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Abstract
Purpose To identify urodynamic factors associated with the mechanical stop test and immediate spontaneous voiding following transurethral resection of prostate (TURP).
Methods We identified 90 men who underwent TURP over a 12-month period. Forty-three (mean age 68 years) underwent
urodynamic evaluation prior to TURP. Isovolumetric detrusor contractile pressure (Piso) was obtained using the mechanical stop test during the voiding phase, and used to calculate detrusor contractile reserve (Pres = Piso − Pdet@Qmax). Primary
outcome was spontaneous voiding after TURP.
Results Preoperative catheter-free spontaneous voiding was present in 63% of men (27/43) with a urodynamic (mean ± SD):
Qmax 6.2 ± 2.7 mL/s, Pdet@Qmax 102 ± 47 cmH2O, Piso 124 ± 49 cmH2O, Pres 22 ± 16 cmH2O, bladder outlet obstruction index
(BOOI) 90 ± 49, and bladder contractility index (BCI) 132 ± 44. The remaining 16 catheter-dependent men demonstrated a
urodynamic (mean ± SD): Qmax 3.6 ± 3.3 mL/s, Pdet@Qmax 87 ± 38 cmH2O, Piso 99 ± 51 cmH2O, Pres 10 ± 18 cmH2O, BOOI
82 ± 36, and BCI 106 ± 48. Following TURP, 67% of men voided spontaneously with their first void trial, and in receiver
operator analysis of urodynamic measures (Pdet@Qmax, Piso, Pres, BOOI and BCI), only Pres was significantly associated with
immediate spontaneous voiding after TURP (threshold Pres ≥ 9 cmH2O, AUC = 0.681, p = 0.035).
Conclusions In men who underwent TURP, a Pres ≥ 9 cmH2O was associated with immediate spontaneous voiding and may
be easily incorporated into the postoperative pathway.
Keywords Follow-up studies · Male · Muscle contraction · Prostatic hyperplasia · Urologic surgical procedures
Abbreviations
BCI	Bladder contractility index
(BCI = Pdet@Qmax + 5 × Qmax)
BOOI	Bladder outlet obstruction index
(BOOI = Pdet@Qmax − 2 × Qmax)
Pdet@Qmax	Detrusor pressure at maximum flow
Piso	Isovolumetric detrusor contraction pressure

Pres	Detrusor contractile reserve pressure
(Pres = Piso − Pdet@Qmax)
PVR	Post-void residual
Qmax	Maximum flow rate
TURP	Transurethral electrosurgical resection of
prostate
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The Functional Classification of Voiding, originally
described by Alan Wein in 1981, characterizes lower urinary
tract dysfunction into either a failure to store or a failure to
empty, which may result from either a disorder of the bladder, the outlet or combination of both [1]. The indications for
performing pressure flow urodynamics have been outlined in
joint guidelines from the International Continence Society
(ICS), American Urological Association (AUA), and Society of Urodynamics, Female Pelvic Medicine & Urogenital
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Reconstruction (SUFU) [2, 3]. Urodynamic evaluation is
typically reserved for situations when it is important to
determine if urodynamic obstruction is present and particularly when invasive, potentially morbid or irreversible treatments are considered [3]. By quantifying maximum flow
rate (Qmax, mL/s) and detrusor pressure at maximum flow
(Pdet@Qmax, cmH2O), the bladder outlet obstruction (BOO)
index (BOOI = Pdet@Qmax − 2 × Qmax) stratifies men into
three groups, [> 40 obstructed; 20–40 equivocal; < 20 not
obstructed] with high pressure and low flow pathognomonic
for obstruction [4]. Similarly, the bladder contractility index
(BCI = Pdet@Qmax + 5 × Qmax) stratifies men by detrusor
contractile strength [> 150 strong; 100–150 normal; < 100
weak], with a low detrusor contractile pressure diagnostic
of detrusor underactivity (DU, BCI < 100) [4, 5].
As a component of pressure flow urodynamics, the
mechanical stop test has been advocated as a useful adjunct
to assess isovolumetric bladder contractility (Piso); and is
particularly useful for assessing bladder contractility in the
setting of post-prostatectomy incontinence, when outlet
resistance is exceptionally low [6–9]. Following occlusion of
the outlet, detrusor pressure at maximum flow (Pdet@Qmax)
will typically rise up to the isovolumetric contraction pressure (Piso), and the difference between Piso and Pdet@Qmax
may be calculated as the isometric detrusor contractile
reserve (Pres). The term Pres has not been previously defined
Fig. 1  Patient flow chart (identification, allocation, follow-up,
analysis)

