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refractory LUTS, and transurethral resection of the prostate
(TURP) is the procedure of choice for the majority of men
with BPH/LUTS, especially for prostate volumes between
30 and 80 mL (1).
Despite all the technological and technical improvements
since the initial TURP descriptions almost a century ago
(3), there is still controversy regarding the need for a
complete prostatic tissue resection. Although some litera-
ture recommends a total removal of the adenomatous tis-
sue (4), a relevant body of research supports the thesis
that a complete adenoma resection may not be essential,
with similar post-operative results with or without it (6).
Similarly, a relationship between the amount of resected
prostate and the outcomes of the surgery has been pur-
sued, yet no correlation has been found between these
two variables, neither in smaller (< 40 g) nor in larger
(> 40 g) prostates (6).
TURP is especially effective when bladder outlet obstruction
(BOO) due to Benign Prostatic Obstruction (BPO) is the
main cause for the patient’s LUTS. A satisfactory surrogate
marker for the severity of BOO may however be obtained
with urinary flow rate studies, as stated by the Siroky-
Liverpool nomograms, in which maximum flow rate (Qmax)
and bladder volume are used to predict BOO (7). 
Furthermore, a recent randomized controlled trial was
not able to prove a benefit in performing urodynamic
studies in men with LUTS, since surgical treatment was
necessary in around 37% of patients irrespectively of per-
forming urodynamic studies (8). 
Although considered a safe procedure, sexual side effects
after TURP are still an important issue, with 60-70% of
patients reporting retrograde ejaculation, and up to 6.5%
complaining of erectile dysfunction (9). Other side effects
include early urge-incontinence, even though late stress
incontinence is rare (0.5%) (10). In recent years, new
approaches to TURP have been developed, aiming at the
reduction of morbidity while maintaining the benefits of
the procedure. In that regard, ejaculation preserving tech-
niques are a promising development, with reports of ante-
grade ejaculation at 3 months post-op in around 90% of
patients undergoing ejaculation preserving TURP
(epTURP), with symptomatic and functional outcomes
similar to the classic technique (11, 12). A vaporization
technique using laser (LEST) has also been described,
with antegrade ejaculation maintained in up to 80% of
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INTRODUCTION
Benign prostatic hyperplasia (BPH) is one of the most com-
mon causes of lower urinary tract symptoms (LUTS) in
men. Current international guidelines recommend a step-
wise approach to the treatment of BPH/LUTS (1). 
However, surgery remains the gold-standard in severe or
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patients (13). To our knowledge, no diagnostic feature
has been firmly established as a predictor for TURP out-
comes. However, the results of this procedure are het-
erogenous, with studies reporting a failure in sympto-
matic relief in around 12% of patients (14), raising the
possibility that such predictors exist, at least for some
patients. These may nevertheless be statistically concealed
in the published studies, due to the analysis of the stud-
ied populations as a whole, irrespective of important fac-
tors such as BOO severity (5). Therefore, the aim of this
study is to analyze whether pre-operative BOO severity
may affect a possible influence of prostate resected weight
in TURP outcomes.

METHODS
We conducted a retrospective analysis of patients submit-
ted to TURP in a university hospital between February
2011 and November 2015. Exclusion criteria were previ-
ous LUTS surgery, prostate cancer, urethral stricture or
voided volumes < 125 mL in uroflowmetry. Pre-operative
data was retrieved, including clinical history, comorbid
conditions, medications, uroflowmetry and prostate vol-
ume (determined by transrectal ultrasound). Post-opera-
tively, weight of the resected dry specimen and post-oper-
ative uroflowmetry values were considered. As a second
measure of depth of resection, and in order to evaluate a
possible influence of pre-operative prostate size, a ratio
between the absolute resected prostate weight and
prostate volume measured via ultrasound was calculated,
henceforth referred to as “percentage of resected weight”.
All patients were diagnosed with BPH/LUTS refractory to
medical treatment with alfa-blockers and/or 5-alfa reduc-
tase inhibitors (5-ARI). Surgery was performed by 5 dif-
ferent urologists using monopolar or bipolar standard 26-
French resectoscopes (Karl Storz®), depending on sur-
geon preference. The resected tissue underwent fixation
with Formalin 10% and was weighted using precision
scales in the Pathology laboratory before routine histolog-
ic analysis. Bladder catheters were removed 2 to 3 days
after the procedure and the patients discharged following
spontaneous micturition. Post-operative uroflowmetry
was performed 4-6 weeks after surgery.
Patients were stratified in two groups according to pre-
operative Qmax, following the Siroky-Liverpool nomo-
grams, which define a cut-off value of 10 mL/s as a very
strong predictor of BOO (≤ 2 standard deviations of the
mean for a voided volume ≥ 125 mL) (7, 15). The first
group was comprised of patients with pre-operative Qmax
< 10 mL/s, and the second included patients with pre-
operative Qmax ≥ 10 mL/s. Statistical analysis was per-
formed using non-parametric tests as appropriate (given
the non-normality of the distributions as determined by
Kolmogorov-Smirnov tests) with IBM SPSS® 27.0.
Since the present study was performed in a retrospective
fashion, no informed consent was required. Complete
anonymity of all patients was, however, ensured.

