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Review Article

Benign Prostatic Hyperplasia: from Bench to Clinic
Tag Keun Yoo, Hee Ju Cho
Department of Urology, Eulji University School of Medicine, Seoul, Korea

Benign prostatic hyperplasia (BPH) is a prevalent disease, especially in old men, and 
often results in lower urinary tract symptoms (LUTS). This chronic disease has im-
portant care implications and financial risks to the health care system. LUTS are 
caused not only by mechanical prostatic obstruction but also by the dynamic component 
of obstruction. The exact etiology of BPH and its consequences, benign prostatic en-
largement and benign prostatic obstruction, are not identified. Various theories con-
cerning the causes of benign prostate enlargement and LUTS, such as metabolic syn-
drome, inflammation, growth factors, androgen receptor, epithelial-stromal inter-
action, and lifestyle, are discussed. Incomplete overlap of prostatic enlargement with 
symptoms and obstruction encourages focus on symptoms rather than prostate en-
largement and the shifting from surgery to medicine as the treatment of BPH. Several 
alpha antagonists, including alfuzosin, doxazosin, tamsulosin, and terazosin, have 
shown excellent efficacy without severe adverse effects. In addition, new alpha antago-
nists, silodosin and naftopidil, and phosphodiesterase 5 inhibitors are emerging as BPH 
treatments. In surgical treatment, laser surgery such as photoselective vaporization 
of the prostate and holmium laser prostatectomy have been introduced to reduce com-
plications and are used as alternatives to transurethral resection of the prostate 
(TURP) and open prostatectomy. The status of TURP as the gold standard treatment 
of BPH is still evolving. We review several preclinical and clinical studies about the 
etiology of BPH and treatment options.
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INTRODUCTION

Benign prostatic hyperplasia (BPH) is one of the most com-
mon diseases, and its incidence has accelerated recently. 
BPH usually occurs in men in their 50s, and 80% of men 
in their 70s suffer from BPH-related lower urinary tract 
symptoms (LUTS) [1]. Although BPH is not a fatal disease, 
the morbidity from BPH and its potential risk of complica-
tions diminishes quality of life (QoL) and causes huge social 
financial problems [2,3]. BPH-related LUTS are a con-
sequence of dynamic and static obstruction. In the past, 
age, genetics, and testosterone were regarded as the pri-
mary causes of prostate enlargement, but recently, food, 
exercise, lifestyle, and metabolic syndrome have been rec-
ognized as other major causes of BPH and have been widely 

researched [4]. There have been many changes in the treat-
ment pattern of BPH. Alpha-blockers and 5-alpha reduc-
tase inhibitors are becoming the first-line treatment option 
owing to their excellent efficacy and convenience of admin-
istering without severe adverse effects. Laser surgery as 
a substitute for previous BPH surgery such as transure-
thral resection of the prostate (TURP) and open prostatec-
tomy has also been attempted. Several research studies on 
etiologies and treatment options have been published from 
various preclinical and clinical aspects. This article pres-
ents the scientific foundation of prostate enlargement and 
some reports about innovative trials of BPH therapy.
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ETIOLOGY

Age and the presence of androgens are established factors 
associated with BPH, but the exact cause of BPH is 
unknown. Previous studies have focused on the links of 
BPH-related LUTS with inflammation, stromal-epithelial 
interaction, and the role of androgen receptors. Various 
etiological models of BPH have recently been evolving 
rapidly. 

1. Metabolic syndrome
In the 1980s, several studies showed that insulin resist-
ance caused various compensatory endocrine aberrations. 
Increased serum insulin levels, one of the major endocrine 
aberrations, are associated with type 2 diabetes, coronary 
disease, hypertension, and dyslipidemia. To date, this clus-
ter of disorders is named the metabolic syndrome (MetS) 
[5,6]. Metabolic syndrome is increasing in countries with 
Western lifestyles, and the prevalence of MetS is around 
34 to 39% in the United States [7]. An pattern of increasing 
prostate volume in patients with type 2 diabetes was re-
ported [8], and the possibility of association between MetS 
and BPH has been investigated in the past decades in sev-
eral studies [8,9]. Of those studies of MetS, 19 of 22 estab-
lished aspects of MetS that are indicated as risk factors of 
BPH. Increased fasting plasma insulin level, increased 
body weight, type 2 diabetes, increased body mass index, 
treated hypertension, and lower high-density lipoprotein 
cholesterol were confirmed to be risk factors of prostate en-
largement, and patients with MetS had a higher annual 
growth rate of the prostate [10-12]. Vikram et al. [13] re-
ported overgrowth of prostate volume in hyperinsulinemic 
rats induced by a high-fat diet, and a reduction of the fast-
ing plasma insulin level caused shrinkage of prostate 
volume. The hypothetical link between hyperinsulinemia 
and BPH was suggested as follows: an increased insulin 
level, a compensatory phenomenon by insulin resistance, 
causes an increased density of growth hormone receptors 
in the liver and then results in an increased hepatic pro-
duction of insulin-like growth factor 1, which promotes the 
proliferation of prostate cells [14,15].

Hyperinsulinemia is correlated with enhanced glucose 
metabolism in the ventromedial hypothalamic neuron, 
which causes increased sympathetic activity of smooth 
muscle contraction in the prostate and bladder neck, which 
increase LUTS [16]. In an animal model, increased sym-
pathetic tone was positively correlated with the increased 
growth rate of the prostate [17], and elevated C-reactive 
protein (CRP) in MetS also decreased nitric oxide (NO) syn-
thesis in endothelial cells. Diminished NO and NO syn-
thesis activity may lead to increased smooth muscle pro-
liferation and prostatic enlargement [18,19].

2. Lifestyle, food, and exercise
In past research, the effect of food on prostate enlargement 
has been controversial. According to a study that analyzed 
data from the placebo arm in the Prostate Cancer 

Prevention Trial (PCPT), which enrolled 18,880 men aged 
over 50 years, high consumption of red meat and a high-fat 
diet was suggested to raise the risk of BPH, and high con-
sumption of vegetables was associated with a reduced risk 
of BPH. Lycopene and supplementation with vitamin D 
could lower the risk of prostate enlargement, but vitamin 
C, vitamin E, and selenium were reported as not being re-
lated [20]. Physical activities were also shown to reduce the 
possibility of prostate enlargement, LUTS, and LUTS-re-
lated surgery [21]. In a meta-analysis that enrolled 43,083 
male patients, intensity of exercise was related to reduc-
tion of risk of prostate enlargement [22]. A negative correla-
tion between the intake of alcohol and prostate enlarge-
ment has been shown in many research studies. In the 
Prostate, Lung, Colorectal and Ovarian Cancer Screening 
Trial, the protective effects of alcohol were noted, partic-
ularly for beer and liquor consumption. Men who consumed 
alcohol moderately were 30% less likely to have clinical 
BPH, 40% less likely to undergo TURP, and 20% less likely 
to have nocturia [23]. However, in a meta-analysis of the 
last 19 studies, incorporating 120,091 patients, men who 
consumed 35 g or more of alcohol per day had a 35% de-
creased risk of BPH but an increased risk of LUTS com-
pared with men who did not consume alcohol [24].

