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Abstract Objective: Despite high-grade intravesical prostatic protrusion (IPP) being closely
related to bladder outlet obstruction (BOO), up to 21% of patients with low IPP remain ob-
structed. This study evaluates the characteristics and urodynamic findings of men with small
prostates and low IPP.
Methods: One hundred and fourteen men aged >50 years old with lower urinary tract symp-
toms (LUTS) were assessed with symptoms, uroflowmetry, serum prostate-specific antigen
(PSA), transabdominal ultrasound measurement of prostate volume (PV), IPP and post-void re-
sidual urine (PVRU). All patients underwent pressure flow studies. Patients with PV < 30 mL
and IPP � 10 mm were examined for parameters correlating with BOO or impaired detrusor
contractility.
Results: Thirty-six patients had PV < 30 mL and IPP <10 mm. Nine patients (25.0%) had urody-
namic BOO, all with normal bladder contractility. Fourteen patients (38.9%) had poor detrusor
contractility and all had no BOO. PV, PVRU and IPP were significantly associated with BOO, with
IPP showing greatest positive correlation. Both Qmax and IPP were significantly associated with
detrusor contractility. At 5-year follow-up, most patients responded to medical therapy. Only
three out of nine patients (33.3%) with BOO eventually underwent surgery, and all had a high
bladder neck seen on the resectoscope. Only one patient (7.1%) with poor detrusor contrac-
tility eventually required surgery after repeat pressure flow study revealed BOO.
Conclusion: In men with small prostates and low IPP, the presence of BOO is associated with
higher PV, PVRU and IPP, and most respond well to medical management. BOO can possibly
be explained by elevation of the bladder neck by a small subcervical adenoma.
ª 2017 Editorial Office of Asian Journal of Urology. Production and hosting by Elsevier B.V. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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Table 1 General characteristics of patients with small
prostates and low IPP (n Z 36).

Index Mean SD Range

Age (year) 66.0 8.3 54.0e85.0
IPSS 12.0 6.5 4.0e32.0
QoL score 3.0 1.1 2.0e6.0
PV (mL) 22.3 5.1 9.0e29.0
IPP (mm) 5.4 2.6 1.0e9.5
Qmax (mL/s) 12.0 2.4 6.0e14.9
PVRU (mL) 52.2 26.6 10.0e118.0
PSA (ng/mL) 1.3 1.5 0.3e7.8

IPSS, international prostate symptom score; IPP, intravesical
prostatic protrusion; Qmax, maximum urinary flow rate; PVRU,
post-void residual urine; PSA, prostate-specific antigen; PV,
prostate volume; QoL score, quality of life score.

248 H.J. Lee et al.
1. Introduction

Benign prostatic enlargement (BPE) is a common cause of
bladder outlet obstruction (BOO) and poor urinary flow in
elderly men presenting with lower urinary tract symptoms
(LUTS) [1].

The relationship between prostate size and BOO has
been shown to be controversial [2,3], and indeed, the
concept of benign prostate hyperplasia (BPH) has gradually
been replaced by the idea of a prostate adenoma arising
from nodular hyperplasia that distorts the prostatic urethra
rather than compresses it [4,5]. As a result, an adenoma at
the submucosal region of the bladder can cause significant
obstruction despite being small, while an adenoma in the
prostatic stroma would have to grow to a large size before
causing significant symptoms and obstruction. Unlike pros-
tate volume (PV), the intravesical prostatic protrusion (IPP)
has been shown to correlate well with poor urinary flow and
the presence of BOO [4e6].

However, a proportion of patients with small prostates
and low IPP complain of significant urinary disturbances and
poor flow, and up to 21% of patients with small prostates
and low IPP still present with urodynamic BOO [5]. In this
subgroup of patients, it is understandable that poor urinary
flow might be due to BOO or poor detrusor contractility, but
reports distinguishing both aspects as causes for poor uri-
nary flow have been scarce.

This study therefore aims to evaluate the characteristics
and urodynamic findings of men with small prostates and
low IPP, but presenting with LUTS and poor urinary flow. This
may further elucidate a cause of BOO in this specific sub-
group of patients, and aid in directing further management.

