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Study Type – Prognosis (case series)
Level of Evidence 4
OBJECTIVE
To evaluate the effect of prostate weight on
perioperative, functional and oncological
outcomes after laparoscopic radical
prostatectomy (LRP).
PATIENTS AND METHODS
Between January 2003 and January 2006, 327
patients had LRP by one surgeon, 193 of
whom were available for analysis. Patients
were stratified into three groups on the basis
of pathological prostate weight, i.e. ≤30,
30–75 and ≥75 g. Perioperative, oncological
and functional (continence and potency at
1 year) outcomes were compared among the
three groups.
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subgroups were comparable in age, body
mass index, preoperative prostate-specific
antigen level, preoperative Gleason score,
clinical stage, operative duration, length of
hospital stay, duration of catheterization,
biochemical recurrence and continence after
LRP. In the patients with a prostate of ≤30 g
there was a higher incidence of positive
margins (39% vs 16% vs 27%; P = 0.03) and
inferior 1-year potency (47% vs 75% vs 79%;
P =0.04), respectively. Estimated blood loss
increased with increasing prostate size (204
vs 256 vs 340 mL; P = 0.01).
CONCLUSIONS
Prostate size has no effect on continence or
biochemical recurrence at 1 year after LRP,
but affects intraoperative blood loss, potency
and surgical margins. More patients with a
longer follow-up are needed to confirm these
findings.

RESULTS

KEYWORDS

Of the 193 patients the prostate was ≤30 g in
18 (9%), 30–75 g in 131 (68%) and ≥75 g in
44 (23%); the mean prostate weight was
27, 49 and 98 g in the three subgroups,
respectively. At presentation, 144 patients
(75%) had T1c disease, 159 (82%) were potent
and 187 (97%) were continent. Unilateral
nerve-sparing was done in 37 (19%) and
bilateral in 114 (59%) patients. The three

prostate weight, radical prostatectomy,
laparoscopy, outcomes

INTRODUCTION
Laparoscopic radical prostatectomy (LRP) was
introduced in 1992 [1] and the procedure
gained popularity towards the turn of the last
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century [2]. The introduction of PSA screening
has led to the increased detection of organconfined prostate cancer, with improved
oncological outcomes [3]. Interestingly, as the
detection of impalpable organ-confined
cancer has increased, the mean prostate
volume at diagnosis has also increased [4].
This could be due to the effect of BPH on
serum PSA levels, resulting in the selection of
men with larger prostates for biopsy [4].
A large prostate might limit treatment
choices, as patients are often rendered
unsuitable for radiation therapy. Large
glands might be associated with increased
vascularity and blood loss during surgery. It
has been postulated that larger prostates
could be associated with an increased
incontinence rate, possibly because the large
gap between the bladder and urethra after
removing a large prostate could result in
tension on the anastomosis [5].
The impact of prostate volume in series of
open radical retropubic prostatectomy (ORP)
was reported previously [6,7], but to our
knowledge, only two studies have assessed
the effect of prostate size on the outcomes
after LRP [5,8]. However, these studies have
some limitations, as they mainly examined
the perioperative and short-term outcomes
after LRP.
Thus the primary aim of the present study
was to assess the effect of prostate weight
on the oncological and functional outcomes
at 1 year after LRP, i.e. surgical margin
status, biochemical recurrence, continence,
and erectile function. The secondary
outcome measures were operative duration,
estimated blood loss (EBL), length of hospital
stay (LOS) and duration of catheterization
after LRP.
PATIENTS AND METHODS
Between January 2003 and January 2006, 327
patients had a transperitoneal LRP by one
surgeon (I.S.G.). Patients with previous
hormonal therapy (33), an inadequate followup and/or incomplete functional data (101),
were excluded from the analysis. This resulted
in 193 evaluable patients. The transperitoneal
LRP technique was reported previously [9].
Patient data maintained prospectively in our
LRP registry were analysed for this study, with
Institutional Review Board approval. The
following data were extracted from the
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Variable
Mean (SD, range)
BMI, kg/m2
age, years
preop PSA level, ng/mL
Biopsy Gleason score
n (%):
Biopsy Gleason score
6
7
8–10
Clinical stage
T1c
T2a
T2b
Potent before LRP
Yes
No
Continent before LRP
Yes
No
LRP
Mean (SD, range)
operative duration, min
EBL, mL
days to catheter removal
LOS, h
n (%):
use of TRUS
Nerve-sparing
unilateral
bilateral
none
PLND
Yes
No
Biochemical recurrence
Continent 1 year after LRP
Potent 1 year after LRP