13

in the published literature. While the mechanical stop test is
commonly performed for post-prostatectomy incontinence,
outcomes associated with this test in men undergoing transurethral electrosurgical resection of the prostate (TURP)
have not been reported. We sought to identify urodynamic
factors associated with the mechanical stop test and spontaneous voiding following TURP.

Methods
After obtaining institutional review board approval, we identified 90 men who underwent TURP by a single surgeon at
our institution over a 12-month period as outlined in our
patient flow chart (Fig. 1). A retrospective chart review of
each medical record was performed for the 43 men who
underwent preoperative urodynamic pressure flow evaluation. Data were manually recorded into REDCap (Research
Electronic Data Capture) [10]. Extracted data included:
baseline patient characteristics, alpha blocker use, 5-alpha
reductase inhibitor use, anticholinergic use, preoperative
spontaneous voiding, and preoperative urodynamic findings.
Urodynamic reports and tracings were reviewed for urethral pressure profile length, maximal closure pressure, volume at first and strong desire, bladder capacity, the presence of detrusor overactivity, Qmax, Pdet@Qmax, Piso, PVR,
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and valsalva straining to void. Isometric detrusor pressure
(Piso) was obtained in all men via the mechanical stop test
according to standards previously published by the primary
surgeon and other investigators [6–9, 11]. The mechanical stop test was performed by temporarily occluding the
urethra by the surgeon’s hand during the voiding phase of
urodynamic pressure flow evaluation. The mechanical stop
test was performed early after the initiation of flow, shortly
after the patient demonstrated maximum flow. Men were
instructed to continue to void during this phase. Immediately
following occlusion, Pdet typically rises up to a plateau, and
at this point of peak isovolumetric detrusor contraction, Pdet
was recorded as Piso. Detrusor contractile reserve (Pres) was
then calculated by subtracting detrusor pressure at maximum flow from Piso (Pres = Piso − Pdet@Qmax). Additionally,
standard indices were calculated including BOOI and BCI,
with a BCI less than 100 classified as DU [12]. All men
underwent TURP, and operative reports were reviewed for
surgical parameters (estimated blood loss, resected prostate
chip weight) and the presence of anatomic findings (bladder trabeculation, bladder diverticulum, median lobe, lobar
coaptation, intravesical prostate).
Following surgery, men typically underwent void trial
on postoperative day 1. Postoperative surgical records were
reviewed for our primary outcome of interest, the ability
to spontaneously void after surgery without the need for
intermittent catheterization or indwelling catheter. Data
were analyzed for our primary outcome spontaneous voiding after surgery and the binary categorical strata preoperative spontaneous voiding using Chi square (categorical
variables), t test (continuous variables), and receiver operator performance methods (response variable = postoperative spontaneous voiding). Tabulated data are presented
as mean ± standard deviation (SD). A p value < 0.05 was
defined as significant.

