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Although transurethral resection of the prostate (TURP) remains the gold
standard for the surgical treatment of benign prostatic hyperplasia (BPH), this
approach is associated with a high recurrence rate and numerous
postoperative complications. Recently, advancements in equipment and
surgical techniques have led to the increased clinical application of
anatomical endoscopic enucleation of the prostate (AEEP). The primary
devices used in AEEP include bipolar plasma systems, holmium lasers, and
thulium lasers. This article presents a narrative review evaluating the
performance of these three energy sources in surgery and provides a
comparative analysis of their advantages and disadvantages.
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1 Introduction

BPH is the most prevalent benign neoplasm responsible for lower urinary tract
symptoms (LUTS) in middle-aged and elderly men. Its pathogenesis is attributed to
uncontrolled proliferation of stromal and epithelial cells in the transition zone (TZ)
and periurethral region, ultimately leading to benign prostatic enlargement (1). The
size of the prostate in an adult male is about 25 g (2), and its size increases to varying
degrees with age. BPH can cause varying degrees of bladder outlet obstruction (BOO),
primarily due to urethral compression induced by prostate enlargement, leading to
impaired urinary flow. Clinical manifestations may include lower urinary tract
symptoms (LUTS), infections, urinary retention, and other complications (3).
Although LUTS can result from a wide range of etiologies, voiding LUTS are most
commonly attributed to BOO secondary to BPH (4). To manage BOO caused by BPH,
both pharmacological and surgical interventions are well-established clinical
approaches. For patients with mild BPH symptoms, drug therapy is considered the
first-line treatment option. Available pharmacological regimens include: a-adrenergic
receptor blockers, 5a-reductase inhibitors, phosphodiesterase-5 (PDE5) inhibitors,
3-agonists, anticholinergic agents, and combination therapies involving these different
drug classes (5). However, while medications can alleviate a variety of urinary
symptoms caused by BPH, their effectiveness is limited in cases of significantly
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enlarged prostates. Additionally, the side effects of
pharmacological treatments and the financial burden associated
with long-term medication use present considerable challenges
for many BPH patients. Furthermore, disease progression often
continues gradually in many patients despite receiving drug
therapy. In this context, surgical intervention has emerged as an
effective therapeutic option for significantly improving urinary
obstruction in BPH patients (6). Currently, surgical treatment
for BPH is increasingly shifting toward minimally invasive
approaches. Clinicians are transitioning from traditional open
prostatectomy to endoscopic procedures, which involve the use
of specialized instruments inserted transurethrally to remove
excess prostate tissue. This shift not only enhances surgical
precision but also significantly reduces postoperative discomfort
for patients. At present, although TURP is still regarded as the
widely recognized gold standard for the surgical treatment of
BPH (7), it is still associated with a range of postoperative
complications and surgical contraindications that can negatively
impact patients’ quality of life after surgery. With the ongoing
advancement of medical equipment and surgical techniques,
plasma devices and lasers have been increasingly utilized in the
their
advantages in achieving better operative outcomes. Additionally,

surgical treatment of BPH, demonstrating unique
the preferred surgical approach has gradually transitioned from
TURP to TUEP (8). Therefore, we herein discuss the differences
between bipolar plasma technology and laser technology in the
surgical treatment options for BPH. This discussion will clarify
the selection criteria for these surgical approaches in various
scenarios and present the current clinical application status of

these techniques.

2 Technology overview and working
principle

2.1 Bipolar plasma kinetic

The cutting system of bipolar plasma devices consists of two
electrodes: a radiofrequency electrode and a return electrode,
both integrated within the resectoscope loop. This configuration
allows the current to flow directly through the loop, thereby
significantly reducing the current pathway through the patient’s
body via a neutral plate and consequently minimizing potential
interference with implanted cardiac pacemakers (9). In contrast
to monopolar devices, which require non-ionic irrigation
solutions as the conductive medium in the bladder—where these
hypotonic solutions carry a significant risk of systemic
absorption, potentially leading to water intoxication or even fatal
outcomes—bipolar plasma technology operates effectively using
isotonic normal saline. This approach substantially reduces the
incidence of transurethral resection syndrome (TURS) while
simultaneously allowing for extended procedure durations to
(10). In the

management of BPH, bipolar plasma devices equipped with

manage larger prostate volumes surgical

plasma resectoscope loops offer an expanded cutting surface
area and operative range. This system demonstrates a relatively
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simplified operation compared to alternative devices, leading to
higher
Depending on the surgical indications, this technology can be

adoption rates in many primary care hospitals.
utilized for either transurethral resection of the prostate (TURP)
or bipolar transurethral

