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ABSTRACT

Surgical intervention for LUTS with BPH has changed significantly
over the past two decades. This paper reviews the treatment options
available to the urologist in the surgical treatment of LUTS with BPH. A
comprehensive MEDLINE (1970-December 2007) search of the Eng-
lish literature was performed to identify articles on the surgical treat-
ment of LUTS with BPH. This literature review summarizes the studies
to date and make recommendations for practicing urologists.
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INTRODUCTION

Benign prostatic hyperplasia (BPH) is a non-malignant enlarge-
ment of the prostate, the incidence of which increases with age. Pro-
gressive enlargement can lead to bladder outlet obstruction, which
can give rise to lower urinary tract symptoms (LUTS) or complications
such as urinary retention. BPH is also a complicated condition that
may negatively interfere with quality of life (QoL), causing lower urinary
tract symptoms (LUTS) [1]. Uncomplicated LUTS are usually initially
managed with lifestyle modification and drug treatment. According to
the 2003 American Urological Association (AUA) Practice Guidelines
Committee [2], men with mild LUTS and without bothersome symp-
toms may be managed with watchful waiting and periodic reevaluation.
Pharmacotherapy is the most widely used therapy for mild-to-severe
LUTS secondary to BPH [3]. a-Adrenergic blockers and 5-a-reduc-
tase inhibitors provide relief of symptoms with fewer and less serious
adverse effects than surgery [2], but a significant number of patients
inevitably demand intervention. Medications may have undesirable side
effects and often may not provide adequate relief for chronic severe
BPH. Patients with bothersome LUTS refractory to medical manage-
ment and those with complications of BPH are usually considered for
surgical intervention, in these cases, surgery or minimally invasive pro-
cedures may be offered. Surgical management of LUTS with BPH is a
more definitive, longer-lasting option than pharmacotherapy; these
therapies, however, often involve higher morbidity and a risk of mortality.

Transurethral resection of the prostate (TURP) was itself introduced
as a minimally invasive alternative to open prostatectomy in the surgi-
cal management of bladder outlet obstruction secondary to BPH. TURP
meant a reduced hospital stay and lower post-operative analgesia
requirements, although initial reports found higher re-treatment rates
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than those described with open prostatectomy. Its perceived advan-
tages meant that TURP rapidly became the surgical treatment of choice
for BPH, with open prostatectomy still having a role in the manage-
ment of larger glands. TURP improves both urine flow and symptoms,
but it requires general or regional anesthesia and is not without risks.
These include significant blood loss requiring transfusion, infection,
systemic water absorption (giving rise to transurethral resection [TUR]
syndrome), retrograde ejaculation, impotence and incontinence.

TURP is the gold-standard therapy for the treatment of BPH and
associated LUTS [2]. Recent technological advances and improve-
ments in technique have dramatically decreased TURP-related mor-
bidity [4]. The development of dedicated bipolar electrosurgical gen-
erators enables saline use for current conduction which more effec-
tively reduces granulation tissue and tissue charring compared with
monopolar TURP. The availability of video technology has eased pro-
cedure training and mastery. In recent years, less invasive alternatives
have sought to minimize or eradicate undesirable results, so there has
been a reduction in the number of surgical resections for BPH. This
may be explained, in part, by the coincident increase in the use of
pharmacological agents as first-line therapy. The popularity of medi-
cal therapy might also account for the increase in the average age of
patients now undergoing transurethral resection which has been noted
in some reports. While this has been offset by better surgical and an-
aesthetic techniques, the morbidity and mortality associated with TURP
has served to maintain an interest in developing alternative minimally
invasive techniques.

Minimally invasive therapy consists of transurethral needle abla-
tion (TUNA), transurethral microwave therapy (TUMT), chemotherapy
and urethral stents. These modalities, as well as laser vaporization,
coagulation, and enucleation are discussed below, as well as the role
of electrovaporization.