2. Methods

Between November 2001 and November 2002, a total of 114
patients above50yearsof agepresentingwith LUTS suggestive
of BPH were assessed for baseline symptoms using the Inter-
national Prostate Symptoms Score (IPSS) including the quality
of life (QoL) score, digital rectal examination, uroflowmetry
findings, and serum prostate-specific antigen (PSA) measure-
ments. Transabdominal ultrasound was done by a single
operator (K.T. Foo) to evaluate PV, IPP, and post-void residual
urine (PVRU).PVand IPPweremeasuredwhen thebladderwas
sufficiently distended with between 100 and 200 mL of urine.
The IPP was measured as previously described [5].

Patients specifically included in this study were selected
based on a small prostate size of <30 mL and a low IPP
of �10 mm, yet presenting with poor urinary flow
of <15 mL/s. Only patients who were able to void sponta-
neously with a voided volume of �100 mL were eligible.
Exclusion criteria included men with neurological diseases,
previous surgery to the prostate/bladder neck or urethral
instrumentation, prostate/bladder cancer, pelvic radio-
therapy, or use of medications that interfere with voiding.
All patients with PSA that were raised underwent
transrectal-ultrasound guided biopsy to exclude malig-
nancy. All patients with incomplete datasets were also
excluded from this study.

All patients underwent urodynamic investigations ac-
cording to recommendations by the International
Continence Society (ICS). BOO was defined according to the
Bladder Outlet Obstruction Index (BOOI), calculated as
(Pdet Qmax) � 2 (Qmax). Patients were characterized as
obstructed when BOOI was >40, and not obstructed when
BOOI was �20 [7]. All values in between were considered
equivocal, and considered as unobstructed in this study.

In addition, detrusor contractility was also calculated
from urodynamic findings, based on the Bladder Contractility
Index (BCI) described by Abrams [7]. This was derived from
the formula (Pdet Qmax) þ 5 (Qmax), such that a strong
contractility was given by a BCI of>150, normal contractility
a BCI of 100e150, and weak contractility a BCI of <100.

Statistical analysis was carried out with SPSS version 23
(IBM, Chicago, CA, USA). Numerical data were presented as
mean values with SD and range. The Wilcoxon rank sum test
was used for comparisons between variables, where a p-
value of<0.05 was taken as significant. Pearson’s correlation
coefficients were used to assess the relationship between
BOOI and the following variables: PV, PSA, IPP and PVRU.

This study received IRB approval, and informed consent
was obtained from all patients prior to involvement in the
study and before urodynamic studies were performed.

3. Results

A total of 36 patients with complete datasets had a small
prostate of <30 mL, low-grade IPP of �10 mm, and poor
urinary flow of <15 mL/s.

Table 1 shows the general characteristics of the patients
included in this study. Results of urodynamic studies with
causes for poor urinary flow are summarised in Table 2.
Urodynamic abnormalities were found in 32 patients
(88.9%), where nine patients (25.0%) were found to have
BOO, while 27 patients had no obstruction. All patients with
BOO had normal bladder contractility. Poor detrusor
contractility was observed in 14 out of 36 patients (38.9%),
and all of them did not have BOO.

3.1. Characteristics of patients with and without
BOO

Clinical parameters of patients with and without BOO were
compared to determine associations with BOO in this group



Table 2 Distribution of patients according to causes for voiding disturbances (n (%)).

No obstruction (BOOI < 20) Equivocal obstruction (BOOI 21e40) BOO (BOOI > 40) Total

Normal/good contractility 4 9 9 22 (61.1)
Poor contractility 9 5 0 14 (38.9)
Total 13 (36.1) 14 (38.9) 9 (25.0) 36

BOO, bladder outlet obstruction; BOOI, bladder outlet obstruction Index.
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of patients; findings are summarised in Table 3. The mean
age of patients with and without BOO were 69.0 � 10.0 and
64.0 � 7.0 years, respectively (p Z 0.122). PV (p Z 0.001),
IPP (p < 0.001) and residual urine (p Z 0.011) all showed a
significant difference between patients who had BOO
(BOOI > 40) and patients who did not (BOOI � 40). There
was no significant difference noted for IPSS, QoL, PSA and
Qmax.

BOOI was positively correlated to IPP, PV and PVRU. The
correlation coefficients ranged from 0.331 to 0.676 (Fig. 1),
with IPP having the most significant correlation (rZ 0.676).

3.2. Characteristics of patients with and without
poor detrusor function

As 14 patients were found to have poor detrusor contrac-
tility, the characteristics of these patients were evaluated
Table 3 Comparison of variables in patients with or
without urodynamic BOO.