Results
Of the 90 men who underwent TURP by a single surgeon
over a 12-month period, there were 43 men (mean age
68 ± SD 7.9) who had preoperative urodynamic tracings
available for review (Table 1). Baseline characteristics
included the use of alpha blockers in 81% (35/43), 5-alpha
reductase inhibitors in 42% (18/43), and anticholinergics
in 14% (6/43). Prior to TURP, 63% (27/43) of men were
emptying their bladder by spontaneous void, 19% (8/43)
were dependent on intermittent catheterization, and 19%
(8/43) required an indwelling catheter for urinary retention. Men who were able to void spontaneously for free
uroflowmetry prior to surgery (n = 27) demonstrated a

mean free uroflow: Qmax 8.8 ± 4.2 mL/s (IQR 6.0–11.0);
voided volume 149 ± 150 mL (IQR 50–303); PVR
139 ± 249 mL (IQR 0–175).
When stratified by preoperative voiding status (Table 1),
the 27 men who were voiding spontaneously had a urodynamic: Pdet@Qmax 102 ± 47 cmH2O (IQR 75–107); Qmax
6.2 ± 2.7 mL/s (IQR 4.0–7.5); and P iso 124 ± 49 cmH2O
(IQR 86–140). These men had a mean BOOI 90 ± 49;
BCI 132 ± 44 and detrusor contractile reserve (P res )
of 22 ± 16 c mH 2O. In the remaining 16 men who were
catheter dependent, all were able to void a small amount
(mean void volume 102 mL) at time of urodynamics with
a mean: Pdet@Qmax 87 ± 38 cmH2O (IQR 68–105); Qmax
3.6 ± 3.3 mL/s (IQR 1.0–4.3); and P iso 99 ± 51 c mH 2O
(IQR 69–121). The group of men who were catheter
dependent had a mean BOOI 82 ± 36; BCI 106 ± 48 and a
detrusor contractile reserve (Pres) of 10 ± 18 cmH2O. When
stratified by preoperative voiding status, the only characteristics which were statistically different between groups
were anticholinergic use (p = 0.011), urodynamic Q max
(p = 0.014), the presence of valsalva voiding (p = 0.024),
and detrusor contractile reserve (p = 0.045).
Men were followed for a mean longest follow-up of
77 ± 85 days. Following TURP, 67% (29/43) of men voided
spontaneously at discharge (Table 2). The remaining 14
men failed their first void trial. When stratified by preoperative voiding status, there was no significant difference
in urodynamic characteristics (Pdet@Qmax, Piso, BOOI, BCI
and Pres) among those men who failed their first void trial,
when stratified by their ability to void prior to surgery. In
the longest follow-up, 95% of men were voiding spontaneously. In the remaining men who were unable to void
spontaneously at longest follow-up, there were no repeat
TURP procedures performed.
To identify urodynamic factors associated with immediate postoperative spontaneous voiding, a receiver operator
analysis was performed for the response variable postoperative spontaneous voiding and the urodynamic measures (Pdet@Qmax, Piso, BOOI, BCI and Pres). The receiver
operator curve was generated for each urodynamic measure (Fig. 2). Threshold levels were then identified which
maximized sensitivity and specificity to the upper left
hand corner of each receiver operator curve (Table 3). Of
all urodynamic measures, isovolumetric detrusor contractile reserve (Pres) was the only measure which was significantly associated with immediate postoperative spontaneous voiding (p = 0.035). This was associated with a P res
threshold ≥ 9 cmH2O. Of the remaining urodynamic measures (Pdet@Qmax, Piso, BOOI and BCI), the BCI trended
to be associated but did not reach statistical significance,
where sensitivity and specificity were maximized at the
threshold of BCI ≥ 120 (p = 0.064).
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Table 1  Characteristics
(baseline, urodynamic, surgical)
stratified by preoperative
voiding status (n = 43)

Overall (n = 43)