DATA SOURCES

A literature search was conducted via MEDLINE (1970-Decem-
ber 2007) using the key terms benign prostatic hyperplasia, lower uri-
nary tract symptoms, chemotherapy, urethral stents, water induced
thermotherapy, transurethral thermotherapy, laser therapy, and tran-
surethral therapy of the prostate as well as the MeSH headings benign
prostatic hyperplasia and lower urinary tract symptoms. Further stud-
ies were located using bibliographic review. In vivo trialsevaluating
surgical treatment for benign prostatic hyperplasia were reviewed. All
of the trials were published in English-language, peer-reviewed journals.
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URETHRAL STENTS

Investigative use of intraluminal stents into the peripheral arterial
system to prevent stenosis after balloon angioplasty began in 1969. In
1980, stents for patients at high surgical risk were introduced, avoid-
ing the use of an indwelling catheter or intermittent catheterization [2,
5]. Prostatic stents are coil-or spring-shaped wire devices placed in
the prostate channel to keep it open. The stent's insertion into the pro-
static urethra pushes away obstructive tissue. These devices are typi-
cally used in patients who cannot tolerate a surgical procedure with
general or spinal anesthesia due to another medical condition [2]; stents
are inserted most commonly into frail, elderly patients. Stents take nearly
30 minutes to place under local anesthesia. Major problems associ-
ated with stents include irritation and debris accumulation around the
stent, stent migration, and an increased incidence of urinary tract
infection.

The first temporary stents on the market were the Prostakath
(Doctors and Engineers, Copenhagen, Denmark) and Urospiral
(Porges, Paris, France). Both stents were made from stainless steel
and resembled a spring. They were initially used in patients with uri-
nary retention whowere a high surgical risk, and a high rate of compli-
cations soon emerged, including stent migration, obstruction,
encrustations, irritative symptoms, and perineal discomfort. Because
of this high complication rate, stents required removal in 30% of cases
[5]. However, the procedure was shown to be viable because it was
possible to reestablish urinary flow in many patients, with a higher rate
of success seen in acute than in chronic obstruction. The use of inter-
nal stents for permanent use arose at the same time as that for tempo-
rary use. As of July 2003, one prostatic stent (Urolume; American Medi-
cal Systems, Minnetonka, MN) was approved by the US Food and Drug
Administration for the treatment of symptoms secondary to BPH. Made
from a metal alloy, this stent has sizes measuring 1.5, 2.0, 2.5 and
3.0 cm. Itis a braided mesh cylinder designed to expand radially,
applying constant gentle pressure to hold open the sections of the
urethra that obstruct urine flow. The open, diamond-shaped cell de-
sign of the stent allows it to eventually become embedded in the urethra,
thus minimizing risk of encrustation and migration. The procedure can
be performed within 15 minutes under local anesthesia.

Approved BPH-related indications are to relieve prostatic obstruc-
tion secondary to BPH in men at least 60 years old, or men under 60
who are poor surgical candidates [2]. Limited evidence suggests that
a fixed stent may be more efficacious than other types of stents;
however, these patients experienced more transient irritative symp-
toms. The AUA 2003 guidelines [2] state that "because prostatic stents
are associated with significant complications, such as encrustation,
infection, and chronic pain, their placement should be considered only
in high-risk patients, especially those with urinary retention."

Ultimately, this quick procedure involves very low risk. Urethral
stents are associated with improvement in subjective (60%-90%) and
objective (55%) parameters, and 95% of patients with indwelling cathe-
ters return to spontaneous voiding after stenting. However, nearly 10%
of the stents become displaced and a 23% removal rate within 7 years
of placement has been reported [6]. Other reported complications in-
clude hematuria, stricture formation, worsening of LUTS, acute reten-
tion and recurrent urinary tract infections.
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CHEMOABLATION

The first report of intraprostatic injection is attributed to Stoll in
1877 for the treatment of a prostatic abscess [7]. Since then, many
reports have been published on this injection, mainly for the treatment
of BPH in high-risk surgical candidates. The most widely used agent is
anhydrous ethanol (98%), either via transrectal, transperineal, or tran-
surethral approach. The transurethral approach is the most commonly
preferred method [7]. A physician inserts a cystoscopic injection de-
vice into the urethra with a cystoscope. The needle tip is inserted into
the urethral wall of the prostate and alcohol is injected at two to five
points, depending on the size of the prostate. The injection induces
necrosis and sclerosis of the obstructing prostate tissue. The advan-
tage of transurethral injection over other techniques is the maintenance
of the prostatic pseudocapsule. This procedure is usually performed
on an outpatient basis in 30 minutes with local anesthesia or intrave-
nous sedation. Typically, patients are catheterized for 1 to 2 days after
the procedure. The most common side effects include dysuria and
hematuria.

