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ABSTRACT

Objective: Determine diagnostic power and
intercorrelation between bladder outlet ob-
struction number (BOON] and intravesical
prostatic protrusion (IPP] as non-invasive
predictors of infravesical obstruction in
patients with lower urinary tract symptoms
due to benign prostatic enlargement. Mate-
rial and methods: Prospective study during
2009-2010 analyzed data of 110 patients
with proven benign prostatic enlargement.
Prostate volume and IPP were determined
by transabdominal ultrasound, and patients
underwent complete urodynamic studies
(UDS). BOON was calculated using the formula:
prostate volume (cc)-3 x Omax (ml/s)-0.2 x

1. INTRODUCTION

It is well known that benign pros-
tatic enlargement (BPE) is the most
common cause of bladder outlet
obstruction (BOO) in men in their
50s or older (1). Morpho-functional
changes of the lower urinary tract
are caused by increased prostate vol-
ume, and increased activity of alpha
adrenergic receptors in the prostate
stroma, prostatic capsule and blad-
der neck. The prostate enlargement
is also manifested by the develop-
ment of intravesical prostatic pro-
trusion (IPP), as a morphological
change by which the prostate pro-
trudes into the bladder (2). It has

mean voided volume (ml). Results: There is
a statistically significant correlation between
the values of IPP and BOON (Spearman’s rank
correlation coefficient rho=0.48, p=0.0001).
BOON is a more sensitive sensitivity 82.4%,
specificity 66.1%), while IPP is a more specific
factor (sensitivity 58.8%, specificity 81.4%)
in the group-wise prediction of bladder outlet
obstruction (B0OO). Positive predictive value in
the diagnosis of obstruction increases at the
individual level combining the cut-off values
for BOON>-30, with IPP>10 mm (PPV 86.8%).
Owing to a good correlation of IPP with differ-
ent definitions of urodynamic obstruction, IPP
was included in the BOON formula instead of
prostate volume. This number was arbitrarily
called BOON2. The combination of IPP >10 mm

become known that the prostatic
configuration together with the ex-
pressed IPP can influence normal
urination. The IPP seems to support
infravesical obstruction through the
“valve ball” mechanism, in which
prostatic lateral and median lobes
interfere with the complete opening
of the vesical neck during urination,
disrupting the funnelling effect of
the bladder neck and causing dyski-
netic movement of the bladder dur-
ing voiding (3). Further on, IPP pro-
vides information on not only the
presence of urodynamic obstruc-
tion but also on its severity. Supra-
pubic ultrasound is a simple, non-in-
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and cut-off value for BOON2 >-50 showed that
88.6% of the patients were accurately classi-
fied in the zone of obstruction (mean IPP 14.9
mm), while BOON2<-50 carried a high NPV.
Conclusion: The combination of cut-off values
for BOON and IPP increases test accuracy
according to BOO at the individual level, thus
facilitating clinical decision making regarding
diagnostics and optimal choice of therapy in
patients with BPE. Owing to its good correla-
tion with obstruction determinants, IPP can
be included in the formula for BOON instead
of prostate volume.

Key words: Intravesical prostatic protrusion,
bladder outlet obstruction number, benign
prostatic enlargement, UDS

vasive and rather accurate method
of assessing bladder outlet obstruc-
tion in patients with BPE, caused
by prostatic protrusion. Franco et al.
find good correlations between in-
travesical prostatic protrusion and
the bladder outlet obstruction index
(Spearman’s rho=0.49, p=0.001), and
Schaefer obstruction class (Spear-
man’s tho=0.51, p=0.001) (4). Chia et
al., exploring the benefit of measur-
ing the intravesical prostatic protru-
sion in 200 patients, showed that the
higher grade of IPP is a statistically
significant predictor of bladder out-
let obstruction (5).