TABLE 1
The overall baseline
demographics of the 193
patients, and the
perioperative, biochemical
and functional outcomes

Value
27 (3.6, 15–40)
59 (6.4, 44–73)
5.8 (3.0, 1.0–15.8)
6.2 (0.49, 6–8)

146 (76)
45 (23)
2 (1)
144 (75)
43 (22)
6 (3)
159 (82)
34 (18)
187 (97)
6 (3)

243 (67.5, 135–505)
268 (159.7, 75–800)
8 (6.9, 2–30)
38 (18.2, 18–113)
58 (30)
37 (19)
114 (59)
42 (22)
112 (58)
81 (42)
4 (3)
182/187 (97)
117/159 (74)

database: patient age, body mass index (BMI),
preoperative PSA level, clinical cancer stage,
biopsy Gleason score, preoperative erectile
function status, preoperative continence
status, operative duration, EBL, use of TRUS
during surgery, nerve-sparing technique,
pelvic lymph node dissection (PLND), LOS,
duration of catheterization, positive surgical
margin (PSM) status, and biochemical
recurrence, continence and erectile function
status at 1 year after LRP.
Prostate weight is reported as the weight of
the gross specimen, as determined by the
pathologist. Focal PSM was defined as the
presence of one focus of cancer cells at the
inked margin. Extensive PSM was defined as

the presence of multiple foci of cancer cells
over a large area at the inked margin. Cancer
volume was defined as ‘low’ when the tumour
volume was <0.5 mL, ‘medium’ when
0.5–2.0 mL and ‘extensive’ when >2.0 mL.
Biochemical recurrence was defined as a PSA
level of >0.2 ng/mL after LRP. Continence
after surgery was defined as being pad-free,
according to a validated symptom
questionnaire. Erectile function was
considered normal (potent) after LRP if the
Sexual Health Inventory for Men (SHIM) score
was ≥22 in patients who were previously
potent (SHIM score ≥ 22) [10].
The 193 evaluable patients were stratified
according to prostate weight into three
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TABLE 2 Perioperative outcomes, and the functional and oncological outcome, stratified by prostate
weight
Variable
Mean (SD)
prostate weight, g
EBL, mL
LOS, h
op. duration, min
catheterization, days
Functional and oncological
n (%):
potent
potent after UNS
potent after BNS
continent
PSM

≤30 g

30–75 g

≥75 g

P

26 (2.8)
204 (102.6)
39 (21.3)
240 (76.3)
7.3 (4.8)

49 (10.1)
256 (146.5)
34 (14.1)
240 (67.2)
8.4 (7.4)

98 (19.3)
340 (207.3)
41 (19.1)
256 (64.6)
8.6 (5.5)

0.89
0.01
0.12
0.42
0.09

27/34 (79)
8/11
15/22 (68)
41/42 (98)
12/44 (27)

0.04
0.47
0.65
0.69
0.03

7/15
1/3
6/10
16/17 (94)
7/18 (39)

83/110 (75)
14/23 (61)
60/82 (73)
125/128 (98)
21/131(16)

(U)(B)NS, (unilateral) (bilateral) nerve-sparing.