Initial promising reports with this Japanese technology led to stud-
ies with dogs in the United States, and then a single-center experience
involving 15 patients in 2002 [2]. In 2004, a European prospective,
multicenter trial evaluated transurethral anhydrous alcohol injection in
115 patients [8]. Symptom scores, flow rates, QoL, and post-void re-
sidual (PVR) improved significantly after treatment. These results were
sustained for up to 12 months. Recently, other agents have also been
used to ablate prostate tissue. Botulinum toxin type-A has been dem-
onstrated to reduce prostatic volume by nearly 15% and improve flow
rates by 50% at the 1-year follow-up. In this series, there were no local
or systemic complications [9], but further studies are needed. The 2003
AUA BPH guidelines [2] state that alcohol injection is considered in-
vestigational and should not be offered outside the framework of clini-
cal trials. Overall, although ethanol ablation remains an investigational
treatment modality, outpatient procedures involve very low risk.

Transurethral Electrovaporization of the Prostate (TUVP)

Transurethral electrovaporization of the prostate (TUVP) is asso-
ciated with short term results comparable to TUR-P in terms of symp-
tomatic improvement, urinary flow rate and QoL parameters, but with
higher rates of storage LUTS, urinary retention and incontinence [10,
1]

Transurethral Vaporization Resection of the Prostate (TUVRP)

TUVRP is a modification of the standard TURP, in which a thick
loop is used in conjunction with increased electrosurgical settings. A
prospective randomized study from Riyadh by Talic et al [12] looked
at 68 patients assessed to have prostatic outflow obstruction. These
patients were randomized into TURP and TUVRP groups. The outcomes
assessed included efficacy (evaluated by the International Prostate
Symptom Score [IPSS]), maximum flow rate, operative time, catheter-
ization time, changes in hemoglobin and hematocrit values, changes
in sodium levels, and complications. The groups were well matched
on the basis of age, presentation, and prostate size. The mean follow-
up periods were 8.8 months (for the TURP group) and 9.2 months (for
the TUVRP group).

The IPSSs and the maximum flow rates were better in the TUVRP
group than in the TURP group. At the 6-month follow-up, the IPSSs



were 4 + 3.4 and 5.6 = 3.1 and the maximum flow rates were 19 =
6.5 mL/s (P=0.03) and 15.2 = 10 mL/s (P=0.01) for the TUVRP and
TURP groups, respectively. The resection time was longer in the TUVRP
group (42.5 = 15 min versus 35.9 = 12.8 min; P=0.02). This was at-
tributed to the slower swipes necessary for vaporization. The catheter-
ization time was shorter in the TUVRP group. Ninety-four percent of the
patients in the TUVRP group had their catheters removed within 24 h;
this compares with 60% of patients in the TURP group.

The changes in hemoglobin, hematocrit and sodium levels were
statistically significant, in favor of TUVRP, but were not clinically signifi-
cant in this study. There were no major complications, no one experi-
enced TUR syndrome, and no blood transfusions were required in ei-
ther group. The authors of this study concluded that TUVRP is as safe
and effective as TURP, and also has the advantages of less bleeding
(yielding improved visualization), greater debulking (as tissue is being
simultaneously resected and vaporized), and shorter catheterization
times.

Transurethral Resection of the Prostate (TURP)

Collective data show that TURP reduces symptom scores, in-
creases mean urinary flow rate by 9.7mL/s, reduces the PVR by 60%
and improves QoL by 34%-62% [13]. Strong correlations were found
between improvement in QoL and the presence of bladder over-activ-
ity or severity of symptoms before surgery. Complications of TURP
include hemorrhage (2.5%-7.2%), TUR syndrome (3.4%-4.7%), urinary
incontinence (0.7%-1.4%), urethral strictures (3.8%) and bladder neck
sclerosis (4%) [13].