TUEP) (11).

enucleation of the prostate (B-

2.2 Holmium laser enucleation of the
prostate (HoLEP)

The Yttrium Aluminum Garnet (YAG) crystal serves as a
widely utilized solid-state laser medium in holmium laser
systems. The holmium laser emits pulsed radiation at a
wavelength of 2,140 nm, which demonstrates strong water
absorption characteristics. This property facilitates its clinical
applications, not only in lithotripsy procedures but also in soft
tissue ablation, including the surgical treatment of benign
prostatic hyperplasia. The laser exhibits a shallow tissue
penetration depth of 0.4 mm in prostatic tissue, resulting in
both vaporization effects through photothermal ablation and
coagulation of blood vessels up to 2 mm deep. These combined
effects enhance intraoperative hemostasis during surgical
procedures (12). The advantage of the holmium laser in benign
prostatic hyperplasia surgery lies in its superior ability to
manage large-volume prostate hyperplasia. It achieves adenoma
resection volumes comparable to those of open prostatectomy
while providing the benefits of minimally invasive transurethral
surgery and promoting a more favorable postoperative recovery
(13). Moreover, in the surgical management of patients
requiring anticoagulant therapy, holmium laser enucleation can
be performed without the need to discontinue anticoagulant
medications. Although this approach may lead to prolonged
postoperative  hospitalization and an extended duration
of indwelling catheter use, it significantly reduces the risk of
thromboembolic events associated with the withdrawal of
anticoagulants. This evidence underscores the enhanced safety
profile of holmium laser enucleation for patients undergoing
anticoagulation therapy (14). To date, an increasing number of
clinicians have adopted holmium laser enucleation combined
with a morcellator for prostatectomy in order to achieve

improved surgical outcomes (15).

2.3 Thulium laser enucleation of the
prostate (ThuLEP)

The thulium laser emits continuous-wave visible light at a
wavelength of 2,013 nm, which is characterized by high water
absorption and a penetration depth of 0.25 mm. Currently, the
predominant thulium laser systems include Tm:YAG (Revolix)
and Tm-fiber (Vela XL). Due to its relatively lower power and
higher cutting efficiency, the thulium laser has been widely
adopted in urological procedures, such as stone treatment and
prostate surgery (16). The active medium in thulium laser
devices comprises thulium-doped silica fiber matrices. This
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design enables efficient air cooling, effectively mitigating thermal
buildup during extended operation and reducing mechanical
disturbances typically associated with conventional cooling
systems (17). The thulium laser system employs a diode-based
pumping mechanism, which is different from the flashlamp-
pumped holmium laser configuration. This design requires less
power input while maintaining a stable high-power output,
thereby eliminating the need for additional fiber cooling
measures during operation (18). The thulium laser’s continuous-
wave emission mode results in shallower tissue penetration (0.2-
0.3 mm), allowing for immediate tissue vaporization. With its
emission wavelength closely matching the water absorption peak
(approximately 2,013 nm), this laser system provides precise
cutting control in soft tissue surgeries, such as prostate
procedures, which may contribute to reduced collateral tissue
damage (19). The thulium laser system, equipped with quartz
fiber, demonstrates lower acoustic emissions during operation
and enhanced portability compared to conventional systems. In
surgeries for benign prostatic hyperplasia, its tissue interaction
mechanism relies primarily on direct laser cutting rather than
vapor bubble separation. Combined with its characteristically
shallow penetration depth of 0.2-0.3 mm, this system exhibits a
superior capability for preserving peri-prostatic soft tissues.
Clinical evidence suggests that this technological profile may
correlate with improved functional outcomes, including the
preservation of erectile function, when compared to alternative
surgical modalities (20).

3 Advantages and disadvantages of the
three surgical instruments

3.1 B-TUEP

3.1.1 Advantages

Since the initial description of transurethral prostate
enucleation in 1989, prostate enucleation techniques have gained
popularity as a surgical option for managing BPH (21). In 2006,
Neill et al. utilized a bipolar energy system as an alternative to
laser energy, defining the procedure as bipolar enucleation of
the prostate (BipolEP) (22). The bipolar system generates
localized, high-density current exclusively at the resection loop,
preventing current from passing through the patient’s body.
This significantly reduces the complications associated with
monopolar systems. Consequently, it has been widely adopted in
clinical practice across major hospitals in Asia (23). Meanwhile,
some scholars suggest that bipolar plasma surgery may provide
lower operational costs compared to other surgical instruments,
potentially alleviating the financial burden on patients (24).
Additionally, B-TUEP achieves a more comprehensive adenoma
resection compared to B-TURP, demonstrating advantages in
alleviating bladder outlet obstruction and enhancing prostate
tissue removal rates. These factors may contribute to lower
recurrence rates of BPH (25). Furthermore, regarding the
learning curve, B-TUEP demonstrates a shorter training period