3. Inflammation
Among patients enrolled in the Reduction by Dutasteride 
of Prostate Cancer Event study, histologic inflammation 
was shown in more than 78% men and the severity of LUTS 
and the intensity of inflammation were related [25,26]. 
Another study that enrolled 3,942 patients with BPH 
showed that 43% of patients had histologic inflammation 
and 69% of them had chronic inflammation. Also, in-
flammation in the prostate increased significantly with the 
increase in prostate volume and age [27]. The data from the 
placebo arm of the PCPT demonstrated that elevated CRP 
and interleukin-6 (IL-6) concentrations may increase the 
risk of BPH [28]. A number of inflammatory cells and proin-
flammatory cytokines may be involved in the proliferation 
of the prostate. Kramer et al. [29] concluded that T-lympho-
cytes, B-lymphocytes, and macrophages are chronically ac-
tivated in BPH and produce IL 2, interferon gamma (IFN 
γ), and transforming growth factor β (TGF β), which result 
in fibromuscular growth of the prostate. Proinflammatory 
cytokines released from adjacent inflammatory cells were 
shown to induce the expression of cyclooxygenase-2 
(COX-2) in epithelial cells, which then elevated the pro-
liferation rate of cells in the prostate. In 79% of patients 
with BPH, IL-17 produced by activated T-cells was in-
creased and this overexpression of IL-17 could play a role 
in increasing COX 2 expression [30,31]. In a report by 
Penna et al. [32], human prostate stromal cells were shown 
to act as antigen presenting cells, activating alloanti-
gen-specific CD4+ T cells to produce IFN-γ and IL-17.

Local hypoxia can play a role as one of the inflammatory 
mediators by inducing lower levels of reactive oxygen spe-
cies, which can promote neovascularization and fibro-
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TABLE 1. Treatment options for benign prostatic hyperplasia

Watchful waiting

Nonsurgical treatment

Surgical treatment

Medical treatment

Minimally invasive & endoscopic surgery

Laser surgery

Invasive surgery

Alpha-adrenergic blockers
5-Alpha reductase inhibitor
Phosphodiesterase 5 inhibitors
Aromatase inhibitors
Plant extracts (phytotherapy)
Combination of these agents
Transurethral resection of the prostate
Transurethral needle ablation of the prostate
Transurethral microwave therapy of the prostate
Transurethral incision of the prostate
Intraprostatic stents
Vaporization of the prostate
Enucleation of the prostate
Open simple prostatectomy
Laparoscopic simple prostatectomy

blasts to myofibroblast transdifferentiation. In particular, 
increased secretion of vascular endothelial growth factors 
fibroblast growth factors, fibroblast growth factor FGF-7, 
TGF-β, FGF-2, and IL-8 was observed under the hypoxic 
condition in vitro [30]. 

Direct causality between inflammation and prostate en-
largement is not evident. But, the T cell activity and asso-
ciated autoimmune reaction seem to induce epithelial and 
stromal cell proliferation.

4. Epithelial-stromal cell interaction and growth factor
In the normal state of the prostate, epithelial cells and stro-
mal cells are very closely associated. Through this inter-
action between these cells, homeostasis of growth and re-
gression of the prostate can be maintained. A variety of 
growth factors, such as epidermal growth factor (EFG), 
TGF-α, TGF-β, and basic FGF (bFGF), are involved as facil-
itators in the epithelial-stromal interaction [33]. 

EGF and TGF-α are the most powerful mitosis-promot-
ing factors for epithelial cells. Prostate tissue and prostate 
fluid include a lot of EGF. The promoting effect of the an-
drogen is thought to be mediated by the EGF, but it is not 
clear which cells produce EGF or TGF-α.

TGF β has various biological characteristics and is in-
creased in BPH. TGF-β inhibits the function of epithelial 
cells and is involved in growth arrest and apoptosis. The 
effect of TGF-β for matrix cells is unclear but it seems to 
engage the differentiation of matrix cells to the smooth cell 
phenotype or a variation of extramatrix cells [34]. TGF-β 
is distributed in smooth muscle actin-positive cells under 
immunohistochemistry stain. Thus, the origin of TGF-β is 
thought to be smooth muscle cells.

Basic FGF is a strong promoting factor of cellular mitosis 
and is over-expressed in BPH. In animal experiments, the 
over-production of bFGF results in glandular proliferation 
resembling significant clinical prostatic hyperplasia. 
Under normal conditions, bFGF is produced by both epi-
thelial and stromal cells, but even though the bFGF is emit-

ted out of cells, bFGF is locked up within the extracellular 
matrix. The function of bFGF in target cells may be one of 
the most important factors in understanding the etiology 
of BPH. The imbalance of these growth factors is accepted 
as the reason for the abnormal prostate growth.

5. Androgen receptor
The growth of the prostate is dependent on circulating an-
drogen and the intracellular steroid signaling pathway via 
androgen receptor. The transactivation of the androgen re-
ceptor is found in the transactivation domain encoded by 
exon 1 of the AR gene (Xq11-12), which contains poly-
morphic CAG and GGN (also GGC) repeats encoding poly-
glutamine and polyglycine tracts, respectively [35]. It is 
still unclear whether polymorphism of the androgen re-
ceptor affects proliferation of the prostate [36]. Some stud-
ies have reported that reduced CAG or GGN repeats in the 
AR gene are positively correlated with larger prostate size, 
whereas recent studies reached the opposite conclusion 
[36-38]. Given the significant variation in reported find-
ings, CAG or GGN polymorphism of the AR gene may not 
play a major role in the progression of BPH [39].

CLINICAL APPROACH

BPH-related LUTS can be treated by surgical and medical 
therapy, and the choice of treatment is based on the se-
verity of disease, risk of progression, and patient morbi-
dity. Various surgical and medical treatment options are 
available to improve LUTS in BPH patients (Table 1). 
Recently, the dynamic component of BPH has been empha-
sized, with a focus on symptoms rather than prostate en-
largement, which has led to a shift from surgery to medical 
treatment. However, the efficacy of pharmacotherapy re-
mains somewhat limited. Many minimally invasive surgi-
cal treatments, such as laparoscopic surgery and laser sur-
gery, have been developed, but controversy remains over 
whether these minimally invasive surgical treatments are 
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TABLE 2. Selectivity of α-adrenergic blockers to AR subtypes

Alfuzosin Doxazosin Tamsulosin Terazosin Silodosin Naftopidil

Selectivity to AR 
subtypes

Nonselective Nonselective α1A=α1D＞α1B Nonselective α1A＞α1D＞α1B α1D＞α1A＞α1B

AR, alpha-adrenergic receptor.

alternatives for TURP as the gold standard treatment.