Antibacterial and antithrombotic prophylaxis is recommended
before surgery to reduce the risk of intra-operative and postoperative
septic complications and to avoid hypercoagulability induced by pel-
vic surgery [14,15]. Intra-operative mortality during TURP was lower
than 0.25% in some studies, while the mortality rate within 30 days of
open prostatectomy is 0.62%. Long term mortality rates, when adjusted
for the presence of co-morbidities, were not significantly different be-
tween interventions [13,15]. Over an 8-year period, the re-intervention
rate was 12%-15.5% after TURP and 3.1%-4.5% after open prostatec-
tomy [13-17].

Transurethral Incision of the Prostate (TUIP)

TUIP was found to produce a subjective improvement similar to
that obtained with TURP in patients with prostate volumes <30 mL [18]
. Fewer complications and reduced surgery and recovery times have
been reported with TUIP compared with TURP, although re-interven-
tion rates appear to be slightly higher with TUIP (9.3 vs. 5.3%) [18].

The choice of the type of surgery should be based on the operator's
experience, the size of the prostate and the presence of co-morbid
conditions. Since there is no compelling evidence favoring one par-
ticular technique based on prostate volume, it endoscopic interven-
tions are recommended instead of open prostatectomy in patients with
prostate volumes < 40-50 mL. Likewise, no conclusive data has
emerged on the appropriate length of follow-up and, therefore, a mini-
mum follow-up of 3-6 months is recommended.

Open Prostatectomy

Open prostatectomy reduces symptom scores, increases mean
urinary flow rate by 20.4 mL/s, reduces PVR by 92-121 mL and im-
proves QoL significantly [19,20]. The complications include hemor-
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rhage (12.4%-13%), urinary incontinence (0.1%-10%), urethral stric-
tures (2%) and bladder neck sclerosis (2.5%) [19-21].

High-Intensity Focused Ultrasound (HIFU)

Transrectal HIFU therapy is the only technique that provides non-
invasive tissue ablation; however, general anaesthesia or at least heavy
intravenous sedation is required. Improvement of urinary symptoms is
in the range 50%-60% and the Qmax increases by a mean 40%-50%.
Long-term efficacy is limited, with a treatment failure rate of approxi-
mately 10% per year. No data are yet available from randomized, con-
trolled trials [22].

Transurethral Microwave Thermotherapy (TUMT)

Several transurethral microwave thermotherapy (TUMT) devices
have been developed for the treatment of BPH. These include
CoreTherm (ProstaLund), Prostcare (HighTechCare), Prostatron and
Targis (Urologix). While they differ in how they deliver the energy and
how they monitor its effects, they are conceptually the same. All re-
quire the insertion of a specially designed urethral catheter that lo-
cates a microwave antenna within the prostate. The antenna produces
microwaves that pass into the prostate tissue where they are absorbed,
causing heat production that results in cellular destruction.

Treatments typically last between 10 minutes and one hour with
some machines tailoring the duration of treatment specifically to the
individual. Thermotherapy causes a significant amount of tissue edema
which requires a period of urethral catheterization after the procedure,
typically one to two weeks. More recently, prostatic bridge catheters
have been used, which negate the inconvenience and complications
associated with indwelling catheters [23-26].

Studies comparing TUMT with 'sham' treatment have reported
reductions in urological symptom scores on the order of 50% after
TUMT. While most noted reductions in symptoms in those patients re-
ceiving 'sham' treatment, these reductions were significantly less than
in patients receiving TUMT, thereby confirming a mechanism of action
other than simply placebo [27].

A recent systematic review identified six distinct randomized con-
trolled trials comparing TUMT with TURP in men with symptomatic BPH.
The pooled mean symptom score for men receiving TUMT decreased
65% in 12 months, compared with 77% for men undergoing TURP. A
mean increase in the peak urinary flow rate of 70% was noted following
TUMT, compared with 119% after TURP. While retreatment rates were
significantly higher after TUMT, adverse events were generally lower
compared with TURP [28].

TUMT therefore provides a one-off treatment for symptomatic BPH
that is superior in terms of efficacy and durability to medical therapy or
watchful waiting, and safer than TURP. Furthermore, it does not re-
quire general anesthesia and can be performed on an out-patient basis.