Variable
Mean (SD, range) pathological
Gleason score
n (%)
Pathological Gleason score
≤6
7
8–10
Final pathological stage
pT2
pT3a
pT3b
Cancer volume
low
medium
extensive
Mean (SD, range) specimen weight, g
≤30
30–75
≥75
PSM
focal
extensive
in patients with TRUS used
Extracapsular extension
Seminal vesicle involvement

groups, i.e. small prostate, ≤30 g; moderate,
30–75 g; and large, ≥75 g. Data for
continence and erectile function after LRP
were prospectively collected and recorded on
self-administered questionnaires during the
follow-up. Outcomes were analysed using a
one-way ANOVA single-factor test, with
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Value
6.7 (0.53, 6–9)

TABLE 3
The pathological data

49 (25)
140 (73)
4 (2)
134 (70)
51 (26)
8 (4)
56 (29)
104 (54)
33 (17)
58 (26.1, 20–164)
18 (9)
131 (68)
44 (23)
40 (21)
29 (15)
11 (6)
6 (10)
58 (30)
8 (4)

P < 0.05 considered to indicate statistical
significance.
RESULTS
The baseline demographics are outlined in
Table 1; most patients (76%) had a Gleason

score of 6 and 75% were diagnosed with
clinical T1c disease. Functionally, 159 patients
(82%) were potent and 187 (97%) were
continent. The mean (SD, range) operative
duration was 243 (67.5, 135–505) min and
the EBL was 268 (159.7, 75–800) mL. TRUS
guidance was used in 58 patients (30%), a
unilateral nerve-sparing procedure in 37
(19%) and a bilateral procedure in 114 (59%).
Complications occurred during LRP in five
patients (inferior epigastric artery injury in
two, dorsal vein bleeding in three) and after
LRP in 12 (blood transfusion in three,
prolonged ileus in three, prolonged drainage
in three, facial oedema in one, severe
diarrhoea in one, and atelectasis in one). The
overall perioperative, biochemical and
functional data are also detailed in Table 1.
Perioperative outcomes stratified by prostate
weight are shown in Table 2; the mean
prostate weight was 27, 49 and 98 g in the
three subgroups, respectively. There was a
statistically significant difference in mean EBL
among the three subgroups, with a trend to
more blood loss with increasing prostate
weight (P = 0.01). However, the mean
LOS, operative duration and duration of
catheterization were similar.
The pathological data are shown in Table 3;
the mean Gleason score after LRP was 6.7 and
134 patients (70%) had pT2 disease on final
pathology, with 104 having a ‘medium’ cancer
volume (54%). The mean prostate gland
weight on final pathology was 58 g. Stratified
by weight, 18 patients (9%) had a small, 131
(68%) had a moderate and 44 (23%) had a
large prostate. PSM were present in 40
patients (21%), and were focally positive in
29 (15%) and extensively positive in 11 (6%).
TRUS navigation reduced the overall PSM rate
to 10% (P = 0.03).
Functional and oncological outcomes
stratified by prostate weight are also shown
in Table 2; the potency rate at 1 year was
evaluated in 159 previously potent patients,
where 15 (9%) had small, 110 (69%) had
moderate and 34 (22%) had large prostates.
Stratified by prostate size, seven of 15
patients with small prostates were potent at
1 year after LRP, vs 83 (75%) with moderate
vs 27 (79%) with large prostates (P = 0.04).
However, a subset analysis of patients who
had nerve-sparing procedures (unilateral or
bilateral) showed no significant difference
among the groups. Overall, 182 (97%) of 187
patients continent before LRP were continent

2 0 07 T H E A U T H O R S

JOURNAL COMPILATION

©

2 0 07 B J U I N T E R N AT I O N A L

591

F R OTA ET AL.