1. Alpha-adrenergic blockers 
Quick and excellent efficacy without significant adverse ef-
fects has made the alpha-adrenergic antagonists, includ-
ing alzusosin, doxazosin, tamsulosin, and terazosin, the 
first-line therapy of BPH-related LUTS. Although minor 
differences in adverse effects between these drugs have 
been presented, their efficacy in reducing LUTS is compa-
rable. Alpha-adrenergic receptors (ARs) are distributed in 
the smooth muscle of the whole body. To date, four unique 
α1-AR subtypes (α1A, α1B, α1D, and α1L) have been iden-
tified, but the role of the α1L subtype has yet to be estab-
lished [40,41]. α1A-AR subtypes are predominant in hu-
man prostate and urethra. Distributions ratios of the 
α1A-AR and α1D-AR subtypes are 69.3% and 27.3% in the 
urethra and 85% and 15% in prostatic tissue, respectively 
[42,43]. The α1D-AR subtype is mainly expressed in the de-
trusor muscle of the bladder and the sacral region of the spi-
nal cord, and blockade of the α1D-AR subtype can relieve 
irritative symptoms [40,44].

Silodosin is a selective α1A-AR antagonist and its affin-
ity to the α1A-AR subtype is 583-fold that to the α1B-AR 
and 56-fold that to the α1D-AR. The affinity of tamsulosin 
to the α1-AR subtype is higher than that of silodosin but 
the affinity of tamsulosin to the α1A-AR subtype is 15 fold 
that to the α1B-AR and 3-fold that to the α1D-AR; thus, the 
selectivity of silodosin to α1A-AR is greater than that of 
tamsulosin [45]. The selectivity of alpha-adrenergic block-
ers to the subtypes of ARs is summarized in Table 2.

In a randomized, double-blind, active- and placebo-con-
trolled phase III study, 457 patients were divided into 3 
groups (silodosin, n=176; tamsulosin, n=192; placebo, 
n=89). Silodosin 4 mg PO BID, tamsulosin 0.2 mg PO once 
daily, or placebo were administered for 12 weeks. The total 
International Prostate Symptom Score (IPSS) and max-
imal uroflow rate (Qmax) in the silodosin and tamsulosin 
groups were improved significantly. The mean intergroup 
differences in total IPSS and Qmax between the silodosin 
and tamsulosin groups were not significant, and reduction 
of the voiding symptom score in the silodosin group was su-
perior to that in the tamsulosin group. Adverse effects oc-
curred more frequently in the silodosin group than in the 
tamsulosin group. The most common adverse effect in the 
silodosin group was ejaculatory disorders (22.3%) such as 
retrograde ejaculation, compared with 1.6% in the tamsu-
losin group [46]. These ejaculatory disorders were caused 
by smooth muscle relaxation in the bladder neck and vas 
deferens [47,48]. The high selectivity of silodosin to the 

α1A-AR is a distinguishing feature of this agent compared 
with other AR antagonists, but to prove the significant clin-
ical differences caused by the pharmacologic features of si-
lodosin, further large-scale study is needed.

Naftopidil is an α1D-AR subtype-selective antagonist. 
Whereas the affinity of tamsulosin and silodosin to the 
α1A-AR subtype is 3-fold and 56-fold that to the α1D-AR, 
the affinity of naftopidil to the α1D-AR subtype is 3-fold 
that to the α1A-AR subtype [49]. In comparative crossover 
studies between tamsulosin 0.2 mg and naftopidil 50 mg, 
both AR antagonists reduced the total IPSS and no inter-
group differences were identified. In the naftopidil group, 
however, storage symptoms such as daytime frequency, ur-
gency, and especially nocturia were improved more than 
in the tamsulosin group [50,51], and the mean first desire 
to void and mean maximum desire to void were sig-
nificantly higher than in the tamsulosin group (188.4 ml 
vs. 339.4 ml) [51]. In other studies, no data about irritative 
symptom improvement were reported. Additional study is 
needed to make solid conclusions. 

2. 5-Alpha-reductase inhibitor
5α-Reductase converts testosterone to dihydrotestoster-
one (DHT), which is more potent than testosterone in the 
prostate. 5α-Reductase inhibitor (5-ARI) acts as an an-
drogen suppressor causing regression of epithelial ele-
ments in the prostate. Consequently, prostatic enlarge-
ment, the static component of bladder outlet obstruction, 
is diminished. Finasteride (a type 2 5-ARI) and dutasteride 
(a dual inhibitor of both type 1 and type 2 5α-reductase) de-
crease the DHT level in the prostate by 80% and 94%, re-
spectively, and the serum half-life of finasteride is 6 to 8 
hours and that of dutasteride is 5 weeks [52,53]. This phar-
macologic discrepancy between these drugs makes a minor 
difference in efficacy and adverse effects.

In the Medical Therapy of Prostatic Symptoms Trial that 
compared monotherapy and combination therapy with 
doxazosin and finasteride, combination therapy lowered 
the risk of BPH progression compared with monotherapy 
with doxazosin or finasteride (67% for combination ther-
apy, 39% for doxazosin, 34% for finasteride) and was supe-
rior in improving the American Urological Association 
Symptom Index score and Qmax compared with mono-
therapy and placebo [54]. According to the Combination of 
Dutasteride and Tamsulosin study, which enrolled 4,844 
men ≥50 years of age with prostate volume ≥30 g and a 
clinical diagnosis of BPH, combination therapy reduced 
the relative risk of clinical progression, the risk of acute uri-
nary retention, and BPH-related surgery significantly and 
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TABLE 3. Changes from baseline to 12 weeks in IPSS and IIEF in tadalafil treatment groups 

Improvement of symptoms Placebo
Tadalafil (mg)

2.5 5 10 20

Total IPSS
Irritative symptoms
Obstructive symptoms
QoL
IIEF-EF

2.27±0.49
0.99±0.23
1.26±0.33
0.49±0.11
2.20±1.03

3.88±0.5
1.58±0.23
2.23±0.33
0.74±0.11
5.59±1.01a

4.87±0.49a

1.89±0.23a

2.94±0.33a

0.86±0.11a

6.97±1.01a

5.17±0.49a

1.96±0.23a

3.13±0.32a

0.92±0.10a

7.98±1.0a

5.21±0.5a

2.07±0.23a

3.12±0.33a

0.88±0.11a

8.34±1.01a

Roehrborn et al., 2008 (J Urol 2008;180:1228-34). 
Values are presented mean±SD.
IPSS, International Prostate Symptom Score; QoL, quality of life; IEEF-EF, International Index of Erectile Function-Erectile Function
domain.
a: p-value＜0.05 compared with placebo.

induced greater symptom benefit than either monotherapy 
at 4 years [55]. Guidelines for the management of BPH by 
the American Urological Association and the European 
Association of Urology recommend the use of 5-ARIs for 
male patients with LUTS caused by an enlarged prostate.