Transurethral Needle Ablation (TUNA)

Transurethral needle ablation (TUNA) uses radiofrequency energy
to cause heating and ablation of the prostate. Like TUMT, coagulative
necrosis is achieved at temperatures higher than 45°C and its tissue
effects can be adjusted by altering the treatment settings, thereby tai-
loring the treatment to the individual. Radio waves are delivered to the
prostate by means of two sheathed needles placed within the prostate.
The procedure can be performed using local anesthesia, usually with
sedation. Preservation of the prostatic urothelium minimizes irritative
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voiding, hematuria and urinary retention after the procedure. A cathe-
ter is normally left in place for between one and three days after
treatment, while the procedure-related edema resolves.

A recent meta-analysis assessed the effectiveness of TUNA. Two
randomized controlled trials, two comparative studies and nine case
series were identified. A total of 1,244 patients had an evaluable IPSS
and estimates of maximum urine flow rates were given for 1,331 patients.
TUNA was found to reduce the IPSS by a mean 12.1 points and in-
crease the maximum urine flow rate by approximately 70% from base-
line at one year, although significantly greater improvement in symp-
toms and urine flow rates were observed after TURP. Assessment at
five years suggested that these improvements were durable [29,30].

Transient dysuria and hematuria are commonly reported after
TUNA. A randomized controlled trial comparing TUNA with TURP re-
ported fewer adverse events with TUNA. Rates of retrograde ejaculation,
erectile dysfunction, urinary incontinence and stricture formation were
lower after TUNA than after TURP. Retreatment rates were higher after
TUNA, with 13.8% of patients requiring further intervention for symp-
toms of BPH during the five-year follow-up.

A single treatment with TUNA can provide a level of efficacy ap-
proaching that of TURP, but with fewer complications. It is an 'office'
procedure that does not require hospitalization and allows the patient
to return rapidly to normal function. Symptomatic improvement may
not be as durable as TURP.

Interstitial Laser Coagulation (ILC)

Interstitial laser coagulation (ILC) is performed by inserting a
fiberoptic laser probe through a cystoscope into the prostate at fixed
points. Laser energy is applied (Nd:YAG or diode) for nearly 3 minutes
to coagulate each area of the obstructing prostate, thereby producing
tissue necrosis [2]. The laser applicator may emit energy in all direc-
tions or only circumferentially forward. This technique delivers energy
directly into an adenoma to produce coagulation necrosis. Unlike other
laser treatments that cause postprocedural tissue sloughing following
surface treatment, the treated tissue atrophies are absorbed over sev-
eral weeks. Initially, this technology was developed for use with an Nd:
YAG laser of 1.024 nm but has since been modified for use with a
diode laser of 805 to 980 nm [2]. This procedure can be performed in
the office or an outpatient setting in a short time; postprocedure cathe-
terization may require 7 to 21 days. Like other laser procedures, ILC
destroys tissue and tissue is not generally available for histological
examination.

Two randomized and three nonrandomized trials enrolling nearly
500 patients have compared ILC with TURP [31]. In general, these
trials found similar improvements in IPSS symptom scores and flow
rates between the two groups. However, when a diode laser was used
to apply low-power energy (10 W maximum), the results were not as
efficacious as TURP in terms of QoL improvement, symptom score, or
flow-rate improvement. Limited evidence is available for comparison
with TUMT; however, there appears to be a higher rate of minor com-
plications with ILC.

Visual Laser Ablation of the Prostate (VLAP)
Contact Laser Ablation of the Prostate (CLAP)

The Nd:YAG laser is most commonly used for its coagulative ef-
fect although higher power settings do result in tissue vaporization.
Examples of treatments that utilize the neodymium laser include visual
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laser ablation of the prostate (VLAP), contact laser ablation of the pros-
tate (CLAP) and interstitial laser coagulation of the prostate (ILC).

VLAP and CLAP were found to induce subjective and objective
improvement comparable to TURP, with a significantly lower incidence
of blood loss and retrograde ejaculation (22%). However, the catheteri-
zation time appears to be longer (up to 120 days) and the incidence of
post-operative storage LUTS is higher (80%). Re-treatment rates (up
to 44% at 5 years) also seem to be significantly higher after laser therapy
than after TURP [32,33].