TABLE 4 Studies of the effect of prostate size on EBL, continence, potency and PSM, with the authors’ explanation of the findings

Study
Present

No. of
patients
193

Approach
Laparoscopic

EBL
Higher in LP Increased
vascularity

Continence
No correlation

[5]

400

Laparoscopic

No correlation

No correlation

Potency
Better in LP Clear definition
of prostate contour;
precise anatomical
dissection of NVB
No correlation

[8]
[6]
[7]

62
440
1024

Laparoscopic
Open
Open

NA
No correlation
No correlation

NA
No correlation
No correlation

[11]

375

No correlation
NA
Higher in LP Increased
vascularity
No correlation

No correlation

No correlation

Robotic

PSM
Higher in SP Indistinct tissue planes
around small fibrous prostates LP
more likely to have biopsy, leading
to diagnosis of more indolent tumours
Higher in SP LP had more biopsies leading
to diagnosis of more indolent tumours
No correlation
No correlation
Higher in SP Prostatovesical and prostatourethral junctions less distinct in SP
Higher in SP No explanation

SP, small prostate; LP, large prostate; NA, not available; NVB, neurovascular bundle.

at 1 year afterward. Notably, the mean (range)
age of incontinent patients was 60 (52–67)
years and the mean prostate weight was
70 (44.5–103.5) g. There was a biochemical
recurrence in only four patients (3%) at
1 year, and therefore reliable intergroup
comparisons could not be made. Half of the
patients with biochemical recurrence had
PSM after LRP and their mean prostate weight
was 43 (39–49) g. In those with a small
prostate there was a high incidence of PSM
(39% vs 16% vs 27%; P = 0.03).
DISCUSSION
Several studies have analysed the effect of
prostate volume on the functional and
oncological outcomes after ORP, but only two
studies evaluated the effect of size on the
outcomes of LRP. One of these studies
comprised 62 patients, where large prostates
were defined as being >50 g, but with no
detailed analysis of functional outcomes.
Prostate size had no significant effect on PSM,
operative duration, EBL or LOS [8]. The other
LRP study had included many patients (400),
but the functional outcomes were limited
by direct patient interview at follow-up
appointments, rather than the use of a
validated function questionnaire. Larger
prostates (≥75 g) were associated with
fewer PSM, while blood loss, LOS and
catheterization were unaffected by prostate
size [5]. A recent study [11] evaluated the
effect of prostate weight on outcomes
after robotically assisted laparoscopic
prostatectomy (RALP). The authors reported a
trend of increasing PSM in smaller glands,
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while perioperative outcomes (operative
duration, EBL, transfusion rate, LOS,
catheterization), sexual function and
continence, were not affected by prostate
weight [11].
In the present study, we evaluated the
functional outcomes with validated
questionnaires in 193 patients. We excluded
patients operated during our early experience,
as LRP requires prolonged training (50–100
cases) [12]. Patients with <1 year of follow-up
were also excluded. Of 327 patients who had
LRP between January 2003 and January
2006, we excluded those with neoadjuvant
hormonal therapy and an incomplete followup or functional data.
We used pathological specimen weight as a
measure of prostate size [13]. There is no
consensus about stratification according to
prostate size; we based our categorization on
previous studies [6,14,15] to classify a small
prostate as ≤30 g, moderate as 30–75 g
and large as ≥75 g. We found no effect of
prostate size on LOS and the duration
of catheterization. The most common
intraoperative complication associated with
ORP is blood loss; the EBL was significantly
and directly related to the prostate volume in
ORP studies. In our experience the mean
overall EBL was 268 mL. Contrary to the
findings of other LRP [7,8] series of the effect
of prostate size, there was a significant
association between EBL and gland size in the
present study; larger glands might be
associated with increased blood loss possibly
because of increased vascularity.