3. Phosphodiesterase 5 inhibitor
There has been increasing interest in the use of phospho-
diesterase type-5 (PDE5) inhibitors to treat BPH-related 
LUTS. The current postulated mechanisms of action of 
PDE5 inhibitors in improving BPH-related LUTS include 
the following. First, inactivation of cGMP-mediated ρ-kin-
ase; second, increase of nitric oxide synthase (NOS) and NO 
activity in the prostate; third, decrease of autonomic hyper-
activity affecting the bladder, prostate, and penis; and 
fourth, reduction of pelvic ischemia [56,57]. Activated 
ρ-kinase inhibits smooth muscle myosin phosphatase. 
This action leads to the sensitization of myofilaments to 
Ca2+, which results in smooth muscle contraction [58]. 
Increased NO and cGMP by PDE5 inhibitors relaxes the 
smooth muscles of the lower urinary tract and could be used 
for the treatment of LUTS [59]. Autonomic hyperactivity, 
an aspect of MetS, promotes contraction of the endothelium 
and ultimately could lead to the occurrence of LUTS [60]. 
Chronic ischemia and arterial insufficiency caused by 
bladder and penile atherosclerosis promote structural and 
functional changes of the bladder, prostate, and penis that 
also lead to LUTS [61].

In a study by McVary et al. [62], male patients with BPH 
and erectile dysfunction were administered 50 to 100 mg 
sildenafil and placebo daily for 12 weeks. Compared with 
that in the control group, IPSS and QoL in the sildenafil 
group were reduced (IPSS, 6.32 vs. 1.93 points; QoL, 0.97 
vs. 0.29 for sildenafil and placebo; p＜0.0001). In another 
study, 2.5, 5, 10, or 20 mg tadalafil was administered to 
BPH patients daily for 12 weeks. Except for the 2.5 mg tada-
lafil group, all other tadalafil groups improved signifi-
cantly in terms of IPSS and QoL compared with the placebo 
group. Also, 5 mg tadalafil showed the most superior 
risk-benefit profile. The mean IPSS reductions were 4.87 
for tadalafil 5 mg and 2.27 for the placebo group (p＜0.001). 

The mean improvements in the International Index of 
Erectile Function-Erectile Function domain score in the ta-
dalafil groups were superior to that in the placebo group 
(6.97 for tadalafil vs. 2.20 for placebo, p＜0.001) (Table 3) 
[63]. In a randomized, placebo-controlled study to assess 
the efficacy of twice-daily vardenafil 10 mg for 8 weeks, the 
mean IPSS reduction was significant in the vardenafil 
group compared with placebo (5.9 for vardenafil vs. 3.6 for 
placebo, p=0.0013). However, no significant difference in 
Qmax was found between the groups [64]. These preclinical 
and clinical studies have provided hopeful evidence that 
PDE5 inhibitors may be an effective and acceptable treat-
ment option for BPH, but at the present time, the high cost 
of PDE5 inhibitors is a significant obstacle. Cost-efficacy 
analysis must be conducted. 

4. Phytotherapy
Many kinds of complementary and alternative medicines 
have been used as treatment methods for BPH, and herbal 
therapy is considered to be the mainstay among those 
treatments [65]. Millions of people worldwide have used 
herbal agents to treat BPH-related LUTS, and recently, in-
terest in these agents has increased through advertise-
ments in the mass media and online shopping. Saw palmet-
to, one of the most popular herbal medicines, is an extract 
of the fruit of Serenoa repens composed of fatty acids and 
phytosterols. In a past meta-analysis, saw palmetto was 
shown to increase self-rated improvement, increase the 
peak flow rate, and in particular improve nocturia, but con-
troversy over its effects remain [66]. 

The mechanism of the effect of saw palmetto is poorly 
defined. Investigators have proposed antiandrogenic ac-
tivity via 5-alpha reductase inhibition and subsequent pre-
vention of the conversion of testosterone to dihydrotesto-
sterone [67], an anti-inflammatory effect [68], competitive 
inhibition of androgen binding, a decrease in the bioavail-
ability of the sex hormone-binding globulin [69], and in-
hibition of growth factor-induced prostatic cell prolifera-
tion [68,70].

In 2011, a double-blind, multicenter, placebo-controlled 
randomized study to investigate the efficacy of saw palmet-
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TABLE 4. Intraoperative and early postoperative complications of TURP

Mebust et al. (1989) [76]
(n=3,885)

Borboroglu et al. (1999) [77] 
(n=520)

Reich et al. (2008) [78] 
(n=10,654)

Transfusion (%)
TUR syndrome (%)
Urinary tract infection (%)
Voiding failure (%)
Mortality (%)

6.4
2.0
2.3
6.5
0.1

0.4
0.8
2.1
-

0

2.9
1.4
3.6
5.8
0.1

TURP, transurethral resection of the prostate.

to was reported [71]. Three hundred sixty-nine men ≥45 
years of age with Qmax≥4 ml/s and IPSS of 8 to 24 were 
enrolled and administered saw palmetto for 72 weeks. The 
dose of saw palmetto was 320 mg per day, which was esca-
lated to 960 mg per day if needed. Administration of saw 
palmetto had no significant effect in terms of IPSS, Qmax, 
or adverse effects compared with placebo.

5. Surgical therapy
Although the proportion of medical therapy and the use of 
several effective minimally invasive treatments have been 
increasing as a primary treatment for BPH, TURP remains 
the predominant treatment method [72]. TURP has been 
considered the gold standard treatment of BPH. Detection 
of prostate cancer in BPH patients with previously neg-
ative transrectal ultrasonography prostate biopsy is one of 
the advantages of TURP. Kim et al. [73] investigated 1,341 
BPH patients with a previous negative biopsy result who 
underwent TURP. They concluded that TURP could imme-
diately improve bladder outlet obstruction and provide an 
early diagnosis of clinically significant transition zone 
prostate cancer. Another study showed the excellent sur-
vival rate of patients with prostate cancer (stage pT1a) that 
was detected through TURP [74]. Deciding on a therapy in 
patients with mild LUTS, elevated prostate-specific anti-
gen (PSA) levels, and multiple negative previous biopsy re-
sults is a challenge for urologists. In these patients, bladder 
outlet obstruction may account for an elevated serum PSA 
level. TURP could improve LUTS without severe sur-
gery-related morbidity. Decreasing the level of serum PSA 
after TURP helps urologists to monitor prostate cancer de-
velopment by PSA [75].

Complications of TURP have been a challenging prob-
lem, but the rate of complications, including transurethral 
resection syndrome (TUR syndrome), postoperative bleed-
ing, and reoperation, has decreased. A cooperative study 
of 13 participating institutions evaluating 3,885 patients 
by Mebust et al. [76] that was published in 1989 reported 
a transfusion rate of 6.4%, an intraoperative complication 
rate of 6.0%, and a mortality rate of 0.1%. After a decade, 
Borboroglu et al. [77] reviewed 520 consecutive patients 
who underwent transurethral prostatectomy between 
1991 and 1998. They reported decreased immediate and 
postoperative complication rates (0.4% for transfusion, 
2.5% for intraoperative complications, and 0% for mortal-

ity). In the 2000s, Reich et al. [78] prospectively evaluated 
10,654 patients undergoing TURP in the state of Bavaria, 
Germany, from January 2002 until December 2003. This 
study reported intra- and perioperative morbidities as fol-
lows: transfusion rate 2.9%, TUR syndrome 1.4%, reopera-
tion 5.6%, and mortality 0.1% (Table 4). These advances in 
intra- and perioperative outcome have continued and the 
transfusion and reoperation rate are decreasing in patents 
who undergo TURP by an experienced surgeon.