On the other hand, the bladder
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outlet obstruction number (BOON) Main characteristics of 110 patients Arithmetic mean (SD); Median Range
is obtained by a simple mathemati-  Age [years) 65.3 (74); 66.5 48-80
cal combination of three non-inva-  PSA (ng/ml) 1.8(1.3);09 0.3-4.9
sive factors (prostate volume, uro- PV(cc) 47.3(19); 42 24-120
flowmetry, and mean voided urine PSS 18.2(5.8);19 6-31
obtained from frequency volume  Omaxfree (ml/sec] 10.3(3.9);9 4-22
chart, which is a usual part of the as-  PVR(mI] 49.9(52.5); 30 0-250
sessment of patients with BPE). This ~ BOON 179 (28.3);-18.5 -70.8-74.4
number is validated according to _PP(mm) 11.7 (6.6); 1.1 134
Mean Vv 167.3(42.8); 167 93-254

different urodynamic determinants
of obstruction and it shows good
group-wise sensitivity and specificity

Table 1. Basic clinical and demographic characteristic of the BPE group. PSA-Prostate specific antigen, PV-
prostate volume, I-PSS International prostatic symptom score, Qmax free-maximum urinary flow, PVR-post

in the classification of the obstruc-
tion (6). If the number moves toward
higher values, the prevalence of ob-
struction increases (while the num-
ber of patients decreases). According
to the original study, if the chance of
80% of patients having or not hav-
ing the obstruction is acceptable,
then BOON should be higher than
-10, or lower than -70; however, there
remains a large fraction of patients
(64%) that should undergo addition-
al invasive urodynamic tests. Never-
theless, literature data on the utility
of this number are very scarce; there-
fore, this factor needs to be further
examined and compared with oth-
er reliable factors indicating the be-
nign prostatic obstruction, in order
to improve the accuracy of predict-
ing the bladder outlet obstruction at
the individual level.

Due to the above, a prospective
study was conducted on the inter-
correlation and utility of the combi-
nation of these non-invasive factors
in patients with the lower urinary
tract symptoms due to BPE, with
the final aim to facilitate clinical de-
cision making regarding the choice
of additional diagnostic modalities
or optimal therapy.

2. MATERIAL AND METHODS
During the period 20092010, the
prospective study was carried out on
110 patients with lower urinary tract
symptoms (LUTS) and confirmed
benign prostatic enlargement (BPE)
from Urodynamic Unit at the Urol-
ogy Clinic of the Sarajevo Univer-
sity Hospital. The exclusive crite-
ria were neurological abnormali-
ties, suspicious digital rectal exam-
ination, elevated serum PSA, blad-
der calculosis, urethral stenosis, uri-
nary tract infection, previous opera-
tion of the prostate, as well as the us-

void residual urine, BOON- bladder outlet obstruction number, IPP —intravesical prostrusion of prostate,

MeanVv-mean voided volume

age of medications which may affect
voiding patterns. The transabdomi-
nal ultrasound (TAUS) determined
patients prostate volume, as well as
intravesical protrusion of the pros-
tate (IPP) at the bladder volume of
150200 ml. The IPP was defined by
the distance from the tip of the pros-
tate’s protrusion into the vesical lu-
men to the bladder neck measured
in millimetres, thus determining the
three stages of IPP: <Smm grade I,
5-10 mm grade II, and >10 mm grade
III. The patients completed Interna-
tional Prostatic Symptom Score (I-
PSS) and signed the Informed Con-
sent Form. Then, the patients un-
derwent conventional urodynamic
studies (UDS) using the Androme-
da Ellipse 4 apparatus. Urodynamic
studies were done according to the
“good urodynamic practices” by the
International Continence Society
(ICS) (7). Then, the findings of pres-
sure/flow studies (PFS) were plotted
on the Schaefer obstruction class (8),
ICS nomograms (9) and URA-group
specific urethral resistance factor
(10). Each patient had their bladder
outlet obstruction index (BOOI= P,
Qunax 2Qunae) determined (11) as well
as bladder outlet obstruction num-
ber (BOON) following the formu-
la: prostate volume (in cubic centi-
meters)-3 x maximal urinary free
flow rate (in milliliters per second)—
0.2x mean voided volume (in millili-
ters) (6). Mean voided urine volume
was calculated for each patient as
an average amount of voided urine
during 24 hours, depending on the
number of voidings from frequency-
volume chart.