Patients without
BOOa (BOOI � 40)
(n Z 27)

Patients with
BOOa (BOOI > 40)
(n Z 9)

p-Value

Age 64.0 � 7.0 69.0 � 10.0 0.122
IPSS 11.5 � 6.5 13.0 � 6.7 0.932
QoL score 3.0 � 1.2 3.0 � 1.0 0.511
PV (mL) 20.6 � 5.0 27.1 � 1.8 0.001b

IPP (mm) 4.0 � 2.1 8.5 � 0.8 <0.001b

Qmax (mL/s) 12.2 � 2.3 11.7 � 2.7 0.801
PVRU (mL) 46.9 � 22.8 60.0 � 29.2 0.011b

PSA (ng/mL) 1.0 � 1.5 1.9 � 1.2 0.065

IPSS, international prostate symptom score; IPP, intravesical
prostatic protrusion; Qmax, maximum urinary flow rate; PVRU,
post-void residual urine; PSA, prostate-specific antigen; PV,
prostate volume; QoL score, quality of life score.

a All values were shown as mean � SD.
b p < 0.05, Wilcoxon rank sum test.

Figure 1 Scatter plot of relationship between bladder outlet obs
(A), prostate volume (PV) (B), and post-void residual urine (PVRU)
as well to determine which parameters may predict im-
pairments in detrusor contractility. This is summarised in
Table 4. Patients with poor detrusor contractility were
found to have significantly smaller Qmax (pZ 0.006) and IPP
(p Z 0.031).

3.3. Further evaluation of patients with BOO

The patients with BOO were followed up for a period of 5
years, and this is summarised in Fig. 2. There were nine
patients in total; all were started on a-blockers, and three
patients (33.3%) eventually underwent surgery. In all pa-
tients, surgery was offered due to urodynamic diagnosis of
BOO, and these patients were keen as symptoms severely
affected QoL. With a mean follow-up time of 42.7 months,
only one patient experienced acute retention of urine
truction index (BOOI) and intravesical prostatic protrusion (IPP)
(C), respectively.

Table 4 Comparison of variables in patients with or
without poor detrusor function.

Patients with good
detrusor
contractilitya

(n Z 22)

Patients with poor
detrusor
contractilitya

(n Z 14)

p-Value

Age 66.0 � 9.5 65.5 � 6.3 0.879
IPSS 12.0 � 5.8 12.0 � 7.7 0.633
QoL score 3.0 � 1.0 3.0 � 1.2 0.416
PV (mL) 23.1 � 5.1 22.5 � 5.4 0.898
IPP (mm) 6.5 � 2.8 4.0 � 2.0 0.031b

Qmax (mL/s) 12.7 � 2.2 10.7 � 2.2 0.006b

PVRU (mL) 49.7 � 27.7 59.5 � 25.8 0.938
PSA (ng/mL) 1.4 � 1.7 1.0 � 0.8 0.175

IPSS, international prostate symptom score; IPP, intravesical
prostatic protrusion; Qmax, maximum urinary flow rate; PVRU,
post-void residual urine; PSA, prostate-specific antigen; PV,
prostate volume; QoL score, quality of life score.

a All values were shown as mean � SD.
b p < 0.05, Wilcoxon rank sum test.



Figure 2 Outcome and management of patients with small
prostates and low intravesical prostatic protrusion (IPP). BOO,
bladder outlet obstruction; LUTS, lower urinary tract symp-
toms; PV, prostate volume; TURP, transurethral resection of
the prostate.
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(ARU) 6 years later right before his death from a cerebro-
vascular accident. The six patients (66.7%) who were
managed medically were maintained on a-blockers for the
duration of 5 years with no complications, and were either
subsequently discharged or continued follow-up without
requiring surgery. Among the 14 patients with poor detrusor
contractility, only one (7.7%) underwent surgery after 4.2
years due to progression of symptoms. Surgery was offered
as a repeat urodynamic study done revealed a BOOI of 48,
suggesting BOO.

For the three patients with BOO who underwent surgery,
the mean time to surgery was 2.0 � 1.7 months. Data
collected at the end of 5-year follow-up as compared to
that taken at the time of presentation is summarised in
Table 5. There was no significant difference noted in terms
of symptoms or uroflow findings, although a marginal
benefit could be noted for IPSS, QoL, Qmax and PVRU after 1
year of follow-up.

Photographs taken during resection were also examined
and one example is shown in Fig. 3A. It was noted that all of
the patients who underwent TURP demonstrated a “high
bladder neck”, seen as an elevation of the bladder neck. All
patients had enlarged lateral lobes as well. The trans-
abdominal ultrasound image of the same patient was also
shown in Fig. 3B, showing a prostate adenoma with a small
PV and IPP at the edge of the bladder neck.