El-Feel et al. [12] reported significantly longer
surgery in patients with large prostates
during LRP. Contrary to these findings, we
found no relationship between operative
duration and prostate weight. The operative
duration is probably more dependent on
factors such as surgeon experience, whether
or not PLND is performed, and the quality of
nerve sparing.
During LRP for large prostates, some technical
issues could affect the outcomes. The space
between the prostate apex and urethra might
be difficult to visualize, resulting in a short
urethral stump for the anastomosis. We found
no effect of prostate size on the return to
continence, and the present study confirms
the findings of other reports [8,16–18] in this
regard. The overall PSM rate was 39%, 16%
and 27% for small, moderate and large
prostates, respectively. Secin et al. [19]
reported similar findings; a prostate volume
of ≤30 g was associated with a greater risk of
PSM after LRP. This could be attributed to the
possibility of indistinct tissue planes around
small fibrous prostates. We agree with Chang
et al. [5], who reported that larger prostates
had smaller tumour volumes, probably
because these glands had more biopsies
taken and were possibly diagnosed with
more indolent tumours. Notably, when we
used intraoperative TRUS navigation the
overall PSM of 21% decreased to 10%,
commensurate with the findings of Ukimura
et al. [20].
The present minimum follow-up was
12 months, in contrast to other LRP studies
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that evaluated the effect of prostate size over
a shorter period. We found a 3% rate of
biochemical recurrence at 1 year. These low
values could be attributed to the type of PSM,
which were focal in 15% and extensive in 5%.
Focal PSM are unlikely to contribute to
biochemical recurrence at 1 year of followup, and these results should be validated over
the long-term.

REFERENCES

It has been postulated that in larger prostates
the neurovascular bundles are displaced
posteriorly and might be obscured by the
prostate, making them prone to injury [21].
The present results do not support this
hypothesis; the potency rates were 79%, 75%
and 47% at 12 months for large, moderate
and small prostates, respectively (P = 0.04).
This could possibly be due to a better
definition of the prostate contour in men with
larger prostates, allowing more precise
anatomical dissection of the neurovascular
bundle. As expected, potency was better with
bilateral nerve-sparing (71%) than unilateral
nerve-sparing (61%; P = 0.31). When
stratified by prostate size there was no
significant difference in potency outcomes
based on unilateral or bilateral nerve sparing.
Table 4 [5–8,11] shows the present results
compared with other LRP, ORP and RALP
studies of the effect of prostate size on EBL,
continence, PSM and potency.

3

The limitations of the present study are
inherent in its retrospective nature. In
addition, there were fewer patients with the
extremes of prostate weight than in those
with a moderate prostate, limiting the power
of the study. Nevertheless, our results
represent a comprehensive evaluation of the
effect of prostate weight on the perioperative,
functional and oncological outcomes after
LRP in a large group of patients.

1

2

4

5

6

7

8

9

10
In conclusion, prostate size had no effect
on operative duration, LOS, duration of
catheterization, continence and biochemical
recurrence at 1 year after LRP. The mean
EBL was significantly higher with larger
prostates. Contrary to previous findings,
potency was better in men with larger
prostates; PSM were more common with
smaller prostates. More patients and a longer
follow-up are needed to confirm these
findings.
CONFLICT OF INTEREST

11

12

13

None declared.