Statistical analysis was performed
through rank correlation Kend-

all’s tau test (relationship of IPP and
prostate volume with different uro-
dynamic nomograms), D’Agostino-
Pearson test for normal distribution,
calculation of area under the receiv-
er operating characteristic (ROC)
curve for predicting obstruction,
while AUCs were compared via the
method of DeLong (12). The best fit-
ting associations between the clini-
cal parameters and urodynamic ob-
struction were determined by step-
wise logistic regression model. Sta-
tistic analysis was made using Med-
calc program for Windows version
12 and Evidence based calculator
(NNT calculator)-free version. The
level of significance (two-tailed) was
set at p <0.001.

3. RESULTS

The study prospectively analyzed
data on 110 patients with lower uri-
nary tract symptoms and confirmed
BPE. The average patient age was
65.3 years (49-80). The mean prostate
volume was 47.3 cc (29-120), while
the mean IPP value was 11.7 mm (1-
34), median value of the bladder out-
let obstruction number (BOON)
was -17.9 (-70.8-74.4). Other clinical
data are shown in Table 1.

A clinically good, statistically sig-
nificant correlation was shown be-
tween the values of intravesical pros-
tatic protrusion and bladder outlet
obstruction number (Spearman’s
coefficient of rank correlation rho=
0.481, p<0.0001).

Kruskall-Wallis test showed a sta-
tistically significant difference be-
tween IPP grades and BOON val-
ues. Therefore, the mean value of
BOON for IPP grade I (<5 mm) is
-36.3, while for grade II (5-10 mm)
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No pat. 110 BOON IPP BOON>-30 IPP>10mm
AUC 0.769* . 0.752*
C1(95%) (0.679100.843) 0.708(06150.791) 1§ g1 gog)
Sensitivity (%) 82.69 59.62 61.33

C1(95%) (69.7-91.8) (45.1-73.0) (49.4-72.4)
Specificity (%) 66.10 80.56
C1(95%) (52.6-779) 81.36(69.1-90.3) (64.0-91.8)
+LR 3.20 3.15

Cl (95%) 238(1.9-3.0) (2.5-4.1) (2.5-4.0)

-LR 0.50

01 {95%) 0.29 (0.2-0.6) (03-0.9) 0.48 (0.2-1.0)
PPV 67.7 73.8 86.8

Cl(95%) (54.7-79.1) (527-86.3) (74.5-94.6)
NPV (%) 50.0

01 {95%) 79.6 (65.7-89.8) 69.6 (573-80.1) (36.6-63.4)
Number Needed to > 24 24

Diagnose (NND)**

Table 2. Sensitivity and specificity for different models in the prediction of obstruction. +PV-Positive
Likelihood Ratio, -NPV- Negative Likelihood Ratio PPV- Positive Predictive Value, NPV-Negative Predictive
alue,Cl-Confidence interval, BOON- bladder outlet obstruction number, IPP —intravesical prostrusion

of prostate, *p<0.001, ** Number Needed to Diagnose (NND) =1/ (Sensitivity—(1-Specificity) ) =

1/(Youden’s J)

and grade III (>10 mm) it is 27.7 and
-6.8, respectively (p<0.001) (Figure 1).
The increase of intravesical prostat-
ic protrusion leads to the increase of
BOON, i.e. increased prevalence of
urodynamically confirmed obstruc-
tion.