RESULTS
A total of 185 patients were included, with a mean age of
58.5 (± 7.2) years and a mean pre- and post-operative

Qmax of 8.8 ± 3.6 and 14.9 ± 7.2 mL/s, respectively.  The
mean change in Qmax after surgery was 6.2 ± 7.1 mL/s.
Other demographic and clinical characteristics are dis-
played in Table 1. 
In the whole sample analysis, no statistically significant
correlations were found between absolute resected
prostate weight or percentage of resected weight and
post-operative Qmax (r2 = 0.019, p = 0.063 and r2 = 0.019,
p = 0.064, respectively). Similarly, the pre/post-operative
difference in Qmax showed no correlation with the resec-
tion weight (r2 = 0.006, p = 0.290) or the percentage of
resected prostate weight (r2 = 0.006, p = 0.283).
When stratifying patients into two groups according to
pre-operative Qmax < 10 mL/s (n = 121) and ≥ 10 mL/s (n

Table 1. 
Patient characteristics.

Mean ± SEM Median ± IQR Range

Age (y) 58.5 ± 0.53 59 ± 9 37-77

Prostate volume (mL) 51.78 ± 1.13 50 ± 22.5 25.0-103.0

Uroflowmetry Qmax
Pre-op (mL/s) 8.78 ± 0.26 8.3 ± 5 2.0-18.0
Post-op (mL/s) 14.9 ± 0.53 14 ± 10.3 2.0-45.0
Difference (mL/s) 6.2 ± 0.52 5.6 ± 9 -7.2-34.8

Resected weight (g) 7.7 ± 0.40 6 ± 5.5 0.4-28.0

PRW (%) 15.2 ± 0.74 13 ± 11.5 1.0-54.0

Frequency comorbid conditions
Diabetes mellitus (n %) 16 (8.8)
Neurologic disease (n %) 8 (4.3)
Previous AUR (n %) 14 (7.7)

Medications
Anti-cholinergic (n %) 8 (4.4)
Alfa-blocker (n %) 170 (92.9)
5-ARI (n %) 115 (62.8)

SEM: Standard error of the mean; IQR: Interquartile range; PRW: percentage of resected weight; 
AUR: Acute urinary retention; 5-ARI: 5-alfa reductase inhibitor.

Table 2. 
Group characteristics comparison.

Pre-operative Qmax N = 121
< 10 mL/s ≥ 10 mL/s P-value
(N = 121) (N = 64)

Age (y) mean (SEM) 59.0 (2.7) 57.5 (2.6) 0.097†

Prostate volume (ml) mean (SEM) 51.4 (4.0) 52.4 (3.8) 0.540†

Uroflowmetry Qmax
Pre-op (ml/s) mean (SEM) 6.6 (1.4) 12.8 (1.5) 0.000†
Post-op (ml/s) mean (SEM) 14.3 (2.7) 16.2 (2.6) 0.028†
Difference (ml/s) mean (SEM) 7.7 (2.5) 3.4 (2.3) < 0.001†

Resected weight. g. mean (SEM) 7.5 (2.4) 8.0 (2.1) 0.106†

PRW. %. mean (SEM) 14.8 (3.2) 16.0 (3.1) 0.109†

Comorbid conditions
Diabetes mellitus (n %) 9 (7.4) 7 (10.9) 0.432‡
Neurologic disease (n %) 5 (4.1) 3 (4.7) 0.860‡
Previous AUR (n %) 9 (7.4) 5 (7.8) 0.928‡