©

Schuessler WW, Kavoussi LR, Clayman
RV, Vancaille TH. Laparoscopic radical
prostatectomy: initial case report. J Urol
1992; 147: 246A
Guillonneau B, Vallancien G.
Laparoscopic radical prostatectomy: the
Montsouris experience. J Urol 2000; 163:
418–22
Han M, Partin AW, Piantodosi S,
Epstein JI, Walsh PC. Era specific
biochemical recurrence-free survival
following radical prostatectomy for
clinically localized prostate cancer. J Urol
2001; 166: 416–9
Feneley MR, Landis P, Simon I et al. Today
men with prostate cancer have larger
prostates. Urology 2000; 56: 839–42
Chang CM, Moon D, Gianduzzo TR,
Eden CG. The impact of prostate size in
laparoscopic radical prostatectomy. Eur
Urol 2005; 48: 285–90
Foley CL, Bott SR, Thomas K, Parkinson
MC, Kirby RS. A large prostate at radical
retropubic prostatectomy does not
adversely affect cancer control,
continence or potency rates. BJU Int 2003;
92: 370–4
Hsu EI, Hong EK, Lepor H. Influence of
body weight and prostate Volume on
intraoperative, perioperative, and
postoperative outcomes after radical
retropubic prostatectomy. Urology 2003;
61: 601–6
Singh A, Fagin R, Shah G, Shekarriz B.
Impact of prostate size and body mass
index on perioperative morbidity after
laparoscopic radical prostatectomy. J Urol
2005; 173: 552–4
Gill IS, Zippe CD. Laparoscopic radical
prostatectomy: technique. Urol Clin North
Am 2001; 28: 423–36
Cappelleri JC, Rosen RC. The Sexual
Health Inventory for Men (SHIM). a 5-year
review of research and clinical experience.
Int J Impot Res 2005; 17: 307–19
Zorn KC, Orvieto MA, Mikhail AA et al.
Effect of prostate weight on operative
and postoperative outcomes of roboticassisted laparoscopic prostatectomy.
Urology 2007; 69: 300–5
El-Feel A, Davis JW, Deger S et al.
Laparoscopic radical prostatectomy–an
analysis of factors affecting operating
time. Urology 2003; 62: 314–8
Terris MK, Stamey TA. Determination
of prostate volume by transrectal
ultrasound. J Urol 1991; 145: 984–7

14 D’Amico AV, Whittington R, Malkowicz
SB, Schultz D, Tomaszewski JE, Wein A.
A prostate gland volume of more than
75 cm3 predicts for a favorable outcome
after radical prostatectomy for localized
prostate cancer. Urology 1998; 52: 631–
6
15 Secin FP, Salas RS, Karanikolas NT
et al. Comparative analysis of the
impact of prostate Volume on
positive surgical margin incidence
and location between open and
laparoscopic radical prostatectomy.
J Endourol 2006; 20 (Suppl. 1): A152
(Abstract)
16 Steiner MS, Morton RA, Walsh PC.
Impact of anatomical radical
prostatectomy on urinary continence.
J Urol 1991; 145: 512–4
17 Eastham JA, Kattan MW, Rogers E et al.
Risk factors for urinary incontinence after
radical prostatectomy. J Urol 1996; 156:
1707–13
18 Donnellan SM, Duncan HJ,
MacGregor RJ, Russell JM.
Prospective assessment of
incontinence after radical retropubic
prostatectomy: objective and subjective
analysis. Urology 1997; 49: 225–30
19 Secin FP, Serio A, Bianco FJ Jr et al.
Preoperative and intraoperative risk
factors for side-specific positive surgical
margins in laparoscopic radical
prostatectomy for prostate cancer. Eur
Urol 2007; 51: 764–71
20 Ukimura O, Magi-Galluzzi C, Gill IS.
Real-time transrectal ultrasound
guidance during nerve sparing
laparoscopic radical prostatectomy:
pictorial essay. J Urol 2006; 175:
1311–9
21 Myers RP. Practical surgical anatomy for
radical prostatectomy. Urol Clin North Am
2001; 28: 473–9
Correspondence: Monish Aron, Glickman
Urological Institute, Cleveland Clinic
Foundation, 9500 Euclid Avenue/A100,
Cleveland, Ohio 44195, USA.
e-mail: aronm@ccf.org
Abbreviations: (L)(O)RP, (laparoscopic) (open)
radical prostatectomy; BMI, body mass index;
EBL, estimated blood loss; PLND, pelvic lymph
node dissection; PSM, positive surgical
margins; LOS, length of hospital stay;
SHIM, Sexual Health Inventory for Men;
RALP, robotically assisted laparoscopic
prostatectomy.

2 0 07 T H E A U T H O R S

JOURNAL COMPILATION

©

2 0 07 B J U I N T E R N AT I O N A L

593