In order to determine the dis-
criminant value of intravesical pros-
tatic protrusion and BOON toward
obstruction, the values of receiv-
er operating characteristic (ROC)
curves were calculated, taking the
value of bladder outlet obstruction
index (BOOI)>40 as urodynamic ob-
struction, corresponding to clearly
obstructed zone on the provisional
ICS nomogram (9). Area under the
curve (AUC) for IPP is 0.708 (95% CI
0.615 to 0.791); p<0.0001, with cut-
off point of IPP> 12 mm (sensitivi-
ty 58.800, specificity 81.4%) (Figure
2). AUC for BOON is 0.769 (95% CI
0.679 to 0.843); p<0.0001, with cut-
off value with the best separation
(minimal false negative and false
positive results) of BOON>-27.2 (sen-
sitivity 82.49%, specificity 66.19%) (Fig-
ure 3). Pairwise comparison of those
ROC curves did not show a statisti-
cally significant difference, because
the difference between the areas
was 0.06 (SE 0.06, 95% CI -0.0515 to
0.169); p=0.29 (Figure 4).

After determining the cut-off val-
ue for BOON > -27.2, as the best dis-
criminator in the classification of
the obstruction, the number of pa-
tients was determined with IPP
higher than 10 mm, according to

the critical point as BOON>-30. In
the region of BOON <30, 29 (64.4%)
patients had IPP<10 mm, while 16
(35.6%) of them had IPP higher than
10 mm. In the region of BOON>-30,
21 (32.3%) patients had IPP<10 mm,
while 44 (67.7%) had IPP higher
than 10 mm (Chi*>=9.2, p=0.0024;
Odds Ratio 3.8, and post test proba-

mine the most independent vari-
ables indicating the obstruction (as
a dependent variable), a stepwise lo-
gistic regression analysis was made.
The parameters included in the
mathematical formula for BOON
(Quax» mean voided volume, pros-
tate volume), were taken as inde-
pendent variables, as well as BOON,
IPP, postvoid residual urine and age.
Analysis showed that the most signif-
icant variables are the IPP (p=0.009,
OR 1.12) and Q,,, free (p<0.0001, OR
-0.47) with log likelihood of 49.4,
(p<0.0001). Other variables were ex-
cluded from the model. The signifi-
cance level for the Hosmer & Lem-
eshow test is high (p=0.87; >0.1), in-
dicating a good logistic regression
model fit. The area under the ROC
curve for IPP and Q,,,, was 0.862
(95% CI 0.783 to 0.920).

As the bladder outlet obstruction
number was obtained by a mathe-
matical combination of non-inva-
sive clinical parameters (e.g. Pros-
tate volume, Q,,, mean voided
urine), the correlation between the
prostate volume and IPP was deter-

bility is 6896).

Table 2. shows sen- 80

sitivity, specificity, po-
sitive and negative pre-
dictive values, and the
number of patients ne-
eded to diagnose in- 0
fravesical obstruction,
depending on which
model is used to pre-
dict the obstruction.
It can be noticed that

60

40

20

-20

-40

-60

-80

o
p<0.001

BOON shows higher
sensitivity, while IPP

1 1
| 5-10mm [ >10mm |

IPP grade

| <5mm|

shows higher specifi-
city in the classifica-

Figure 1. BOON value according to the IPP grades

tion of the obstruc-

T

tion. Considering the | #

patients with IPP hi- | s 1

gher than 10 mm, with | 1

BOON >-30, the AUC 3

of 0.752 (p=0001) is cal- % 1
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bination slightly incre- | s i il

ases sensitivity and si- | =588 o 22 s
gnificantly  increases O‘gggw’o & Spec: 814
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with IPP alone.
In order to deter-

Figure 2. ROC curve’s dot diagram indicating the cut-off point with the

best separation of IPP >12 mm in the prediction of obstruction
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BOON
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b
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B
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Figure 3. ROC curve’s dot diagram indicating the
cut-off point with the best separation of BOON
>-27.2 in the prediction of obstruction

