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Abstract Objective: To determine from urodynamic data what causes an increased
postvoid residual urine volume (PVR) in men with bladder outlet obstruction
(BOO), urethral resistance or bladder failure, and to determine how to predict blad-
der contractility from the PVR.

Patients and methods: We analysed retrospectively the pressure-flow studies (PFS)
of 90 men with BOO. Nine patients could not void and the remaining 81 were divided
into three groups, i.e. A (30 men, PVR < 100 mL), B (30 men, PVR 100–450 mL) and
C (21 men, PVR > 450 mL). The division was made according to a receiver operating
characteristic curve, showing that using a threshold PVR of 450 mL had the best
sensitivity and specificity for detecting the start of bladder failure.

Results: The filling phase showed an increase in bladder capacity with the increase
in PVR and a significantly lower incidence of detrusor overactivity in group C. The
voiding phase showed a significant decrease in voided volume and maximum urinary
flow rate (Qmax) as the PVR increased, while the urethral resistance factor (URF)
increased from group A to B to C. The detrusor pressure at Qmax (PdetQmax) and
opening pressure were significantly higher in group B, which had the highest bladder
contractility index (BCI) and longest duration of contraction. Group C had the lowest
BCI and the lowest PdetQmax.
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PdetQmax, detrusor
pressure at Qmax;
AUR, acute urinary
retention;
ROC, receiver
operating
characteristic (curve)
Conclusions: Inmenwith BOO, PVR results from increasing outlet resistance at the
start and up to a PVR of 450 mL, where the bladder reaches its maximum compensa-
tion. At volumes of >450 mL, both the outlet resistance and bladder failure are
working together, leading to detrusor decompensation.

ª 2014 Production and hosting by Elsevier B.V. on behalf of Arab Association of
Urology.
Introduction

The natural history of untreated BOO has been
explained by the concept of detrusor compensation to
outlet resistance, followed by eventual decompensation
[1–3]. Bladder compensation occurs by detrusor hyper-
trophy and an increased power of contractility to main-
tain effective emptying despite the obstruction [4]. The
postvoid residual urine volume (PVR) starts to increase
as a result of the relative imbalance between bladder
contractility and increased outlet resistance, leading to
chronic retention of urine [5].

It has been generally accepted by many urologists
that a PVR of <100 mL is not significant, whilst if the
PVR is >100 mL, then chronic retention starts to
develop [6–8]. Whether the causes of chronic retention
and progressive accumulation of the PVR are related
to bladder failure or increased outlet resistance or both
remains debatable.

The aim of the present study was to find a urodynam-
ic explanation for the increasing PVR urine in men with
chronic retention caused by BOO. We determined from
pressure-flow data whether an increased outlet resis-
tance alone or bladder failure alone is responsible for
the increasing PVR or whether they might work
together at a certain point. The second aim of the study
was to assess whether it is possible to predict bladder
contractility from the PVR or not.

Patients and methods

After approval from the Institutional Review Board we
retrospectively analysed the urodynamic pressure-flow
studies (PFS) of all men referred to our urodynamic unit
with BOO over the last 2 years. The patients had to score
>7 on the IPSS to be included in the study. Patients with
neurogenic diseases or diabetes mellitus, and those on
chronic use of anticholinergics or antidepressants were
excluded from the study, to exclude detrusor
underactivity.

In the filling phase of urodynamics we assessed the
bladder capacity, compliance and the presence or absence
of detrusor overactivity. In the voiding phase, standard
ICS nomograms were used to diagnose BOO. We deter-
mined the voided volume, maximum urinary flow rate
(Qmax), opening pressure, the detrusor pressure at Qmax

(PdetQmax), duration of contraction, the bladder contrac-
tility index (BCI) and the urethral resistance factor
(URF). Bladder contraction is defined as any rise in detru-
sor pressure (during voiding) above the end-filling pres-
sure. The duration of contraction was determined by the
total contractility time, defined as the duration from the
start of the rise in Pdet above the end-filling pressure to
the decline of Pdet below the end-filling pressure.

To obtain the BCI we used the equation
BCI = PdetQmax + 5 Qmax, where BCI P 100 is consid-
ered good contractility and BCI < 100 is considered
weak contractility [9]. The URF was measured manually
using the equation

URA ¼ ½ð1þ 4d�Q2 � PdetÞ2 � 1�=2d�Q2

where d is a constant (3.8 · 10�4 and Q is the correspond-
ing flow rate for the measured Pdet, and where a URA of
<29.5 represents a normal urethral resistance and a
URA of P29.5 an increased urethral resistance [10].