Baseline characteristics
Age (years, mean ± SD)
Alpha blocker (n, %)
5-alpha reductase inhibitor (n, %)
Anticholinergic (n, %)
Preoperative spontaneous void (n, %)
Preoperative intermittent catheterization (n, %)
Preoperative indwelling catheter (n, %)
Free uroflow Qmax (mL/s, mean ± SD)
Free uroflow voided volume (mL, mean ± SD)
Free uroflow PVR (mL, mean ± SD)
Preoperative urodynamics
UPP length (mm, mean ± SD)
UPP closure pressure (cmH2O, mean ± SD)
First desire volume (mL, mean ± SD)
Strong desire volume (mL, mean ± SD)
Bladder capacity (mL, mean ± SD)
Detrusor overactivity (n, %)
Qmax (mL/s, mean ± SD)
Pdet@Qmax (cmH2O, mean ± SD)
Piso (cmH2O, mean ± SD)
Valsalva voiding (n, %)
BOOI (Pdet@Qmax − 2 × Qmax, mean ± SD)
BCI (Pdet@Qmax + 5 × Qmax, mean ± SD)
Pres = Piso − Pdet@Qmax (cmH2O, mean ± SD)
Surgical characteristics
Trabeculation (n, %)
Diverticulum (n, %)
Median lobe (n, %)
Bi-lobar coaptation (n, %)
Tri-lobar coaptation (n, %)
Intravesical prostate (n, %)
Estimated blood loss (mL, mean ± SD)
Resected chip weight (g, mean ± SD)

Preoperative spontaneous voiding?
Yes (n = 27)

No (n = 16)

p value

68 ± 7.9
35 (81%)
18 (42%)
6 (14%)
27 (63%)
8 (19%)
8 (19%)
8.8 ± 4.2
149 ± 150
139 ± 249

68 ± 7.6
23 (85%)
11 (41%)
6 (22%)
27 (100%)
–
–
8.8 ± 4.2
149 ± 150
139 ± 249

66 ± 8.3
12 (75%)
7 (44%)
0 (0%)
–
8 (50%)
8 (50%)
–
–
–

0.263
0.446
0.852
0.011
–
–
–
–
–
–

43 ± 15
88 ± 27
226 ± 170
310 ± 190
396 ± 241
31 (72%)
5.2 ± 3.2
97 ± 44
114 ± 50
18 (42%)
87 ± 44
123 ± 46
18 ± 17

45 ± 15
89 ± 29
212 ± 187
289 ± 208
364 ± 245
22 (81%)
6.2 ± 2.7
102 ± 47
124 ± 49
8 (30%)
90 ± 49
132 ± 44
22 ± 16

39 ± 15
86 ± 21
250 ± 140
344 ± 155
450 ± 232
9 (56%)
3.6 ± 3.3
87 ± 38
99 ± 51
10 (63%)
82 ± 36
106 ± 48
10 ± 18

0.385
0.726
0.460
0.323
0.258
0.103
0.014
0.322
0.132
0.024
0.543
0.083
0.045

43 (100%)
4 (9%)
26 (61%)
21 (49%)
20 (47%)
17 (40%)
105 ± 57
18 ± 12

27 (100%)
3 (11%)
17 (63%)
13 (48%)
12 (44%)
8 (30%)
102 ± 57
17 ± 10

16 (100%)
1 (6%)
9 (56%)
8 (50%)
8 (50%)
9 (56%)
112 ± 59
18 ± 16

–
0.583
0.676
0.910
0.734
0.099
0.597
0.775

BCI bladder contractility index, BOOI bladder outlet obstruction index, Pdet@Qmax detrusor pressure at
maximum flow, Piso isovolumetric detrusor contraction pressure, Pres detrusor contractile reserve pressure,
PVR post-void residual, Qmax maximum flow rate, SD standard deviation, UPP urethral pressure profilometry

Discussion
Several efforts have been made to identify non-invasive
measures of lower urinary tract function, which currently
include post-void residual, uroflowmetry, detrusor wall
thickness, near-infrared spectroscopy, and penile compression release [13, 14]. While useful for screening for BOO,
there has been very limited assessment of these measures in
a prospective approach to determine their ability to measure detrusor contractility independent from the degree of
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obstruction. In a recent systematic review of non-invasive
tests for diagnosing BOO in men with lower urinary tract
symptoms conducted by the European Association of Urology [13], Malde et al. identified 42 studies recruiting a total
of 4444 patients for which the diagnostic accuracy of the
index test was assessed using invasive urodynamics as the
reference standard. They found that the difficulty of differentiating DU from BOO arises from the finding that weakening
of the bladder contraction may occur independently of the
presence or absence of BOO; as such, urodynamic pressure
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Table 2  Postoperative follow-up
stratified by preoperative and
postoperative voiding status
(n = 43)