One of the most outstanding technical advancements is 
the use of bipolar TURP. Bipolar devices allow TURP with 
saline irrigation, which lessens water intoxication and 
negates unwanted stimulation of the obturator nerves and 
cardiac devices. Bipolar TURP is an effective and safe sur-
gical treatment method with additional advantages over 
monopolar TURP, even in patients with large prostates. 
Vigorous complications including massive bleeding re-
quiring transfusion and TUR syndrome associated with bi-
polar TURP are rare [79,80].

Open simple prostatectomy can remove large prostate 
adenomas completely without complications like TUR syn-
drome, and reoperation caused by recurred prostate hyper-
plasia is extremely rare. However, massive hemorrhage 
and a long hospital stay were problematic. With the aim of 
addressing these complications and the disadvantages of 
both surgeries, in 2002, the first research on the efficacy 
and safety of laparoscopic simple prostatectomy was re-
ported [81]. In 2006, Baumert et al. [82] compared perioper-
ative outcomes of the first 30 consecutive laparoscopic sim-
ple prostatectomies performed by 1 surgeon and 30 consec-
utive open simple prostatectomies for patients with 
large-sized BPH of more than 100 g. The average operation 
time of laparoscopic surgery was longer than that for stand-
ard surgery but intraoperative blood loss (367±363 vs. 
643±647 ml), hospital stay (5.1±1.8 vs. 8±4.8 days), irriga-
tion time (0.33±0.7 vs. 4±3.5 days), and duration of catheter 
indwelling (4±1.7 vs. 6.8±4.7 days) were shorter in laparo-
scopic prostatectomy. Several other studies also reported 
significant improvement of IPSS and Qmax in patients 
with huge BPH by laparoscopic retropubic prostatectomy. 
No severe complications such as postoperative incon-
tinence were reported [83,84].

To reduce the disadvantages including postoperative 
bleeding, the long period of catheterization, and TUR syn-
drome, many kinds of laser surgery have been used, of 
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which potassium-titanyl-phosphate laser vaporization of 
the prostate and Holmium laser enucleation of the prostate 
(HoLEP) are the most representative. Kang et al. [85] in-
vestigated the efficacy and complications of Greenlight 
HPS laser photo-selective vaporization of the prostate 
(PVP) in treating 104 BPH patients. Without delayed hem-
aturia, obstructive retention, or TUR syndrome, improve-
ment of IPSS and Qmax were maintained for at least 12 
months postoperatively. The only major postoperative 
complication in this study was mild dysuria (n=14, 13.4 %). 
Kim et al. [86] analyzed the clinical data of 74 patients who 
underwent PVP laser vaporization of the prostate with 2 
years of follow-up. IPSS and uroflowmetry with postvoid 
residual urine volume (PVR) were assessed at 1, 3, 6, 12, 
and 24 months postoperatively. Significant improvements 
at 1 month after surgery compared with baseline were 
maintained up to 24 months postoperatively. Although the 
safety and efficacy of PVP are brilliant, the need for addi-
tional laser fibers in dealing with large prostates and the 
loss of prostate tissues for pathologic testing are consid-
erable limits of PVP.

HoLEP can be used in treating patients with huge BPH 
without these problems. The holmium laser, with a wave-
length of 2,140 nm, conducts through saline and has ex-
cellent hemostatic properties. There is potentially no limit 
to the size of a prostate that can be treated with HoLEP. 
Krambeck et al. [87] reported significant improvement of 
IPSS (from 19 to 6.5 at 6 months postoperatively) and Qmax 
(from 8.2 ml/s to 18.5 ml/s at 6 months postoperatively) in 
treating patients with BPH (average size of prostate, 217 
g) without any severe complications. In another study that 
analyzed long-term operative outcomes of 164 consecutive 
HoLEP cases, the median PVR declined by 87.5%, whereas 
the mean Qmax rate was increased by 94% and the mean 
IPSS and median QoL scores were decreased by 63.2%, and 
56.6%, respectively, at 6 months postoperatively. Postope-
rative complications included transient incontinence 
(8.5%) and urinary retention (4.3%), and 3% of patients re-
quired readmission due to delayed hematuria [88]. The rel-
atively high occurrence rate of transient incontinence (1.4 
to 44%) is one of the most problematic complications in 
HoLEP [89-91]. The slow learning curve is also a challenge, 
and the operative time is still longer compared with stand-
ard TURP [90,92]. If technical advancements to reduce 
transient incontinence and operation times are developed, 
HoLEP can become the mainstay in treating patients with 
large BPH.

CONCLUSIONS

Benign prostatic hyperplasia is one of the most common 
problems that urologists deal with in the clinic. The preva-
lence of BPH increases from approximately 50% at 60 years 
of age to 90% in men older than 85 years. The etiologies of 
BPH are still not well defined. To date, multi-factorial and 
chronic conditions including metabolic syndrome, genet-
ics, inflammation, and lifestyle have been studied to pre-

vent BPH progression. Patients’ demands for effective, 
safe, and easy treatment options have led to several trials 
of medicine and minimally invasive surgeries such as laser 
or laparoscopic surgery. To date, admirable advancements 
in understanding the causes of BPH progression and in de-
veloping new gold standards of treatment have been 
achieved. However, unsolved problems remain in the pre-
clinical and clinical aspects of BPH.

CONFLICTS OF INTEREST
The authors have nothing to disclose.

REFERENCES

1. Berry SJ, Coffey DS, Walsh PC, Ewing LL. The development of 
human benign prostatic hyperplasia with age. J Urol 1984;132: 
474-9.

2. McVary KT. BPH: epidemiology and comorbidities. Am J Manag 
Care 2006;12(5 Suppl):S122-8.

3. Lee C, Kozlowski JM, Grayhack JT. Etiology of benign prostatic 
hyperplasia. Urol Clin North Am 1995;22:237-46. 

4. Parsons JK. Modifiable risk factors for benign prostatic hyper-
plasia and lower urinary tract symptoms: new approaches to old 
problems. J Urol 2007;178:395-401.

5. Reaven GM. Syndrome X: 6 years later. J Intern Med Suppl 
1994;736:13-22.

6. DeFronzo RA, Ferrannini E. Insulin resistance. A multifaceted 
syndrome responsible for NIDDM, obesity, hypertension, dyslipi-
demia, and atherosclerotic cardiovascular disease. Diabetes care 
1991;14:173-94.

7. Golden SH, Robinson KA, Saldanha I, Anton B, Ladenson PW. 
Clinical review: prevalence and incidence of endocrine and meta-
bolic disorders in the United States: a comprehensive review. J 
Clin Endocrinol Metab 2009;94:1853-78.

8. Hammarsten J, Högstedt B. Hyperinsulinaemia as a risk factor 
for developing benign prostatic hyperplasia. Eur Urol 2001;39: 
151-8.

9. Hammarsten J, Damber JE, Karlsson M, Knutson T, Ljunggren 
O, Ohlsson C, et al. Insulin and free oestradiol are independent 
risk factors for benign prostatic hyperplasia. Prostate Cancer 
Prostatic Dis 2009;12:160-5.