A receiver operating characteristic (ROC) curve was
constructed to test the sensitivity and specificity of various
thresholds of PVR at which bladder contractility changed
from good (BCI P 100) toweak (BCI < 100). The differ-
ent thresholds tested included 300, 350, 400, 450 and
500 mL. The ROC curve showed that a threshold of
450 mL had the best sensitivity and specificity to detect
this change (98% and 68.9%, respectively) with a positive
predictive value of 85% and a negative predictive value of
92.2%, and overall accuracy of 87.7% (Fig. 1). Thus we
divided the patients into three groups according to a
threshold PVR of <100 mL and >450 mL.

Of the 90 patients included in the study nine could
not void with the urodynamic catheter in situ, and the
remaining 81 were divided into three groups according
to the PVR, i.e., A (30 men, PVR < 100 mL, a control
group having BOO with no chronic retention); B (30,
PVR 100–450 mL, with BOO and chronic retention);
and C (21, PVR > 450 mL, with BOO and chronic
retention). We used a computer program to calculate
the sample size that would give a power of 80% and a
significance level of 5%, and this showed that including
P21 patients in each group and P65 patients in the full
study would achieve these power and significance levels.

Results

The mean (SD) age of the patients was 61.6 (11.9) years
and the cause of infravesical obstruction was benign



Figure 1 The ROC curve for PVR and BCI.
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prostatic enlargement in 76 (prostate volume 55–90 mL)
and bladder-neck obstruction in 14. Cystoscopy of these
14 patients showed a narrow and high bladder neck that
was pliable, without contracture or fibrosis, suggesting a
bladder neck dysfunction. Clinically, obstructive urinary
symptoms were more common in groups A and B than
C (mean IPSS 22, 28 and 13, respectively) with a statis-
tically significant difference (P < 0.001). Overflow
incontinence and nocturnal wetting were more apparent
in group C than groups A and B (10/21, 0/30 and 2/30
patients, respectively, P < 0.001). Renal impairment
and bilateral hydronephrosis (assessed by ultrasonogra-
phy) were also more prevalent in group C than in groups
A and B (mean serum creatinine levels of 2.3, 1 and
0.9 mg/dL, respectively; P < 0.001).

Analysis of the results of the filling phase of the uro-
dynamic studies showed that the bladder capacity
increased with the increase in the PVR among the three
groups. Assessing the mean (SD) PVR in the three
groups compared with the mean (SD) bladder capacity,
the PVR was <20%, 20–70% and>70% of the bladder
capacity in groups A, B and C, respectively.

The detrusor compliance was also low in all groups
but with no statistically significant difference. Detrusor
overactivity was significantly lower in group C than in
groups A and B (P = 0.048; Table 1).

In the voiding phase, the voided volume and Qmax

decreased significantly as the PVR increased
(P < 0.001 and 0.015, respectively; Table 1). The ure-
thral resistance increased from group A to B to C, as
shown by the significantly greater URF in group B than
in group A (P = 0.005) and the further increase in
group C above both groups A and B (P < 0.001 and
0.096, respectively; Table 1).
The PdetQmax was significantly high in group B,
followed by group A then group C (P = 0.028 and
0.018, respectively). The effect on the opening pressure
was similar, being significantly higher in group B than
group A and group C (P = 0.01 and 0.04, respectively;
Table 1). Group C had the lowest BCI, with a statisti-
cally significant difference from both groups A and B
(P < 0.001). However, group B had a higher BCI than
both groups A and C (P < 0.001). Also, group B had
the longest duration of contraction, with statistically
significant difference from group A (P < 0.02) but not
from group C (P = 0.4; Table 1).
Discussion

The precise definition of the detrusor compensatory
response to BOO is still controversial [11,12]. To date
there is no agreement among urologists about the exact
time at which detrusor compensation reaches its maxi-
mum limit before the bladder starts to fail [13,14]. We
attempted to find a urodynamic explanation for the nat-
ural progress of chronic retention in men.

In the present study men with BOO were divided into
one of three groups, with group A having obstructive
symptoms with an obstructed voiding pattern on PFS
but with an insignificant PVR. Group B had a signifi-
cant PVR and an obstructed PFS pattern but still had
good contractility. In group C the contractility was
weakened, resulting in a greater PVR with an obstructed
PFS pattern.