Potassium Titanyl-Phosphate Laser (KTP Laser)

The KTP laser has been used for thermal ablation of prostatic tis-
sue (Green Light PV and HPS; American Medical Systems, Minnetonka,
MN). When the Nd:YAG laser passes through a KTP crystal, it doubles
its frequency and halves its wavelength to 532 nm [4]. The laser emits
a visible green light that is highly absorbed by hemoglobin but not
water. Thus, green laser light is strongly absorbed within a very super-
ficial layer of tissue because the blood vessels and hemoglobin con-
tained therein serve as primary absorbers. This photoselective vapori-
zation of the prostate (PVP) leads to heat formation and vaporization of
prostatic tissue [34,35]. Ex vivo studies have demonstrated a coagula-
tive zone depth of 1 to 2 mm, making this technique a relatively blood-
less ablative procedure. The prostate tissue is vaporized under direct
vision using the laser fiber in a side-firing, near-contact sweeping
technique. A TURP-like cavity is achieved with this procedure.

The endpoint of a PVP procedure is noted by a significant reduc-
tion in the generation of vapor bubbles, indicating that the adenoma
has been completely removed. Although the cavity created by a PVP
is not as smooth as after a TURP, capsular fibers can be seen. With all
these properties, 80 W KTP laser vaporization of the prostate seems to
combine the tissue-debulking properties of TURP with the well-known
hemostatic properties of other lasers. The indications for PVP are the
same as those for TURP (there are no exclusion criteria for PVP in
terms of median-lobe enlargement or prostate size).

A short-term study revealed improvement in symptom scores, flow
rate, and PVR [36]. In this series, two patients with a prostate gland
larger than 100 g underwent a staged procedure without complications.
Prostate volume reduction ranged from 30% to 44% with an average
prostate-specific antigen reduction of 30% [35,36]. A significant de-
crease in IPSS values (11.2 to 18.9 points), as well as an increase in
flow rates (11.0 to 19.3 mL/sec) were seen the first postoperative year
[35,37]. Comparison between TURP and PVP revealed a shorter surgi-
cal time for TURP (49 vs. 59 min). Despite longer operative times, PVP
allowed earlier catheter removal, earlier discharge, less need for
analgesics, and reduced decreases in hemoglobin and sodium levels
[34]. After a 6-month follow-up, TURP and PVP had similar flow rates,
symptom scores, and PVR and QoL data. Another study revealed stable
results through the first year [38]. The incidence of urethral strictures
and dysuria with PVP was comparable to published TURP data.

When PVP was performed in 24 men with anticoagulant therapy, it
proved to be safe and effective [37]. No thromboembolic events, gross
hematuria, clot retention, or need for transfusion were seen. Also, flow
rates, symptom scores, and PVR improved up to 12 months after the
procedure.

This procedure is safe for patients taking anticoagulants and of-
fers good results for larger prostates and those with a median lobe.
Most patients have a short hospital stay or it can be done an outpatient



procedure. It requires local anesthesia with or without sedation in most
patients. It does not provide tissue for pathology, however, and it re-
quires laser safety equipment and caution.

Recently, Ruszat and colleagues found the procedure led to im-
mediate and sustained improvement in voiding parameters, and it could
even be used in patients receiving oral anticoagulation [39]. The team
studied 500 patients at a single center with LUTS secondary to BPH
who underwent Greenlight PVP using an 80 Watt system and were
followed-up for a median of 30.6 months. The mean age of the patients
was 71.4 years, and the mean pre-operative prostate volume was
56.1 mL. The mean energy delivered was 206 kJ during a mean op-
eration time of 66.4 minutes. Despite ongoing oral anticoagulation in
45% of the patients, there were no severe intra-operative complications.
The mean catheterization and postoperative hospitalization times were
1.8 and 3.7 days, respectively. A three-year follow-up in 131 patients
showed that the mean IPSS was reduced from 18.3 at baseline to 8.0,
and the mean quality-of-life questionnaire score from 3.0 to 1.3.
Furthermore, the maximal flow rate improved from 8.4 to 18.4 mL/sec,
and post-void residual volume decreased from 208 to 28 mL.
Retreatment occurred in 6.8% of patients due to insufficient first va-
porization or regrowth of prostatic tissue. Urethral and bladder neck
strictures were observed in 4.4% and 3.6% of the patients, respectively,
leading to a total reoperation rate of 14.8%. The authors noted that
mean energy delivery was significantly lower in men needing
retreatment than others, at 184 versus 208 kJ, respectively and sug-
gest that adequate energy delivery is necessary to achieve a satisfac-
tory outcome.