10. Ochiai A, Fritsche HA, Babaian RJ. Influence of anthropometric 
measurements, age, and prostate volume on prostate-specific an-
tigen levels in men with a low risk of prostate cancer. Urology 
2005;66:819-23.

11. Parsons JK, Carter HB, Partin AW, Windham BG, Metter EJ, 
Ferrucci L, et al. Metabolic factors associated with benign pro-
static hyperplasia. J Clin Endocrinol Metab 2006;91:2562-8.

12. Ozden C, Ozdal OL, Urgancioglu G, Koyuncu H, Gokkaya S, 
Memis A. The correlation between metabolic syndrome and pro-
static growth in patients with benign prostatic hyperplasia. Eur 
Urol 2007;51:199-203.

13. Vikram A, Jena GB, Ramarao P. Increased cell proliferation and 
contractility of prostate in insulin resistant rats: linking hyper-
insulinemia with benign prostate hyperplasia. Prostate 2010;70: 
79-89.

14. Chan JM, Stampfer MJ, Giovannucci E, Gann PH, Ma J, 
Wilkinson P, et al. Plasma insulin-like growth factor-I and pros-
tate cancer risk: a prospective study. Science 1998;279:563-6.

15. Barnard RJ, Aronson WJ, Tymchuk CN, Ngo TH. Prostate cancer: 
another aspect of the insulin-resistance syndrome? Obes Rev 



Korean J Urol 2012;53:139-148

146 You and Cho

2002;3:303-8.
16. Landsberg L. Diet, obesity and hypertension: an hypothesis in-

volving insulin, the sympathetic nervous system, and adaptive 
thermogenesis. Q J Med 1986;61:1081-90.

17. McVary KT, Razzaq A, Lee C, Venegas MF, Rademaker A, 
McKenna KE. Growth of the rat prostate gland is facilitated by 
the autonomic nervous system. Biol Reprod 1994;51:99-107.

18. McVary K. Lower urinary tract symptoms and sexual dysfunc-
tion: epidemiology and pathophysiology. BJU Int 2006;97(Suppl 
2):23-8.

19. Verma S, Wang CH, Li SH, Dumont AS, Fedak PW, Badiwala MV, 
et al. A self-fulfilling prophecy: C-reactive protein attenuates ni-
tric oxide production and inhibits angiogenesis. Circulation 
2002;106:913-9.

20. Kristal AR, Arnold KB, Schenk JM, Neuhouser ML, Goodman P, 
Penson DF, et al. Dietary patterns, supplement use, and the risk 
of symptomatic benign prostatic hyperplasia: results from the 
prostate cancer prevention trial. Am J Epidermiol 2008;167:925-34.

21. Platz EA, Kawachi I, Rimm EB, Colditz GA, Stampfer MJ, Willett 
WC, et al. Physical activity and benign prostatic hyperplasia. 
Arch Intern Med 1998;158:2349-56.

22. Parsons JK, Kashefi C. Physical activity, benign prostatic hyper-
plasia, and lower urinary tract symptoms. Eur Urol 2008;53: 
1228-35.

23. Kang D, Andriole GL, Van De Vooren RC, Crawford D, Chia D, 
Urban DA, et al. Risk behaviours and benign prostatic hyper-
plasia. BJU Int 2004;93:1241-5.

24. Parsons JK, Im R. Alcohol consumption is associated with a de-
creased risk of benign prostatic hyperplasia. J Urol 2009;182: 
1463-8.

25. Nickel JC, Roehrborn CG, O’leary MP, Bostwick DG, Somerville 
MC, Rittmaster RS. Examination of the relationship between 
symptoms of prostatitis and histological inflammation: baseline 
data from the REDUCE chemoprevention trial. J Urol 2007;178: 
896-900.

26. Nickel JC, Roehrborn CG, O’Leary MP, Bostwick DG, Somerville 
MC, Rittmaster RS. The relationship between prostate inflam-
mation and lower urinary tract symptoms: examination of base-
line data from the REDUCE trial. Eur Urol 2008;54:1379-84.

27. Di Silverio F, Gentile V, De Matteis A, Mariotti G, Giuseppe V, 
Luigi PA, et al. Distribution of inflammation, pre-malignant le-
sions, incidental carcinoma in histologically confirmed benign 
prostatic hyperplasia: a retrospective analysis. Eur Urol 2003;43: 
164-75.

28. Schenk JM, Kristal AR, Neuhouser ML, Tangen CM, White E, Lin 
DW, et al. Biomarkers of systemic inflammation and risk of in-
cident, symptomatic benign prostatic hyperplasia: results from 
the prostate cancer prevention trial. Am J Epidermiol 2010;171: 
571-82.

29. Kramer G, Steiner GE, Handisurya A, Stix U, Haitel A, Knerer 
B, et al. Increased expression of lymphocyte-derived cytokines in 
benign hyperplastic prostate tissue, identification of the produc-
ing cell types, and effect of differentially expressed cytokines on 
stromal cell proliferation. Prostate 2002;52:43-58.

30. Wang L, Yang JR, Yang LY, Liu ZT. Chronic inflammation in be-
nign prostatic hyperplasia: implications for therapy. Med 
Hypotheses 2008;70:1021-3.

31. Kramer G, Marberger M. Could inflammation be a key component 
in the progression of benign prostatic hyperplasia? Curr opin Uro 
2006;16:25-9.

32. Penna G, Fibbi B, Amuchastegui S, Cossetti C, Aquilano F, 
Laverny G, et al. Human benign prostatic hyperplasia stromal 

cells as inducers and targets of chronic immuno-mediated inflam-
mation. J Immunol 2009;182:4056-64.

33. Lee C. Role of androgen in prostate growth and regression: stro-
mal-epithelial interaction. Prostate Suppl 1996;6:52-6.

34. Klingler HC, Bretland AJ, Reid SV, Chapple CR, Eaton CL. 
Regulation of prostatic stromal cell growth and function by trans-
forming growth factor beta (TGFbeta). Prostate 1999;41:110-20.

35. Zeegers MP, Kiemeney LA, Nieder AM, Ostrer H. How strong is 
the association between CAG and GGN repeat length poly-
morphisms in the androgen receptor gene and prostate cancer 
risk? Cancer Epidemiol Biomarkers Prev 2004;13:1765-71.

36. Chatterjee B. The role of the androgen receptor in the develop-
ment of prostatic hyperplasia and prostate cancer. Mol Cell 
Biochem 2003;253:89-101.

37. Giovannucci E, Stampfer MJ, Chan A, Krithivas K, Gann PH, 
Hennekens CH, et al. CAG repeat within the androgen receptor 
gene and incidence of surgery for benign prostatic hyperplasia in 
U.S. physicians. Prostate 1999;39:130-4.

38. Mononen N, Ikonen T, Autio V, Rökman A, Matikainen MP, 
Tammela TL, et al. Androgen receptor CAG polymorphism and 
prostate cancer risk. Hum genet 2002;111:166-71.