We tried to determine the cause of the progressive accu-
mulation of the PVR in these patients; is it an increased
outlet resistance, or bladder failure, or both. In group B
the bladder contractility was good and even higher than
that in group A, and the only factor responsible for the
PVR was the increased outlet resistance. However, group
C had a continuous increase in the urethral resistance
with a concomitant decrease in the contractility, implying
that both factors contributed to a greater PVR.

Most of the urodynamic variables showed that group
B had the best contractility amongst the three groups, as
shown by the highest PdetQmax, the highest BCI and the
longest duration of contraction. However, group C had
the lowest contractility amongst the three groups, as
shown by the lowest PdetQmax, lowest BCI and, interest-
ingly, the lowest incidence of detrusor overactivity
(which requires a working detrusor muscle).

The ROC curve and scatter blots were very helpful
for determining the point at which bladder compensa-
tion reaches its maximum limit before the bladder con-
tractility changes from good to weak. The ROC curve
showed that a PVR threshold of 450 mL had the best
sensitivity and specificity to detect this change (Fig. 1).
This was confirmed by scatter blots, where most of the
data from patients with good contractility (BCI P 100)
were in the area with a PVR of <450 mL (Fig. 2).



Table 1 The results for the different urodynamic variables in the three study groups.

Mean (SD) or n variable Group A Group B Group C P

No. of patients 30 30 21

Overactivity

�ve 10 7 13 CS 0.017*

+ve 20 23 8

CS P1 0.390 0.044*

CS P2 0.005*

Capacity (mL) 230 (79) 342 (144) 543 (354) KW< 0.001*

MW P1 0.001* <0.001*

MW P2 0.046*

Compliance (mL/cmH2O) 18.2 (15.6) 15.8 (22.1) 12.9 (9.0) KW 0.304

MW P1 0.128 0.497

MW P2 0.449

Voided volume (mL) 185 (86) 150 (103) 71 (41) KW< 0.001*

MW P1 0.147 <0.001*

MW P2 0.017*

Qmax (mL/s) 7.50 (2.60) 5.34 (3.06) 2.90 (0.90) KW< 0.001*

MW P1 0.004* <0.001*

MW P2 0.002*

Opening pressure (cmH2O) 81.7 (55.4) 116.2 (61.9) 83.9 (47.5) KW 0.098

MW P1 0.010* 0.114

MW P2 0.041*

PdetQmax (cmH2O) 78.3 (42.1) 104.5 (55.3) 69.3 (16.3) KW 0.026*

MW P1 0.028* 0.348

MW P2 0.018*

Duration of contraction (s) 51.2 (26.7) 74.4 (45.8) 68 (53.4) KW< 0.001*

MW P1 0.020* 0.455

MW P2 0.466

BCI 113.8 (26.5) 153.5 (43.6) 82.8 (16.6) KW< 0.001*

MW P1 < 0.001* < 0.001*

MW P2 < 0.001*

URF 30.6 (5.7) 67.2 (35.3) 77.5 (26.1) KW< 0.001*

MW P1 < 0.001* < 0.001*

MW P2 0.094

P1, group A vs each other group.

P2, group B vs C.

KW, Kruskal–Wallis test.

CS, chi-squared test.

MW, Mann–Whitney test.
* Statistically significant, P < 0.05.

Figure 2 The scatter plots of BCI and PVR, showing that most

of the patients with good contractility (BCI P 100) were in the

area with a PVR of <450 mL.
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There is still a debate about the use of the PVR as
a predictor of acute urinary retention (AUR) in
patients with BPH or after TURP. Some authors
believe that the PVR is not a strong predictor of
AUR [15,16], while others report that men were 3.6
times more likely to have a recurrence of AUR after
TURP if they had a preoperative PVR of P500 mL
[17]. The present study supports the second opinion,
because in this group of patients the bladder contrac-
tility is very weak, raising the possibility of postoper-
ative AUR.

In conclusion, in men with BOO, the PVR results
from an increasing outlet resistance at the start and up
to a PVR of 450 mL, where the bladder reaches its
maximum compensation and power of contractility.
With a PVR of >450 mL both the outlet resistance
and bladder failure operate together, leading to detrusor
decompensation.
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