Medications
Anti-cholinergic (n %) 3 (2.5) 5 (7.8) 0.087‡
Alfa-blocker (n %) 110 (90.9) 60 (93.8) 0.372‡
5-ARI (n %) 74 (61.2) 41 (64.1) 0.650‡

SEM: Standard error of the mean; PRW: percentage of resected weight; AUR: Acute urinary retention; 
5-ARI: 5-alfa reductase inhibitor.
†: Mann-Whitney test; ‡: Chi-square test; significant differences are highlighted in bold.
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= 64), no differences in demographic or clinical charac-
teristics were found, with the exception of post-operative
Qmax and Pre/post-operative difference in Qmax (Table 2).
Post-operative maximum flow was superior in patients
with already higher pre-operative Qmax (16.2 mL/s vs 14.3
mL/s, p = 0.028). Both groups showed a significant
increase in Qmax post-operatively when compared to
baseline maximum flow, although this increase was high-
er in the group with pre-operative Qmax < 10 mL/s (7.7
mL/s vs 3.4 mL/s, p < 0.001).
In the group of patients with pre-operative Qmax < 10
mL/s, post-operative Qmax was correlated with absolute
resected prostate weight (r2 = 0.038, p = 0.032), as well
as with percentage of resected prostate weight (r2 = 0.051,
p = 0.013). In these patients, the difference in pre/post-
operative Qmax was also strongly associated with absolute
resected prostate weight (r2 = 0.036, p = 0.037) and per-
centage of resected prostate weight (r2 = 0.040, p =
0.029) (Figures 1, 2).
Neither of the above-mentioned correlations were estab-
lished in the group of patients with pre-operative Qmax

≥ 10 mL/s. Absolute resected prostate weight and per-
centage of resected prostate weight were not associated
with post-operative Qmax (r2 = -0.033, p = 0.796 and r2 =
-0.009, p = 0.458, respectively), nor with peri-operative
change in Qmax (r2 = 0.009, p = 0.463 and r2 = -0.018, p =
0.294, respectively) (Figures 1, 2).

DISCUSSION
Although many new techniques have evolved in recent
years regarding the surgical management of BPH/LUTS,
TURP remains as the gold-standard surgical therapy in
most men with prostatic volume between 30-80 mL (16).
However, the extension of adenoma resection is under
debate, since some studies reported similar outcomes
between complete and partial adenoma resection (6).
The outcome of surgical treatment of BPH depends on
many factors, both related and unrelated to the surgical
procedure itself. Recent studies analyzed the applicability
of machine learning in predicting these outcomes (17).
Symptomatic relief achieved following TURP is the pri-

Figure 1. 
Post-operative Qmax (mL/s) per absolute resected weight in patients with pre-operative Qmax < 10 mL/s and ≥ 10 mL/s.