compared to other laser surgeries and is comparable to
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conventional TURP. This feature may allow junior surgeons
to attain proficiency more quickly and perform the procedure
independently, potentially providing clinicians with a safer
and more efficient surgical option (26). Regarding surgical
efficacy, studies with follow-up data ranging from 6 to 12
months indicate that B-TUEP demonstrates significantly
higher Qmax and lower IPSS scores compared to monopolar
TURP during this postoperative period. Additionally, B-TUEP
shows superior performance in reducing the incidence of
TURS relative to monopolar TURP, while no significant
differences were observed in complications such as retrograde
ejaculation and urinary tract infections (27). For large-volume
prostate surgery, B-TUEP demonstrates comparable efficacy
to open transvesical prostatectomy in both short-term and
mid-term outcomes, while requiring shorter irrigation
durations and hospital stays. These findings indicate that
B-TUEP achieves similar resection outcomes to open surgery
while providing the advantages of a minimally invasive
approach, leading to improved postoperative recovery (28).
Moreover, bipolar plasma devices demonstrate lower
equipment costs compared to alternative systems, which may
their

comparison to laser-based technologies (29).

partially account for wider clinical adoption in

3.1.2 Disadvantages

In comparison to laser enucleation for large-volume
prostate surgery, bipolar plasma systems do not demonstrate a
significant advantage in operative efficiency. Research
evidence indicates that laser procedures exhibit superior
performance in both operative duration and hemoglobin loss,
highlighting certain limitations of bipolar plasma technology
in large prostate enucleation procedures (30). Additionally,
B-TUEP is associated with longer postoperative hospital stays
compared to laser prostate enucleation procedures. This
difference may be attributed to the superior hemostatic
efficiency of laser systems, which can lead to shorter
durations of catheterization and reduced bladder irrigation
requirements following laser surgery (31). Several studies
comparing postoperative recovery patterns among different
BPH reported that
procedures require longer convalescence periods than laser

This
hospitalization,

surgical treatments have bipolar

techniques. extended recovery duration, in turn,

prolongs which may negatively impact
patients’ quality of life (32). The larger physical dimensions
of bipolar plasma electrodes, in comparison to laser fibers,
inevitably compromise the surgeon’s field of view, which may
subsequently affect surgical efficiency. Additionally, when
addressing BPH cases complicated by concurrent bladder
stones, bipolar plasma systems lack integrated lithotripsy
capabilities, potentially requiring additional instruments for
stone fragmentation, which may accelerate device wear. In
contrast, laser enucleation systems allow for simultaneous
stone management, thereby enhancing procedural efficiency

and reducing operative time (33).
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3.2 HoLEP

3.2.1 Advantages

HoLEP has been established as a size-independent surgical
treatment for benign prostatic hyperplasia. Clinical studies
demonstrate that it has comparable therapeutic efficacy to open
prostatectomy (OP), while offering advantages such as shorter
catheterization duration, reduced intraoperative blood loss, and
faster postoperative recovery, all attributable to its minimally
invasive nature (13, 34). The holmium laser generates distinctive
plasma bubbles at the fiber tip when used in a saline medium.
These bubbles are recognized as rapidly expanding vapor bubbles
that exhibit dilatational effects. Upon expansion and subsequent
collapse, these bubbles produce localized cavitational energy,
generating pressure waves that can induce rapid tissue collapse
and ablation. This mechanism ultimately facilitates blunt tissue
dissection. As a result, operators can maintain the fiber at a
distance of 3-4 mm from the cutting plane, allowing for the
creation of a well-defined anatomical plane between the adenoma
and the surgical prostatic capsule (29, 33). Comparative studies
have shown that HoLEP is associated with better outcomes
compared to B-TUEP, including less hemoglobin loss and a lower
incidence of surgical complications. These findings indicate
potential advantages of HoLEP in terms of both therapeutic
efficacy and procedural safety (35). Several studies have reported
that HOLEP vyields superior outcomes compared to TURP in
terms of surgical
bleeding. This
mechanisms: First, the combined vaporization and coagulation