100-Specificity

Figure 4. Pairwise comparison of ROC curves for
the BOON and IPP

mined, and the Spearman’s coeffi-
cient of rank correlation is rho=0.53
(p=0.0001). Thus, similar correla-
tions between the prostate volume
and IPP were obtained with differ-
ent obstruction determinants (Ta-
ble 3). A somewhat bigger differ-
ence was observed in correlations
according to Urethral resistance al-
gorithm (URA), IPP rho=0.247 ver-
sus prostate volume rho=0.289, but
the comparison of correlation coeffi-
cients test showed that such a differ-
ence is not statistically significant (z
statistics=-0.33, p=0.74). Due to good
interrelation of the prostate volume
and intravesical prostatic protru-
sion, it was decided to replace the
value of prostate volume with IPP
in the formula for BOON, and ar-
bitrarily call this number BOON2.
Figure S. shows the distribution for
BOON, while Figure 6. shows the
distribution for BOON2 (Arithmetic
mean-52.28, SD 19.23, range -97.2 to
-13.8). Two important characteristics
were observed for BOON 2. First,
due to a small difference in IPP val-
ues, BOON2 has distribution below
zero for entire sample, while BOON
widely ranges (due to considerable
differences in prostate volume) from
70.8 to 74.4 (Table 1). The second

characteristic is that BOON2 shows
normal distribution (D’Agostino-
Pearson test p=0.23), compared with
BOON, which does not have normal
distribution (p=0.002).

ROC curve was calculated for the
prediction of the obstruction for
BOON?2, using URA nomogram.
Urodynamic obstruction is repre-
sented by the values of URA >29 cm-
H20. AUC for BOON2 is 0.851 (95%
CI 0.771 to 0.912; sensitivity 68.9%,
specificity 89.8, +LR 6.8, -LR 0.3,
PPV 87.5% and NPV 69.4%; p=0.001)
with the critical point >-47.4 (Figure
7). The number of patients needed
to diagnose obstruction is 1.7. AUC

251
20} 1
54 /
1 . I I .“ -
AN
T | | i | | | | Fi—
60 40 2 0 20
BOON

120 100

1l
80 4 60 80 100

Figure 5. BOON distribution

-0 100 90 80 -

Figure 6. BOON2 distribution

for BOON, and according to URA
it is 0.816 (95% CI 0.731 to 0.884,
sensitivity 78.7%, specificity 71.4%,
p 0.001). Pairwise comparison of
AUC:s of ROC curves for BOON and
BOON?2 did not show a statistically
significant difference, because differ-
ence between areas was 0.0348 (SE
0.0280, 95% CI -0.0201 to 0.0897);
p=0.21 (Figure 8).

When the cutoff value >-50 was
taken for BOON2, 71% of the pa-
tients (44/62) were accurately classi-
fied in the obstructed region, while
83.3% of the patients (40/48) were ac-
curately classified as urodynamically
unobstructed in the region BOON2
<50. The patients with BOON2 <50
had the mean value of IPP 9.6mm
(SD 5.9), while those with BOON2

Variable  BOOI  URA  LinPURR ICS
IPP(mm) 0.299* 0.247* 0.291* 0.258*
PV(cc) 0.311% 0.289*% 0.310% 0.272*

Table 3. Kendall's tau correlation coefficient

of prostate volume and IPP with different
determinants of obstruction. PV-prostate volume,
IPP-intravesical prostatic protrusion, BOOI-
bladder outlet obstruction index (>40), URA- group
specific urethral resistance factor(>29 cmH20),
LinPURR-Schaefer obstruction class nomogram,
ICS-International Continence Society nomogram
*p<0.001

>-50 had the mean value of IPP of 14.9
mm (SD6.6); T test=3.9, p=0.0002. In
the classification of the obstruction
BOON?2 has the sensitivity of 84.6%,
specificity 69%, +LR 2.7, -LR 0.2,
and PPV of 71% and NPV of 83.3%,
with NND of 1.9 and post test prob-
ability of 76%. However, of 44 ob-
structed patients only 5 (11.4%) pa-
tients did not have IPP higher than
10 mm, which indicates an accurate
classification of obstructed patients
of 88.6%. Analyzing the combina-
tion of cut-off value BOON >-30 and
IPP>10 mm, it was shown that only
three patients (7.1%) were not urody-
namically obstructed, therefore al-
most 93% of the patients were accu-
rately classified. In the zone out of
obstruction, there are more signifi-
cant oscillations in IPP values; there-
fore, the main determinant for un-