Follow-up (days, mean ± SD)
Immediate spontaneous voiding (mean ± SD)
Pdet@Qmax (cmH2O)
Piso (cmH2O)
BOOI
BCI
Pres (cmH2O)
Failed first void trial (mean ± SD)
Pdet@Qmax (cmH2O)
Piso (cmH2O)
BOOI
BCI
Pres (cmH2O)

Overall

Preoperative spontaneous voiding?

(n = 43)

Yes (n = 27)

No (n = 16)

p value

77 ± 85
(n = 29)
100 ± 46
120 ± 54
89 ± 46
128 ± 50
20 ± 17
(n = 14)
90 ± 39
102 ± 40
81 ± 41
112 ± 38
12 ± 17

79 ± 87
(n = 20)
105 ± 46
127 ± 48
93 ± 47
136 ± 43
22 ± 14
(n = 7)
93 ± 53
114 ± 51
81 ± 57
124 ± 48
21 ± 20

73 ± 84
(n = 9)
90 ± 49
106 ± 66
81 ± 45
112 ± 62
16 ± 22
(n = 7)
87 ± 22
90 ± 24
82 ± 23
100 ± 21
4±7

0.809
0.452
0.402
0.552
0.314
0.439
0.784
0.308
0.967
0.261
0.073

BCI bladder contractility index, BOOI bladder outlet obstruction index, Pdet@Qmax detrusor pressure at
maximum flow, Piso isovolumetric detrusor contraction pressure, Pres detrusor contractile reserve pressure

flow evaluation of the bladder remains the gold standard
for assessing bladder contractility and magnitude of BOO.
In our study of men who underwent urodynamics followed by a de-obstructive outlet procedure, we assessed the
performance of the mechanical stop test in predicting spontaneous voiding following TURP. With an outlet obstruction
alone, a de-obstructive procedure such as TURP is expected
to improve spontaneous voiding, whereas in men who do
not meet the diagnostic criteria for obstruction (BOOI ≤ 40)
and who have a hypocontractile detrusor (BCI < 100), a deobstructive procedure would only address the outlet and do
nothing to improve contractility. These men with a weak
bladder (BCI < 100) are at increased risk of failure to void
spontaneously after TURP. In a recent study published by
Dobberfuhl et al., of 122 men who underwent preoperative
urodynamic evaluation followed by TURP, in those men
with detrusor underactivity (BCI < 100) who were catheter
dependent, 57% of men were still able to recover spontaneous voiding after TURP, and as such may still benefit from
outlet de-obstruction surgery [15]. In our present study, we
found that detrusor contractile reserve (Pres ≥ 9 cmH2O) was
more useful than the other urodynamic indices, and could
serve as a useful binary predictor which may help stratify
men who would be more likely to spontaneously void immediately following TURP.
There are several important points which should be
acknowledged when interpreting and generalizing our
results. First and foremost is the patient selection and small
sample size (n = 43) and potential for surgeon selection bias
towards only assessing the utility of isovolumetric contractility in those men who followed through with TURP.
Despite a relatively small sample, we observed a statistically
significant association between contractile reserve (Pres ≥ 9