complications, particularly intraoperative

advantage may be attributed to two key

effects of laser energy during enucleation facilitate simultaneous
anatomical dissection and hemostasis of the prostatic vasculature.
Second, unlike the repetitive cutting motion of TURP, which
creates multiple fresh vascular openings, HoLEP employs a single-
plane coagulation technique at the level of the prostatic capsule,
resulting in more effective hemostasis while preserving optimal
surgical visibility (36). These findings demonstrate the superior
hemostatic performance of the holmium laser compared to
bipolar plasma and other surgical instruments, which may explain
the particularly favorable outcomes of HOLEP in patients
requiring preoperative anticoagulation therapy (37). A meta-
analysis revealed that although HoLEP requires a longer operative
time, it demonstrates superior postoperative outcomes, including
a shorter duration of catheter indwelling and reduced hospital
stays compared to alternative procedures. Patients undergoing
Holmium laser surgery experienced significantly shorter recovery
periods (36). A 10-year follow-up study demonstrated that
HoLEP provides lasting improvement in BOO symptoms. Long-
term data indicate lower recurrence rates of obstructive symptoms
compared to other surgical modalities. These findings suggest
favorable long-term outcomes for HoLEP in preventing the
recurrence of BOO (38).

3.2.2 Disadvantages
Although HoLEP offers numerous advantages in clinical
applications, it also presents some significant drawbacks. Firstly,
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the operation of laser surgery is relatively complex, necessitating
that surgeons undergo extensive skill training and accumulate
experience to control postoperative complications at an ideal
level (39, 40). This requirement compels surgeons to view a
substantial number of surgical videos and engage in
considerable surgical practice to master this skill proficiently,
which, to some extent, limits the widespread adoption and
promotion of laser enucleation of the prostate. Secondly,
holmium laser equipment necessitates the use of specialized
laser resection sheaths, optical fibers, and morcellation devices,
which inevitably increases the economic cost of the procedure.
Additionally, the relatively longer duration of laser surgery
further contributes to the overall economic expense (41).
Moreover, because laser surgery requires the complete
enucleation of the prostate along the surgical capsule, an
additional morcellation device is necessary to fragment and
remove the enucleated tissue. This requirement increases the
number of procedural steps for the surgeon. Furthermore, the
safety and efficacy of the morcellation process in managing
prostate tissue are critically important, as they significantly
contribute to reducing surgical complications, such as bleeding

and bladder perforation (42).

3.3 ThulLEP

3.3.1 Advantages

The thulium laser, a novel energy source recently adopted by
many researchers for BPH surgery, exhibits a lower tissue
penetration depth compared to other lasers (43). With a
penetration depth of only 0.1-0.2 mm in prostatic tissue, the
thulium laser allows for more precise cutting and controlled
ablation (44). Furthermore, studies have demonstrated that laser
enucleation of the prostate offers higher enucleation efficiency,
indicating that surgeons may adapt to the technique more
quickly, resulting in a shorter learning curve (45). Due to its
precise cutting capability, minimal tissue penetration depth, and
advanced hemostatic properties, the thulium laser not only
improves surgical visibility but also protects surrounding tissues,
thereby reducing intraoperative damage (44). Furthermore, the
thulium laser, with its continuous-wave

unique output

characteristics, minimizes damage to critical peri-prostatic
tissues, thereby better preserving their normal anatomical
structure. In contrast, the pulsed output of the holmium laser
results in tissue fragmentation and exerts greater mechanical
stress on the tissues intended for preservation. In this context,
the thulium laser offers significant advantages in functional
tissue preservation, such as maintaining patients’ ejaculatory
function (46). A recent study found that among laser devices,
the thulium laser has a slightly shorter learning curve compared
to the holmium laser. This allows surgeons to become proficient
in its use for relevant surgical procedures in a shorter amount
of time (47). Moreover, a meta-analysis comparing holmium
and thulium lasers in prostate enucleation demonstrated that the
thulium laser was associated with less hemoglobin reduction

than the holmium laser. This suggests superior hemostatic
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performance with the thulium laser, resulting in reduced
intraoperative blood loss and consequently lesser hemoglobin
decline—potentially attributable to its unique vaporization-based
which (48).
Additionally, among the currently prevalent laser devices, the

mechanism, enhances vascular coagulation
thulium laser generates less noise than the holmium laser,
contributing to a quieter operating room environment and

allowing surgical staff to work with greater focus (49).