39. Hoke GP, McWilliams GW. Epidemiology of benign prostatic hy-
perplasia and comorbidities in racial and ethnic minority 
populations. Am J Med 2008;121(8 Suppl 2):S3-10.

40. Schwinn DA, Roehrborn CG. Alpha1-adrenoceptor subtypes and 
lower urinary tract symptoms. Int J Urol 2008;15:193-9.

41. Murata S, Taniguchi T, Takahashi M, Okada K, Akiyama K, 
Muramatsu I. Tissue selectivity of an alpha(1)-adrenoreceptor 
antagonist, in human prostate and vasculature. J Urol 2000;164: 
578-83.

42. Kawabe K. Current status of research on prostate-selective alpha 
1-antagonists. Br J Urol 1998;81(Suppl 1):48-50.

43. Schwinn DA. The role of alpha1-adrenergic receptor subtypes in 
lower urinary tract symptoms. BJU Int 2001;88(Suppl 2):27-34.

44. Fine SR, Ginsberg P. Alpha-adrenergic receptor antagonists in 
older patients with benign prostatic hyperplasia: issues and po-
tential complications. J Am Osteopath Assoc 2008;108:333-7.

45. Shibata K, Foglar R, Horie K, Obika K, Sakamoto A, Ogawa S, 
et al. KMD-3213, a novel, potent, alpha 1a-adrenoceptor-selective 
antagonist: characterization using recombinant human alpha 
1-adrenoceptors and native tissues. Mol Pharmacol 1995;48: 
250-8.

46. Kawabe K, Yoshida M, Homma Y. Silodosin; Silodosin Clinical 
Study Group. A new alpha1A-adrenoceptor-selective antagonist 
for treating benign prostatic hyperplasia: results of a phase III 
randomized, placebo-controlled, double-blind study in Japanese 
men. BJU Int 2006;98:1019-24.

47. Kobayashi K, Masumori N, Hisasue S, Kato R, Hashimoto K, Itoh 
N, et al. Inhibition of Seminal emission is the main cause of aneja-
culation induced by a new highly selective alpha1A-blocker in 
normal volunteers. J Sex Med 2008;5:2185-90.

48. Michel MC. Alpha1-adrenoceptors and ejaculatory function. Br 
J Pharmacol 2007;152:289-90.

49. Takei R, Ikegaki I, Shibata K, Tsujimoto G, Asano T. Naftopidil, 
a novel alpha1-adrenoceptor antagonist, displays selective in-
hibition of canine prostatic pressure and high affinity binding to 
cloned human alpha1-adrenoceptors. Jpn J Pharmacol 1999;79: 
447-54.

50. Ikemoto I, Kiyota H, Ohishi Y, Abe K, Goto H, Kishimoto K, et al. 
Usefulness of tamsulosin hydrochloride and naftopidil in pa-
tients with urinary disturbances caused by benign prostatic hy-
perplasia: a comparative, randomized, two-drug crossover study. 



Korean J Urol 2012;53:139-148

Benign Prostatic Hyperplasia: from Bench to Clinic 147

Int J Uro 2003;10:587-94.
51. Nishino Y, Masue T, Miwa K, Takahashi Y, Ishihara S, Deguchi 

T. Comparison of two alpha1-adrenoceptor antagonists, naftopi-
dil and tamsulosin hydrochloride, in the treatment of lower uri-
nary tract symptoms with benign prostatic hyperplasia: a 
randomized crossover study. BJU Int 2006;97:747-51.

52. McConnell JD, Wilson JD, George FW, Geller J, Pappas F, Stoner 
E. Finasteride, an inhibitor of 5 alpha-reductase, suppresses pro-
static dihydrotestosterone in men with benign prostatic 
hyperplasia. J Clin Endocrinol Metab 1992;74:505-8.

53. Wurzel R, Ray P, Major-Walker K, Shannon J, Rittmaster R. The 
effect of dutasteride on intraprostatic dihydrotestosterone con-
centrations in men with benign prostatic hyperplasia. Prostate 
Cancer Prostatic Dis 2007;10:149-54.

54. McConnell JD, Roehrborn CG, Bautista OM, Andriole GL, Dixon 
CM, Kusek JW, et al. The long-term effect of doxazosin, finas-
teride, and combination therapy on the clinical progression of be-
nign prostatic hyperplasia. N Engl J 2003;349:2387-98.

55. Roehrborn CG, Siami P, Barkin J, Damião R, Major-Walker K, 
Nandy I, et al. The effects of combination therapy with dutas-
teride and tamsulosin on clinical outcomes in men with sympto-
matic benign prostatic hyperplasia: 4-year results from the 
CombAT study. Eur Urol 2010;57:123-31.

56. Kang KK, Kim JM, Yu JY, Ahn BO, Yoo M, Kim YC. Effects of 
phosphodiesterase type 5 inhibitor on the contractility of prostate 
tissues and urethral pressure responses in a rat model of benign 
prostate hyperplasia. Int J Urol 2007;14:946-51.

57. Liu CM, Lo YC, Wu BN, Wu WJ, Chou YH, Huang CH, et al. 
cGMP-enhancing- and alpha1A/alpha1D-adrenoceptor block-
ade-derived inhibition of Rho-kinase by KMUP-1 provides opti-
mal prostate relaxation and epithelial cell anti-proliferation 
efficacy. Prostate 2007;67:1397-410.

58. Rees RW, Foxwell NA, Ralph DJ, Kell PD, Moncada S, Cellek S. 
Y-27632, a Rho-kinase inhibitor, inhibits proliferation and adre-
nergic contraction of prostatic smooth muscle cells. J Urol 
2003;170:2517-22.

59. Gillespie JI, Markerink-van Ittersum M, de Vente J. cGMP-gen-
erating cells in the bladder wall: identification of distinct net-
works of interstitial cells. BJU Int 2004;94:1114-24.

60. Heidler S, Temml C, Broessner C, Mock K, Rauchenwald M, 
Madersbacher S, et al. Is the metabolic syndrome an independent 
risk factor for erectile dysfunction? J Urol 2007;177:651-4.

61. Azadzoi KM, Babayan RK, Kozlowski R, Siroky MB. Chronic is-
chemia increases prostatic smooth muscle contraction in the 
rabbit. J Urol 2003;170:659-63.

62. McVary KT, Monnig W, Camps JL Jr, Young JM, Tseng LJ, van 
den Ende G. Sildenafil citrate improves erectile function and uri-
nary symptoms in men with erectile dysfunction and lower uri-
nary tract symptoms associated with benign prostatic hyper-
plasia: a randomized, double-blind trial. J Urol 2007;177:1071-7.

63. Roehrborn CG, McVary KT, Elion-Mboussa A, Viktrup L. 
Tadalafil administered once daily for lower urinary tract symp-
toms secondary to benign prostatic hyperplasia: a dose finding 
study. J Urol 2008;180:1228-34.

64. Stief CG, Porst H, Neuser D, Beneke M, Ulbrich E. A randomised, 
placebo-controlled study to assess the efficacy of twice-daily var-
denafil in the treatment of lower urinary tract symptoms secon-
dary to benign prostatic hyperplasia. Eur Urol 2008;53:1236-44.