cmH2O) and spontaneous voiding following TURP. Preoperative characteristics of our sample need to be considered
when generalizing our findings to other men with urinary
retention who are considering TURP. Additional limitations
of our approach include selection bias, since not all men who
underwent urodynamics received TURP, and not all men
who underwent TURP were followed up at equal intervals
and for equal durations of time after surgery. The strength of
our approach is the simplicity of our primary outcome, the
single surgeon sample and the granularity of detail which
was systematically quantified via direct chart and urodynamic tracing review.
Additional considerations include the effect of preoperative anticholinergics on detrusor contractility, as 6 out of 43
men (16%) were using anticholinergics at baseline. Indications for anticholinergics were for the treatment of overactive bladder, and typically these were discontinued prior
to TURP. Human bladder contraction is mediated mainly
through stimulation of muscarinic receptors in the detrusor
muscle [16]. Anticholinergics are the drugs of choice for
treatment of detrusor overactivity by blocking the effects
of acetylcholine in the urothelial and myocyte signaling
pathway, reducing bladder tone and increasing cystometric
bladder capacity during the storage phase [17, 18]. At high
doses, anticholinergics reduce detrusor contractility during the voiding phase, which could lead to urinary retention [18]. The use of anticholinergics has been shown to
moderately reduce Qmax, Pdet@Qmax, and BCI in short-term
urodynamic studies [19]. Currently, there is insufficient data
on the effect of anticholinergics on parameters such as Piso
and Pres. Our present study was not powered to assess the
isolated effect of anticholinergics on detrusor contractility at
the time of urodynamic pressure flow evaluation.
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Fig. 2  Receiver operator analysis for bladder contractility index
(BCI), bladder outlet obstruction index (BOOI), detrusor pressure at
maximum flow (Pdet@Qmax) and detrusor contractile reserve pressure (Pres = Piso – Pdet@Qmax). Response variable = immediate postoperative spontaneous voiding. AUC area under the curve, BCI blad-

der contractility index, BOOI bladder outlet obstruction index, Pdet@
Qmax detrusor pressure at maximum flow, Piso isovolumetric detrusor
contraction pressure, Pres detrusor contractile reserve pressure, ROC
receiver operator curve

Table 3  Cutpoint analysis of
urodynamic factors associated
with immediate postoperative
spontaneous voiding

Sensitivity/specificity

Likelihood ratios

ROC analysis

Sn

Sp

LR+

LR−

ROC AUC

p value

0.621
0.655
0.448
0.586
0.759

0.714
0.643
0.786
0.786
0.643

2.172
1.834
2.092
2.736
2.124

0.531
0.536
0.702
0.527
0.375

0.617
0.615
0.569
0.656
0.681

0.181
0.188
0.436
0.064
0.035

Threshold level

Pdet@Qmax
Piso
BOOI
BCI
Pres

81 cmH2O
100 cmH2O
86
120
9 cmH2O

AUC area under the curve, BCI bladder contractility index, BOOI bladder outlet obstruction index,
LR + positive likelihood ratio, LR− negative likelihood ratio, Pdet@Qmax detrusor pressure at maximum
flow, Piso isovolumetric detrusor contraction pressure, Pres detrusor contractile reserve pressure, ROC
receiver operator curve, Sn sensitivity, Sp specificity
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In our study of men who underwent urodynamics followed by TURP, we found that Pres ≥ 9 cmH2O was associated with a significant probability of spontaneous voiding following TURP. Compared to other methods that have
been associated with outcomes in men following TURP
(post-void residual, uroflowmetry, detrusor wall thickness,
near-infrared spectroscopy, and penile compression release
[13, 14]), the mechanical stop test and detrusor contractile
reserve calculation achieved similar sensitivity, specificity
and predictive values. The mechanical stop test may be easily performed at the time of preoperative urodynamics, and
the result incorporated into the postoperative management
algorithm. Given the simplicity of performing the mechanical stop test during the voiding phase of urodynamics, future
clinical research should prospectively evaluate the utility of
measuring isovolumetric contractile reserve at the time of
urodynamics in men considering a de-obstructive procedure
and use Pres to select men in whom an outpatient void trial
would be a more efficient use of resources.

Conclusions
In men who underwent TURP, a Pres ≥ 9 cmH2O was associated with immediate spontaneous voiding. Our findings may
be easily incorporated into the postoperative care pathway
by helping to set postoperative expectations and identify
men who are more likely to void spontaneously immediately after surgery.
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