Holmium Laser Ablation of the Prostate (HOLAP)
Holmium Laser Resection of the Prostate (HOLRP)
Holmium Laser Enucleation of the Prostate (HOLEP)

Surgical use of a holmium laser for BPH has evolved since its
introduction in 1994. Initially, holmium laser ablation of the prostate
(HoLAP) involved the use of side-firing and end-firing laser fibers to
vaporize and ablate prostate tissue [2]. Relief of obstruction is
immediate, unlike other laser procedures such as VLAP in which bene-
fits are seen only after a delay. However, HoLAP does not yield tissue
for histologic analysis, therefore surgeons later developed holmium
laser resection of the prostate (HOLRP). In HOLRP, the surgeon resects
prostate tissue into pieces small enough to be removed with bladder
irrigation and a grasping forceps or a modified resectoscope loop.
Compared with TURP, however, HoLRP yields less tissue for analysis,
and the available tissue is of lower quality due to thermal artifacts.
These problems, in addition to relatively long operative times, moti-
vated the development of holmium laser enucleation of the prostate
(HOLEP) in conjunction with a tissue morcellator. In HoLEP, an entire
prostate lobe can be separated from connective tissue by dissecting
between the surgical capsule and adenoma, much like shelling out an
adenoma during open prostatectomy and depositing it in the bladder
[40,41]. The laser fiber tracks the exact plane as the surgeon's index
finger when performing open surgery. The lobes are then removed
from the bladder using a tissue morcellator [4].

Decisions to use the holmium laser procedure are based on pros-
tate size. Patients with small prostates are candidates for HoLAP. Pa-
tients with moderately sized prostates can be treated with HoLRP. In
an experienced surgeon's hands, HoLEP can be used to treat very
large prostates (>100 g). The major advantage of the holmium laser is
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its ability to coagulate tissue simultaneously with tissue incision,
vaporization, resection, or enucleation. This markedly reduces post-
operative as well as intraoperative bleeding. These lasers are expensive,
however, and require extensive surgical training. There is a steep learn-
ing curve associated with holmium laser use; at least 25 HoLEP proce-
dures on small prostates may be necessary before a surgeon feels
comfortable treating a patient with a large prostate [42].

One study reporting a mean HoLAP follow-up of 89 months evalu-
ated 43% of the initial cohort [40]. This group received a durable im-
provement in urinary parameters after 3 months and 7 years follow-up
(Qmax, 14.5 mL/sec and 16.8 mL/sec, respectively; IPSS, 8.3 and
10.0). A satisfactory result was achieved after a long follow-up, but the
mean surgical time of 75 minutes versus the TURP mean surgical time
of 40 minutes indicates use in small prostates only [41].

Limited evidence demonstrates that HoLRP and TURP improve
symptoms to a similar degree. No published controlled trials have com-
pared the use of different HOLRP devices. Data from three trials sug-
gest that HoLRP takes longer to perform compared with TURP (41 vs.
25 min); however, patients who received HoLRP had statistically shorter
hospital stays (1.1 vs. 2.0 d) and catheterization times (0.8 vs. 1.6 d).
Two years after HoLRP treatment, nearly 8% of patients required an
additional surgical procedure [41].

Trials involving HoLEP only have enrolled patients with large
prostates. A prospective study comparing HoLEP to TURP showed
that although HoLEP had significantly longer operative times, it had
greater tissue removal efficiency, as well as a decreased need for
irrigation, shorter catheter times, and reduced hospital stay [42]. Re-
searchers performed urodynamic studies at 6 months and demon-
strated a significant improvement in flow rates and Schaefer grade in
the HoLEP group. Another randomized trial compared HoLEP with open
prostatectomy for large prostates (>100 g, range 100 to 230 g) [43].
Both treatments had similar preoperative volume and weight of tissue
removed, but the operative time was significantly longer for HoLEP
(140 vs. 90 min). Blood loss, catheter time, and hospital stay were
reduced for patients undergoing HoLEP.