4. Discussion

The relationship between prostate size and BOO has pre-
viously been investigated, but there are few studies eval-
uating BOO in patients with small prostates presenting with
significant symptoms and poor flow, and none to our
knowledge looking into patients with a low IPP. Determining
the cause for symptoms in patients with small prostates is
important as it ultimately affects management if symptoms
were due to urodynamically-proven BOO, patients have
been shown to respond well to surgery [10,11]. On the other
hand, patients with impaired detrusor function have been
known to experience worse outcomes after prostatectomy
[10e12]. Since IPP is increasingly being used as a surrogate
to predict BOO especially within Asia, it becomes prudent
to evaluate the population of patients that, despite a low
IPP, are symptomatic and experience BOO on UDS.

In our series, prostate size and IPP were measured with
trans-abdominal ultrasound, which is simple and non-
invasive, and allows for evaluation of the bladder and PVRU
at the same time. In order to eliminate inter-observer vari-
ability, all measurements were carried out by a single
experienced operator (K.T. Foo). It is suggested that IPPmay
be affected by bladder volumes, with small volumes causing
inaccurate estimation of IPP length, and larger volumes
causing under-estimation of the IPP as it recedes behind the
symphysis pubis, but it is our general practice tomeasure the
IPP when the bladder is sufficiently distended between 100
and 200 mL, although this exact value is not reflected in the
results above. A prostate size of<30mLwas selected for this
study, as it provides a sufficient sample size for analysis and
guidelines generally dictate use of 5 a-reductase inhibitors
or surgery in prostates above 30 mL [13].

Detrusor contractility was evaluated with the BCI, a
measure introduced by Abrams and derived from the 7
qualitative grades of Schafer’s normogram [7]. Although the
BCI is simple and its use has not been extensively validated,
it has previously been applied by other studies to good ef-
fect [9,14]. There is currently no gold standard for deter-
mining detrusor contractility, and the BCI was used in this
case for its ease of administration in statistical analysis,
although we are aware that it is highly dependent on Qmax

[15], and artefacts during measurement of Qmax or straining
may cause the BCI values to be overestimated. Another
possible alternative is the use of the Watts Factor [16]
which has a less pronounced reliance on Qmax, but its
calculation is complex and requires additional parameters
not commonly recorded in urodynamic studies.

In this study, we sought to characterise patients with
small prostates/low IPP by determining the clinical param-
eters associated with BOO, in order to aid in clinical pre-
diction of patients who may be obstructed. BOO has been
shown to not correlate well with IPSS and QoL [10,21] in
multiple instances; this is re-confirmed again in this study,
where symptoms were not associated with either BOO or
poor detrusor contractility. IPSS and QoL scores reflect sub-
jective experiences in men with LUTS or LUTS/BPH, but
obstruction is objective; this suggests that although symp-
tom relief is important in LUTS/BPH, patients should not be
over-managed as this does not correlate with obstruction
and its potential complications. Among the other parameters
associated with BOO, PV, IPP and PVRU; IPP still had the
greatest correlation to BOO, further reinforcing its use as a
useful clinical adjunct for predicting the presence of
obstruction even in the subgroup of patients with a low IPP.

Qmax did not have a significant association with BOO but
was instead associated with the presence of poor detrusor
contractility. This potentially suggests that in patients with



Table 5 Comparison of variables during presentation and follow-up in three patients with BOO who underwent TURP.

At presentationa 1-Year follow-upa p-Value 5-Year follow-upa p-Value

Age (year) 79.0 � 23.0 80.0 � 23.0 e 85.0 � 23.0 e

IPSS 7.0 � 11.0 4.0 � 6.0 0.208 7.0 � 3.0 0.414
QoL score 3.0 � 1.0 2.0 � 2.0 0.184 3.0 � 2.0 0.180
PV (mL) 27.8 � 4.6 14.4 � 5.9 0.088 16.0 � 11.0 0.109
IPP (mm) 8.5 � 2.0 3.0 � 2.0 0.002b 3.0 � 1.0 0.109
Qmax (mL/s) 10.8 � 2.7 12.5 � 5.5 0.295 8.9 � 9.1 0.593
PVRU (mL) 60.0 � 46.0 34.0 � 38.0 0.219 30.0 � 40.0 0.109

IPSS, international prostate symptom score; IPP, intravesical prostatic protrusion; Qmax, maximum urinary flow rate; PVRU, post-void
residual urine; PSA, prostate-specific antigen; PV, prostate volume; QoL score, quality of life score.

a All values were shown as mean � SD.
b p < 0.05, Wilcoxon rank sum test.

