mL/s (Fig. 2). The PFS test results
ere combined into two categories: both Qmax

nd PdetQmax normal and either Qmax or
detQmax abnormal.

SSOCIATION OF COMBINED PDETQMAX AND QMAX

ARIABLES WITH BOO
PdetQmax25/Qmax10 and PdetQmax25/Qmax12
ere combined into three categories: both abnor-
al, one abnormal, and both normal. Multivariate

nalyses demonstrated that the combined variables
ere statistically significantly associated with BOO

characteristics

ian Qmax†

(mL/s)

Median
PdetQmax†

(cm H2O)
Volume Voided

(mL)

6 (8–31) 24 (6–38) 330 � 110
0 (1–34) 34 (5–116) 259 � 142
9 (1–28) 32 (7–76) 197 � 108
0 (2–29) 33 (5–80) 273 � 174
2 (2–34) 37 (10–116) 283 � 131
1 (3–50) 20 (7–60) NA

0.001§ �0.001§ 0.020‡

0.001§ 0.021§ �0.001‡

0.001§ 0.007§ 0.203‡

0.002§ �0.001§ 0.153‡

0.017§ 0.245§ NA
0.001§ �0.001§ NA

stress urinary incontinence; NA � not available.
tion

Med

1
1

1
1
2

�
�
�

�

SUI �
es.
fter adjusting for age (Table II). Patients could be
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tratified into low, intermediate, and high-risk
roups for having BOO on the basis of the com-
ined status of the PFS parameters for both
detQmax25/Qmax10 and PdetQmax25/Qmax12.

COMMENT

BOO is rarer in women than it is in men, with an
stimated incidence of 2.7% to 8% in women with
UTS who are referred to urologists or urogyne-
ologists.7–9 Although a number of validated PFS
omograms exist to aid in the diagnosis of BOO in
en, reliable urodynamic data for women is lack-

ng. Groutz and Blaivas9 published a nomogram for
bstructed women in 2000, but they studied a co-
ort of only 50 women and used women with
UTS as controls. Furthermore, they used Qmax
alues taken from noninvasive uroflow tests that
ad been performed separately from the PFSs. In
his study, we attempted to improve our ability to
ake a urodynamic diagnosis of female BOO by

alculating cutoff values for Qmax and PdetQmax
hat had been obtained during the same PFS. We
alculated these cutoff values by constructing ROC
urves using a large sample of women who had
een diagnosed with BOO on the basis of clinical

IGURE 2. ROC curves of relative diagnostic sensitiv-
ty, specificity, and accuracy for detection of BOO ac-
ording to different (A) PdetQmax and (B) Qmax cut-
oint levels. Point of equivalence for detection of BOO
intersection of sensitivity and specificity curves) indi-
ated by broken line.
nd radiographic criteria and comparing the values v

78
ith those from normal, asymptomatic controls
ho were selected using strict exclusion criteria.
The PFS cutoff values proposed by these most

ecent ROC curve analyses differ somewhat from
he values proposed in our previous studies. The
detQmax cutoff of 25 cm H2O is slightly greater
han the 21 cm H2O obtained when we used
omen with SUI as the control group. This dis-

repancy may have occurred because women with
UI, owing to their lower outlet resistance, void
ith significantly lower detrusor pressures than
ormal asymptomatic women.3 The greater void-

ng pressures exhibited by normal women have
ikely resulted in a greater PdetQmax cutoff point
o discriminate between obstructed and normal
oiding. Although a PFS in which both the Qmax
nd PdetQmax are abnormal, as defined by our
OC curve analysis, was highly associated with the
resence of BOO (OR greater than 10 for both
detQmax25/Qmax combinations), the presence of

ust one abnormal PFS parameter may also indicate
bstruction (OR 5.504 and 5.302 for Qmax10 and
max12, respectively). These findings suggest that
low Qmax alone may serve as a marker for BOO

n the female population, as has already been found
o be the case for men.
One of the shortcomings of this study is that

hese cutoff values can only be applied to women
ith anatomic BOO who are able to void during

he UDS assessment or who void without a sub-
tantial increase in abdominal pressure, because
atients who could not urinate or who exhibited
alsalva voiding or a lack of pelvic floor relaxation
uring urination (which may be indicative of func-
ional BOO) were excluded from our analysis. The
mall number of control subjects and the lower age
f the normal women compared with that of the
bstructed group were also relative deficiencies of
his study. Even though the effect of age was taken
nto account in the multivariate analysis, it is likely
hat the dissimilar ages between the obstructed and
ontrol groups could have influenced the Qmax
nd PdetQmax cutoff values. The collection of
DS parameters from a larger number of asymp-

omatic women in the sixth to eighth decades will
nable us to compile a control group more compa-
able in terms of age to obstructed women, but will
ot be easy to obtain given the high prevalence of
UTS and voiding pathologic features in the aging
opulation.
The next step in our investigation of female BOO
ill be to construct a PFS nomogram for women
ith obstruction after incontinence surgery using

ge-matched normal women as controls. Such a
omogram, once validated, would be useful in
uiding the treatment of those women who have

oiding dysfunction with a history of previous in-

UROLOGY 64 (4), 2004
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ontinence surgery, since a clear-cut temporal se-
uence of voiding difficulties occurring immedi-
tely after such procedures is not always present.
n such ambiguous cases, the decision as to
hether to perform sling takedown or urethroly-

is, which may result in recurrent SUI, is partially
ependent on the ability to distinguish bladder at-
ny or hypocontractility from BOO. Because no
niversally agreed on urodynamic definition of fe-
ale BOO is available, it is not known whether PFS

esults are predictive of urethrolysis outcome.
omen with BOO may have a greater likelihood of

enefiting from urethrolysis, and those with a
eak detrusor might be better treated with inter-
ittent catheterization.

CONCLUSIONS

In this study, we proposed cutoff values to aid in
he diagnosis of women with outlet obstruction.
hese cutoff values were derived from ROC curve
nalysis using normal controls. The PdetQmax
alue with a specificity of at least 60% and the
reatest sensitivity for the detection of BOO was 25
m H2O, and the Qmax value resulting in equal
ensitivity, specificity, and accuracy (68%) for pre-
icting BOO was close to 12 mL/s.
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EDITORIAL COMMENT

The authors have written their third report regarding the
iagnosis of BOO in women using similar diagnostic criteria
ut a different control group. They should be commended for
ncluding a control group of normal asymptomatic women
not an easy task) to eliminate the effects of SUI and low outlet
esistance on the control group. As such, the PdetQmax pa-
ameter that best diagnoses obstruction has been raised by
everal centimeters of water.

As in the other studies used to define obstruction by these
uthors, three distinct types of anatomic obstruction were in-
luded. Postincontinence surgery obstruction, prolapse, and

s of age and combined variable PdetQmax25/
ection of bladder outlet obstruction
dds
atio 95% CI

P
Value

1.000 Referent
5.504 1.604–18.844 0.007
8.632 3.155–159.823 0.003

0.002
1.092 1.042–1.145 �0.001

1.000 Referent
5.302 1.350–20.810 0.017
5.148 3.074–74.633 0.001

1.094 1.044–1.147 �0.001

/s as cutpoint; Qmax12 � Qmax using 12 mL/s as cutpoint; CI � confidence interval;
lyse
det
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10 mL
eriurethral fibrosis/distal urethral stricture. The largest per-
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