Figure 2. 
Post-operative Qmax (mL/s) per Percentage of resected weight in patients with pre-operative Qmax < 10 mL/s and ≥ 10 mL/s.
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mary goal of this procedure and is best measured through
symptom scores, such as the International Prostate
Symptom Score (IPSS). IPSS was found to be correlated
with other clinical parameters, such as Qmax (18). Pre-
and post-operative improvement in uroflowmetry is
therefore commonly used as an objective method for sur-
gical effectiveness assessment (16). In agreement with
previous studies, our analysis failed to find an association
between the extension of adenoma resection and post-
operative outcomes in the whole sample analysis.
Similarly to the present study, other reports explored the
influence of pre-operative prostate volume in this correla-
tion, yet no differences were noted (6). These studies con-
cluded that post-operative clinical and symptomatic
improvement was not impacted by the resected volume.
The same conclusion was obtained through a different line
of investigation. With the intent of avoiding sexual side-
effects of TURP, recent surgical techniques have been
developed, which include the epTURP, in which pre and
paracollicular tissue is spared (11). Although not formally
measured, the preservation of some prostatic tissue results
in an expected decrease of resected weight. In the available
literature, the outcomes (IPSS, Qmax, voided volume and
post-void residual) of epTURP are reported as similar to
the classic technique, implying that an incomplete adeno-
ma resection may be a viable option (12). However, fur-
ther studies are necessary to confirm these results, espe-
cially since long-term surgical outcomes of this procedure
are scarcely reported, with only one available study report-
ing favorable results at a follow-up of 60 months (11).
Although BOO diagnosis may only be obtained through
pressure/flow studies, maximum flow rate obtained via
uroflowmetry is much more frequently used, due to its
availability, reduced invasiveness and cost, when com-
pared to urodynamic studies (19). Furthermore, the recent
UPSTREAM trial did not prove an advantage in perform-
ing urodynamic tests in men with BPH/LUTS, showing
similar surgery rates, as well as clinical outcomes in both
arms of the study (8). While of unquestionable usefulness
in certain patient groups, pressure/flow studies seem not
to add value in the diagnostic process of the majority of
non-neurogenic male LUTS, in which cases uroflowmetry
might be enough to diagnose BOO. In fact, Siroky-
Liverpool uroflowmetry nomograms predict this condition
with great efficacy using bladder volume and maximum
flow rate. As stated by the authors, a Qmax < 10 mL/s is a
strong predictor of a clinically relevant BOO for bladder
volumes of 125 mL or higher (7). More recent investiga-
tions reported that around 90% of men with a severe BOO
(grade III-VI - Schäfer classification (20, 21) had a Qmax
< 14 mL/s on uroflowmetry, whereas only 6% of all men
with a low-grade BOO (Grade I-II) had a Qmax < 10 mL/s
(22). Furthermore, a recent study reported that men with
Qmax < 10 mL/s were more likely to develop an acute uri-
nary retention episode (hazard ratio: 5.6) when compared
to men with Qmax ≥ 10 mL/s (23). This cut-off value was
thus used to dichotomize between patients considered as
severely obstructed (Qmax < 10 mL/s) and patients with
mild to moderate voiding dysfunction (Qmax ≥ 10 mL/s).
The influence of the extent of prostatic resection in TURP
outcomes has been the scope of some research. However,
to our knowledge this is the first analysis of the influence

of pre-operative Qmax in this relationship. In fact, none of
the above-mentioned studies could certify the presence of
BOO as a cause for LUTS, since none report urodynamic
tests. Therefore, it is possible that some patients in these
analyses were actually not suffering from true BOO.
Our analysis suggests that in patients with pre-operative
Qmax < 10 mL/s, a more thorough resection of the prostate
is associated with better surgical outcomes. This associa-
tion was not present in patients with pre-operative Qmax
≥ 10 mL/s, although surgery was beneficial in both groups.
As suggested by other authors, prostate initial volume
could play a role in this relationship, since a larger amount
of tissue may need to be resected in order to treat BOO in
larger rather than in smaller prostates. However, no such
influence seems to exist, as the ratio between resected
weight/prostate volume is similarly correlated with post-
operative Qmax only in the group of patients with pre-
operative Qmax < 10 mL/s. Similar findings were previous-
ly reported by another study (6).
These results suggest that severely obstructed patients may
profit from a complete adenoma resection. Conversely,
men with higher maximum flow rates may be good candi-
dates for techniques with less morbidity, such as epTURP.
If further studies confirm our results, surgeons should be
encouraged to adapt their TURP technique to the patients’
pre-operative clinical details and expectations concerning
surgical side effects, in a patient-tailored way. 
The present study has several limitations. First, the retro-
spective design may be a source of bias. Second, we did
not consider symptom scales such as IPSS in our analysis,
mainly due to a high level of missing data. Even though
previous studies proved a high correlation between maxi-
mum flow rate and IPSS (18), LUTS grading and change
after surgery would have been of great value in the analy-
sis. Another source of relevant information would be uro-
dynamic studies, which in our center are not routinely
performed to all men with BPH/LUTS. Furthermore, in
our study, the resected prostate weight was measured in
the Pathology laboratory after fixation with formaldehyde,
using precision scales. This fixation method results in a
considerable reduction in specimen weight, and therefore
this parameter, while valid for analysis within our studied
group, is not directly comparable to previous studies (24). 
In conclusion, our analysis suggests that patients with pre-
operative Qmax < 10 mL/s undergoing TURP benefit from
a complete adenoma resection, since resected prostate
weight is directly correlated to post-operative Qmax and
pre/post-operative difference in Qmax. The same does not
apply for patients with pre-operative Qmax ≥ 10 mL/s, in
which post-operative Qmax and Qmax improvement after
surgery are independent of resected prostate weight. Our
results suggest that men with higher pre-operative Qmax
may do well with less thorough prostate resections, poten-
tially avoiding important side-effects of TURP.
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