65. Barnes PM, Powell-Griner E, McFann K, Nahin RL. Complemen-
tary and alternative medicine use among adults: United States, 
2002. Adv data 2004;(343):1-19.

66. Wilt T, Ishani A, Mac Donald R. Serenoa repens for benign pro-

static hyperplasia. Cochrane Database Sys Rev 2002;(3):CD001423.
67. Dedhia RC, McVary KT. Phytotherapy for lower urinary tract 

symptoms secondary to benign prostatic hyperplasia. J Urol 
2008;179:2119-25.

68. Buck AC. Is there a scientific basis for the therapeutic effects of 
serenoa repens in benign prostatic hyperplasia? Mechanisms of 
action. J Urol 2004;172:1792-9.

69. Di Silverio F, D’Eramo G, Lubrano C, Flammia GP, Sciarra A, 
Palma E, et al. Evidence that Serenoa repens extract displays an 
antiestrogenic activity in prostatic tissue of benign prostatic hy-
pertrophy patients. Eur Urol 1992;21:309-14.

70. Vacherot F, Azzouz M, Gil-Diez-De-Medina S, Colombel M, De La 
Taille A, Lefrère Belda MA, et al. Induction of apoptosis and in-
hibition of cell proliferation by the lipido-sterolic extract of 
Serenoa repens (LSESr, Permixon in benign prostatic hyper-
plasia. Prostate 2000;45:259-66.

71. Barry MJ, Meleth S, Lee JY, Kreder KJ, Avins AL, Nickel JC, et 
al. Effect of increasing doses of saw palmetto extract on lower uri-
nary tract symptoms: a randomized trial. JAMA 2011;306:1344-51.

72. Jang DG, Yoo C, Oh CY, Kim SJ, Kim SI, Kim CI, et al. Current 
status of transurethral prostatectomy: a Korean multicenter 
study. Korean J Urol 2011;52:406-9.

73. Kim DK, Kim SJ, Moon HS, Park SY, Kim YT, Choi HY, et al. The 
role of TURP in the detection of prostate cancer in BPH patients 
with previously negative prostate biopsy. Korean J Urol 2010;51: 
313-7.

74. Ahmad S, O’Kelly F, Manecksha RP, Cullen IM, Flynn RJ, 
McDermott TE, et al. Survival after incidental prostate cancer di-
agnosis at transurethral resection of prostate: 10-year outcomes. 
Ir J Med Sci 2012;181:27-31.

75. van Renterghem K, van Koeveringe G, Achten R, van Kerrebroeck 
P. Long-term clinical outcome of diagnostic transurethral re-
section of the prostate in patients with elevated prostate-specific 
antigen level and minor lower urinary tract symptoms. Urol Int 
2009;83:60-5.

76. Mebust WK, Holtgrewe HL, Cockett AT, Peters PC; Writing 
Committee. The American Urlogical Association. Transurethral 
prostatectomy: immediate and postoperative complications. 
Cooperative study of 13 participating institutions evaluating 
3,885 patients. J Urol, 141:243-247, 1989. J Urol 2002;167:5-9.

77. Borboroglu PG, Kane CJ, Ward JF, Roberts JL, Sands JP. 
Immediate and postoperative complications of transurethral 
prostatectomy in the 1990s. J Urol 1999;162:1307-10.

78. Reich O, Gratzke C, Bachmann A, Seitz M, Schlenker B, 
Hermanek P, et al. Morbidity, mortality and early outcome of 
transurethral resection of the prostate: a prospective multicenter 
evaluation of 10,654 patients. J Urol 2008;180:246-9.

79. Baek M, Paick SH, Lee BK, Kang MB, Lho YS, Jung SI, et al. The 
efficacy of bipolar transurethral resection of the prostate in pa-
tients with large prostates (＞80 g) and analysis of the post-
operative results based on the resection ratio. Korean J Urol 
2008;49:1087-93.

80. Yoon CJ, Kim JY, Moon KH, Jung HC, Park TC. Transurethral 
resection of the prostate with a bipolar tissue management sys-
tem compared to conventional monopolar resectoscope: one-year 
outcome. Yonsei Med J 2006;47:715-20.

81. Mariano MB, Graziottin TM, Tefilli MV. Laparoscopic prostatec-
tomy with vascular control for benign prostatic hyperplasia. J 
Urol 2002;167:2528-9.

82. Baumert H, Ballaro A, Dugardin F, Kaisary AV. Laparoscopic 
versus open simple prostatectomy: a comparative study. J Urol 
2006;175:1691-4.



Korean J Urol 2012;53:139-148

148 You and Cho

83. Yun HK, Kwon JB, Cho SR, Kim JS. Early experience with laparo-
scopic retropubic simple prostatectomy in patients with volumi-
nous benign prostatic hyperplasia (BPH). Korean J Urol 2010;51: 
323-9.

84. Kim BH, Ryu DS, Oh TH. Initial experience of laparoscopic simple 
prostatectomy in patients with large benign prostatic hyper-
plasia. Korean J Urol 2008;49:418-23.

85. Kang SH, Choi YS, Kim SJ, Cho HJ, Hong SH, Lee JY, et al. 
Long-term follow-up results of photoselective vaporization of the 
prostate with the 120 W Greenlight HPS laser for treatment of 
benign prostatic hyperplasia. Korean J Urol 2011;52:260-4.

86. Kim HS, Cho MC, Ku JH, Kim SW, Paick JS. The efficacy and safe-
ty of photoselective vaporization of the prostate with a potas-
sium-titanyl-phosphate laser for symptomatic benign prostatic 
hyperplasia according to prostate size: 2-year surgical outcomes. 
Korean J Urol 2010;51:330-6.

87. Krambeck AE, Handa SE, Lingeman JE. Holmium laser enuclea-
tion of the prostate for prostates larger than 175 grams. J 
Endourol 2010;24:433-7.

88. Hwang JC, Park SM, Lee JB. Holmium laser enucleation of the 
prostate for benign prostatic hyperplasia: effectiveness, safety, 
and overcoming of the learning curve. Korean J Urol 2010;51: 
619-24.

89. Montorsi F, Naspro R, Salonia A, Suardi N, Briganti A, Zanoni 
M, et al. Holmium laser enucleation versus transurethral re-
section of the prostate: results from a 2-center prospective 
randomized trial in patients with obstructive benign prostatic 
hyperplasia. J Urol 2008;179(5 Suppl):S87-90.

90. Seki N, Mochida O, Kinukawa N, Sagiyama K, Naito S. Holmium 
laser enucleation for prostatic adenoma: analysis of learning 
curve over the course of 70 consecutive cases. J Urol 2003;170: 
1847-50.

91. Kuntz RM, Lehrich K, Ahyai S. Does perioperative outcome of 
transurethral holmium laser enucleation of the prostate depend 
on prostate size? J Endourol 2004;18:183-8.

92. El-Hakim A, Elhilali MM. Holmium laser enucleation of the pros-
tate can be taught: the first learning experience. BJU Int 
2002;90:863-9.