In terms of advantages, HoLAP involves low morbidity and re-
quires local anesthesia in an outpatient setting for small prostates only.
No tissue is obtained for histologic analysis, however, and HoLAP is
associated with prolonged postoperative catheterization rates [44,45].

New data from randomized controlled trials confirm that HoLEP
has an efficacy profile comparable to TURP, with similar improvements
versus baseline in IPSS scores (by 76%-92%), QoL (70%-83%) and
urodynamic parameters (2- to 4-fold increases In Qmax), and similar
1-year complication rates such as urethral strictures (1.7%-3.8%) and
stress incontinence (1.1%-2%)[43]. In the peri-operative period HoLEP
offers advantages in terms of a shorter catheterization time and hospi-
tal stay, but it seems to be associated with a higher rate of transient
dysuria and stress incontinence (probably due to morcellation). In pa-
tients with larger prostates (>100 mL), HoLEP compares favourably
with open prostatectomy in terms of catheterization time, hospital stay
and blood transfusions [43].

HoLEP is safe for patients on anticoagulants or with bleeding
disorders, as well as those with large prostates (>100 g). Compared
with TURP, it provides tissue for histologic analysis and earlier cath-
eter removal and discharge. HoLEP has a steep learning curve and is
associated with longer operative times. However, HoLEP has been
shown to achieve results comparable to TURP and open prostatec-
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tomy [19,46], but these data need confirmation because of the short
duration of the studies and the high percentage of patients who were
lost to follow-up.

Elzayat et al reported a retrospective analysis of 118 patients who
underwent HoLEP between March 1998 and February 2001[47]. The
mean patient age was 76.5 years (range: 59-93) and the mean preop-
erative prostate volume was 59.3 mL (range: 20-172). The mean fol-
low-up period was 49.4 = 28.1 months. The mean catheter time and
hospital stay were 1.3 and 1.5 days, respectively. Seventy-eight per-
cent of the patients were discharged home within 24hours after surgery.
For the patients (n=26) who had objective data 6 years postoperatively,
the mean maximum flow rate increased from 6.3 to 16.2 mL/s and the
mean postvoid residual urine decreased from 232 to 41.2 mL (p<
0.0001). The mean IPSS improved from 17.3 to 5.6 (p<0.0001). Blad-
der-neck contracture and urethral stricture developed in 0.8% and
1.7% of patients, respectively. The reoperation rate for recurrent be-
nign prostatic hyperplasia obstruction was 4.2%. The authors concluded
that HoLEP represents a safe and effective treatment for patients with
symptomatic enlarged prostates. The improvement in outcome pa-
rameters is durable, and the rates of late complications and reoperation
are very low.

DISCUSSION

The search continues for a minimally invasive treatment for BPH
that is as effective as TURP but has less associated morbidity. Existing
minimally invasive treatments for BPH are generally considered to be
less effective than TURP, but carry less risk. Given this balance be-
tween safety and efficacy it is extremely important to consider an indi-
vidual patient's situation when evaluating these treatments. For example,
an elderly patient with significant co-morbidity might be willing to have
a less durable and even less effective treatment if it allows spontane-
ous voiding and a quick return to normal activity. A young patient may
choose a potentially less durable treatment, accepting the likely need
for further intervention, if the risks associated with the more invasive
alternative can be avoided or at least deferred. Each of the minimally
invasive procedures considered in this review may therefore have a
place in the management of BPH. Further research concentrating on
long-term safety and efficacy outcomes will define their role more
precisely.

CONCLUSIONS

Despite the development of new technologies, transurethral re-
section of the prostate TURP is still considered the gold standard for
surgical treatment of LUTS with BPH. In general, new minimally inva-
sive treatments have not demonstrated better outcomes than TURP in
the evidence- based medical trials published to date, and should be
reserved for patients who prefer to avoid surgery, who are unsuitable
candidates for surgery or who no longer respond favorably to
medication. While TURP is an effective and time-tested treatment option,
in certain situations other approaches may be more appropriate as the
search continues for a new "gold standard".
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