BOON2

3
&
;i
i 474
B Sens: 68.9
S50 858 Spec:89.8

URA>29 cmH20

Figure 7. ROC curve’s dot diagram indicating the
cut-off point with the best separation of BOON2
>-47.4in the prediction of obstruction

20H | AU
y — BOON 0816
,,,,,,,, BOON 0.851

o I I I I I
0 20 40 60 80 100
100-Specificity

Figure 8. Pairwise comparison of ROC curves for
the BOON and BOON2
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obstructed condition is only the cut-
off value <50 BOON2 (83.3% of ac-
curately classified unobstructed pa-
tients), while for BOON < -30, nega-
tive predictive value is far lower.

4. DISCUSSION

The aim of this prospective study
was to determine the discriminant
power of non-invasive variables with
regard to infravesical obstruction
confirmed via pressure/flow studies,
in patients with BPE, and to try to
improve their sensitivity and specific-
ity by a possible combination of the
two. The IPP has recently become a
very significant component in pre-
dicting the bladder outlet obstruc-
tion, as well as its progression and
the need for surgical treatment (13,
14, 15). On the other hand, BOON,
as a simple mathematical formula
obtained by a combination of clin-
ical, radiological and non-invasive
urodynamic variables (uroflowme-
try), is very seldom mentioned in the
literature (16). Therefore, we consid-
er this factor to be neglected in dai-
ly practice, though this number may
fast and simply indicate to a urol-
ogist the condition of lower uri-
nary tract (presence of infravesical
obstruction) in patients with low-
er urinary tract symptoms, due to
the presence of benign prostate en-
largement. In an earlier study, cover-
ing a larger clinical sample (200 pa-
tients), we proved that the prostate
volume, calculated using ellispoid
formula, may be included in the for-
mula for BOON, using non-invasive
transabdominal instead of transrec-
tal ultrasound (17). A very good dis-
criminant power of this number was
shown, with a possibility of accurate
classification of patients with regard
to the obstruction in 73% of the cas-
es, thus enabling a large fraction of
patients to avoid invasive urodynam-
ic tests. Also, we proved in the ear-
lier study that intravesical prostatic
protrusion is also a significant fac-
tor in predicting bladder outlet ob-
struction, and that with the increase
of IPP grade, the prevalence of ob-
struction increases as well, and that
grade III IPP shows good correlation
with urodynamic factors that deter-
mine obstruction (18). At the same
time, higher sensitivity and specific-

ity of this factor were proved com-
pared with bladder wall thickness
(BWT), although BWT according
to other studies shows a very high
accuracy in predicting infravesical
obstruction (4, 19). However, accu-
rate determination of bladder or de-
trusor wall thickness requires ade-
quate maximum bladder volume,
adequate place of the transducer for
bladder wall measurement and op-
timized ultrasound transducer fre-
quency (20).