Figure 3 Image taken during TURP demonstrating a high
bladder neck (A) and transabdominal ultrasound showing a
prostate adenoma with small PV and IPP (B). IPP, intravesical
prostatic protrusion; PV, prostate volume; TURP, transurethral
resection of the prostate.
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small prostates/low IPP, an isolated decrease in Qmax

without significant abnormalities in PV, IPP, PSA and PVRU
may indicate that a patient’s symptoms are due to poor
detrusor function which is usually treated medically, as
compared to outlet obstruction which may necessitate
surgery. Our results however differ from previous studies
[8,9], where Qmax was seen to be associated with BOO
instead. Nevertheless, Hirayama et al. [8] have found that
even in men with a Qmax of less than 5 mL, 20% had impaired
detrusor contractility, so the presence of a low Qmax should
always be considered in association with other clinical pa-
rameters as discussed above.

In 5 years, it was found that only three patients (33.3%)
with BOO underwent surgery, which was offered due to a
urodynamic diagnosis of BOO. At the end of 5 years, the
clinical variables recorded however showed no significant
difference. The need for surgery among the population with
poor detrusor contractility was also small with only one pa-
tient undergoing surgery for progression of symptoms, and
decision for TURP was based on a repeat urodynamic study
revealing a BOOI of 48. Currently, there has been no study
following the progress of patients with small prostates/low
IPP, and these results suggest that in this specific subgroup of
patients, medical management is still the preferred choice.

A secondary objective of this study was to examine the
cause for BOO in men with small prostates/low IPP. In our
series, 25.0% of patients were noted to have urodynamic
BOO, despite having a small PV and IPP. The causes of BOO
in a male patient are variable, but conflicting etiologies
were eliminated when the data were examined, including
conditions originating from the prostate (infections and
neoplasia) and the urethra (strictures, structural abnor-
malities). One possible mechanism was originally proposed
by TurnereWarwick [17], who suggested that the mecha-
nism behind BOO in small prostates originated from the
bladder neck itself e termed “bladder neck dyssynergia”,
where obstruction occurs due to ineffective bladder neck
opening from an abnormal arrangement of detrusor
musculature. However, this was noted to be present
throughout a patient’s lifetime, and patients were gener-
ally younger with a mean age ranging from 30 to 50 years
[18], and was thus considered unlikely. It was also previ-
ously reported by Kaplan et al. [19] that PV at the transi-
tional zone, determined by the Transitional Zone Index
(TZI), was correlated to symptom score and flow rate.
However, the series done by Lepor et al. [20] showed no
significant difference between TZI and IPSS, and only a
weak association with flow rate, while Hirayama et al. [8]
showed that TZI was not associated with urodynamic BOO
as well. Measurements of TZI were therefore not included
in this study, as it requires the use of invasive trans-rectal
ultrasonography as well. Nevertheless, it was fascinating
to note that the patients in our study with BOO undergoing
surgery had a “high bladder neck” when viewed from the
verumontanum of the bladder through the resectoscope.
When the bladder neck was incised, we found prostatic
adenoma tissue below the raised bladder mucosa, and this
was correlated to ultrasound findings of a prostatic ade-
noma with small PV and IPP in the same location. This
“subcervical adenoma” distorting the bladder neck up-
wards could therefore be a possible cause for BOO despite a
small PV and low IPP, and could be a possible area to
explore in future studies.

Although this study was prospective, it is not without
drawbacks e the sample size, especially in a sub-population
of patients with small prostates and low IPP lengths, is
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small. This may affect the statistical significance of the
findings observed, and the number of patients who under-
went surgery was also small, limited our ability to truly
characterise them. Nevertheless, we feel that this study is
interesting, and larger scale studies can certainly be car-
ried out using data obtained from this study as a means to
design a more precise methodology.

5. Conclusion

In men with small prostates and low IPP, the presence of
BOO on urodynamic study is significantly associated with a
higher PV, PVRU and IPP, while poor detrusor contractility is
significantly associated with a smaller Qmax and IPP. In
general, most patients responded well to medical man-
agement, but for patients undergoing surgery, BOO can
possibly be explained by elevation of the bladder neck by a
small subcervical adenoma.
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