The present study showed very
good correlation between intravesi-
cal prostatic protrusion and bladder
outlet obstruction number (Spear-
man’s rank correlation coefficient
rho= 0.481, p<0.0001), and that with
the increase in IPP the BOON val-
ue suggestive of obstruction also in-
creases (ANOVA test, p<0.0001). It
was shown that BOON has high-
er sensitivity (82.7% vs 59.6%), but
IPP has higher specificity toward the
obstruction (81.4% vs 61.1%), when
BOOI>40 was taken for urodynam-
ically confirmed obstruction. When
critical points were defined for each
determinant, the patients were clas-
sified according to BOON>-30 with
IPP> 10 mm (critical point >12 mm),
and a slight increase of sensitivity
was achieved (61.6%), but a signifi-
cant increase was achieved of pos-
itive predictive value (PPV) of this
combined test of 86.8% compared
with PPV of 67.7% and 73.8% for
BOON and IPP alone, respective-
ly (Table 2). Why is it important to
compare and combine the charac-
teristics of these two parameters? In
the editorial comment the study by
Reis et al. on the utility of IPP in the
prediction of bladder outlet obstruc-
tion, it was stressed that prospec-
tive and multi-centric studies are re-
quired with larger samples, as well
as the comparison of IPP with other
non-invasive tests in order to evalu-
ate this recently adopted technique
(3). Also, in all proposed meth-
ods involving the determination of
threshold for an isolated parameter,
groups of patients with high preva-
lence of obstruction are selected, but
nevertheless, such prevalence of ob-
struction represents average proba-
bility to have obstruction, while the
probability for an individual patient
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may be higher or lower (6). It was
shown that BOON is a more sensi-
tive, while IPP is a more specific test.
Tests with high sensitivity and low
specificity can efficiently detect ob-
structed men but tend to falsely di-
agnose unobstructed men as ob-
structed (high false-positive ratio).
Tests with low sensitivity and high
specificity are more likely to miss ob-
structed men (high false-negative ra-
tio), but can prudently exclude un-
obstructed men (21). By introducing
a combination of BOON or BOON2
with IPP, we tried to increase the di-
agnostic accuracy according to ob-
structed/non-obstructed zone on an
individual level, since observed as
a group, patients with BOON >-30,
and IPP higher than 10 mm, have a
chance of being accurately classified
in obstructed/non-obstructed zone
in approximately 70% of cases, with
increased accuracy if IPP increased
above 12 mm.

Further on, in the present study
the stepwise logistic regression anal-
ysis showed that IPP and Q,,, are
the most independent variables in
the prediction of urodynamic ob-
struction, and that BOON was ex-
cluded from this model (in addition
to other clinical and radiological
variables), probably because of pro-
nounced fluctuation in the values of
the formula’s components (prostate
volume, mean voided urine), and
broad variation of this number with-
in the observed group (-70.8 to 74.4).
Q...x I this model practically repre-
sents the most significant variable,
while combining this test with IPP,
very high sensitivity and specificity
in the classification of the obstruc-
tion are obtained (AUC=0.862). In
earlier studies we showed that Q. is
a very good indicator of obstruction
(as per URA nomogram), with sensi-
tivity of 72%, specificity of 929, and
PPV of 94%, with AUC of 0.92. (22).
Botker-Rasmussen et al. reported a
100% positive predictive value for a
Qmax less than 10 mL/s in a small
cohort of asymptomatic men (23).
However, the Q,,,, can be influenced
by a number of extraneous factors,
such as learning effects, diurnal vari-
ation, fluid and medication intake,
and bladder disorders (24). Further,
flow rates may be particularly limit-
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ed in predicting obstruction in spe-
cific situations, such as in elderly pa-
tients, individuals with low voided
volumes, or men with a Q,,, of more
than 10 ml/sec, as well as in the pres-
ence of neurological disease. (25).
This is why isolated observation and
analysis of Q,,,, have certain justified
limitations.

While analyzing the correlation
of IPP with other clinical and radio-
logical factors, a very good correla-
tion was observed between intraves-
ical prostatic protrusion and pros-
tate volume (Spearman’s rank corre-
lation coefficient rho=0.53;p 0.0001),
and almost the same correlations be-
tween IPP and prostate volume were
shown (Kendall’s tau correlation co-
efficient) with different urodynam-
ic nomograms in the definition of
obstruction (e.g. ICS, URA, Shaefer
nomogram and BOOI>40). This is
why it was decided to insert IPP in-
stead of prostate volume in the for-
mula for BOON, and to arbitrarily
call this new number BOON2. The
calculated ROC curve for BOON2,
according to URA nomogram (ob-
struction URA>29 cmH20), showed
a very good AUC of 0.851, along
with increased specificity (89.8%),
and positive predictive value (87.5%)
toward the obstruction, while AUC
for BOON2 was even higher than
AUC for BOON (though not statis-
tically significant). Again, there is
a question of why include IPP into
the formula (as a fraction of prostate
volume) if the prostate volume is
anyway determined by ultrasound.
First, the prostate volume itself does
not have a very pronounced predic-
tive power towards urodynamic ob-
struction compared to IPP (18), sec-
ondly, due to a small range of IPP
distribution values, BOON2 is in a
closer range (values are negative),
therefore this number has normal
distribution  (D’Agostino-Pearson
test p=0.23). The BOON, which has
a wide range, does not have normal
distribution (p=0.002), and in statis-
tical analysis BOON, the sample can-
not accurately be described by arith-
metic mean and standard deviation,
and such samples should not be sub-
mitted to any parametrical statis-
tical test or procedure. Thirdly, af-
ter including IPP in the formula for

BOON, it was shown that cut off val-
ue BOON2>-50, indicating that 71%
of the patients were accurately classi-
fied in the zone of obstruction, while
83.3% of the patients were accurately
classified in the zone out of obstruc-
tion, implying that by using this crit-
ical value more than 76% of patients
can be accurately classified in uro-
dynamic obstruction zone. Further,
by combining the values of bladder
outlet obstruction number with IPP
value, test accuracy would increase
at the individual level since the
mean value of IPP for patients with
BOON2>-50 14.9 mm, compared to
patients with BOON2<50, where
the mean value of IPP is 9.6mm (sig-
nificantly lower than the critical val-
ue of IPP>12 mm). Using BOON2
>-50, and BOON>-30 in combina-
tion with IPP >10 mm, accuracy is
achieved according to the classifica-
tion of obstruction in the range of
88-93% of patients. However, neg-
ative predictive value for isolated
BOON2>-50 is far higher than NPV
for BOON>-30 and IPP>10 (non-ob-
structed patients). Homma states
that the PPV represents the propor-
tion of obstructed men in those test-
ing positive, and thus it should be
higher than the NPV because these
tests are intended to select obstruct-
ed men (21). But, if lower values be-
low the critical point (BOON2<50)
are observed, then non-obstruct
ed condition is accurately indicat-
ed and patients may avoid addition-
al invasive tests. A combination of
items with distinct test characteris-
tics might provide a more stringent
exclusion of unobstructed men with
less chance of missing obstructed
men (21).

This method of diagnostics, i.e.
a combination of two non-invasive
factors, improves the diagnostics of
infravesical obstruction at the in-
dividual level, thus facilitating ev-
eryday clinical decision making re-
garding the choice of therapy. By
our best knowledge and available lit-
erature, this is the first study on in-
tercorrelation between BOON and
IPP, and including IPP in the formu-
la for BOON. We are aware of the
limitations of this study. The sam-
ple should be larger, and BOON2
should be validated by comparison

with other proposed non-invasive
methods for the prediction of ob-
struction, e.g. clinical prostate score-
CLIPS (26) or Ocrim’s number (27).
Nevertheless, it seems that the com-
bination of these two non-invasive
factors increases diagnostic accuracy
in predicting the obstruction in in-
dividual patients with BPE (29).

5. CONCLUSION

A combination of non-invasive
parameters as intravesical prostat-
ic protrusion and bladder outlet ob-
struction number for predicting be-
nign prostatic obstruction provides
higher accuracy in diagnosing blad-
der outlet obstruction at the indi-
vidual level, resulting in a more ac-
curate selection of diagnostic mo-
dalities and optimization of treat-
ment of this group of patients. IPP
has shown to be a good surrogate for
prostate volume in the calculation of
the formula for BOON, and as such
it has higher specificity compared
with the original value of BOON.
More research with a prospective
study design and a larger sample size
is needed to establish definite crite-
ria for BOON and IPP combination.
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