3.3.2 Disadvantages

Although the thulium laser, as a relatively new laser device,
offers multiple advantages in the treatment of BPH, it still faces
limitations that hinder its widespread adoption. For instance,
while both holmium and thulium laser fibers are reusable,
holmium laser systems are more frequently utilized in
procedures such as lithotripsy and urethrotomy. This broader
range of applications allows the cost of holmium laser
equipment to be distributed more effectively compared to the
thulium laser (48). Although thulium lasers have gradually been
applied in lithotripsy surgeries, most physicians still choose
holmium lasers as their first option. Moreover, the maintenance
costs and equipment expenses of thulium lasers remain higher
compared to other instruments. Secondly, among laser devices,
the blasting effect of holmium lasers enables clearer separation
of the prostatic surgical capsule than thulium lasers. However,
due to the continuous wave mode of thulium lasers during
tissue surface cutting, a eschar-like vision is formed on the
cutting plane, which results in a longer time required to identify
the surgical capsule plane during prostate enucleation surgery
compared to holmium lasers. In some instances, this can
increase the risk of capsular perforation due to impaired
visualization of anatomical boundaries (29). Most importantly,
because the popularity of thulium lasers is not as widespread as
that of holmium lasers and plasma systems, there is currently no
standardized large-scale data available to demonstrate the
reliability and effectiveness of thulium lasers (50) (Table 1).

4 Discussion

Through the continuous practice of numerous surgeons as
well as innovations in equipment and technology, prostate
enucleation technology has become an increasingly preferred
treatment option for moderate to large-volume benign prostatic
hyperplasia, and has been recognized by the European
Association of Urology (EAU) and the American Urological
Association (AUA) (51, 52). Meanwhile, it is acknowledged that
advancements in equipment and technology have not only
provided surgeons with a variety of surgical methods but have
also empowered patients and their families with the right to
and their
thoroughly evaluate surgical outcomes, complication rates, and
costs to select the most appropriate surgical methods and

Currently,

make informed choices. Patients families can

instruments. numerous scholars, guided by
established protocols, have identified the surgical indications for

BPH as follows: (1) long-term bothersome lower urinary tract
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TABLE 1 Comparison of advantages and disadvantages of the three
surgical procedures.

Surgical Advantages Disadvantages
instruments

Bipolar plasma It features low equipment | It has limitations in operations

kinetic cost, the possibility of involving large-volume glands,
switching to TURP at any | is associated with a long
time during the operation, | postoperative recovery period,
and a short learning curve. | and cannot address bladder

stones simultaneously.

HoLEP It allows for clearer It has a relatively long learning
identification of anatomical | cycle and requires the
planes during surgery, can | additional use of a dedicated
address bladder stones fragmentation device to
simultaneously, and is remove the gland.
associated with a relatively
shorter postoperative
hospital stay.

ThuLEP It enables precise It is associated with high
intraoperative equipment costs and difficulty
manipulation to better in identifying anatomical
protect surrounding tissues | planes during surgery.
and produces relatively
lower noise during surgery.

symptoms (LUTS), including acute urinary retention; (2)

patients’ desire to avoid daily medication or other treatments
LUTS; (3)
intolerance to medications, or acute/chronic renal insufficiency

while achieving significant improvement in
resulting from BPH, refractory urinary retention, recurrent
urinary tract infections (UTI), long-term recurrent bladder
stones, and persistent gross hematuria (53).

The clinical manifestations of BPH typically present as LUTS.
Therefore, it is crucial to determine whether these symptoms in
patients are indeed caused by BPH. Herein, we introduce the
methods used to diagnose BPH: (1) The patient’s condition can
be initially assessed by reviewing their medical history, and a
preliminary evaluation of patients with dysuria can be
chart. (2) After

considering that the patient's LUTS may be caused by BPH

performed using a frequency-volume
based on medical history, a comprehensive physical examination
is required. Additionally, a digital rectal examination should be
performed to preliminarily assess the size of the prostate and
detect any irregular malignant hyperplasia. (3) Laboratory tests
antigen (PSA)
urinalysis, as well as renal function tests for patients with long-

include prostate-specific measurement and
term BPH to assess whether urinary obstruction symptoms have
caused kidney damage. (4) Imaging examinations include color
Doppler ultrasound of the urinary system and specialized
prostate magnetic resonance imaging, which help clinicians
more accurately assess the size of the patient’s prostate and
detect any malignant transformation (54). It is essential to
differentiate BPH from other conditions with similar symptoms,
such as urodynamic detrusor underactivity (DUA). Patients with
DUA may also experience incomplete bladder emptying,
resulting in symptoms that mimic BOO seen in BPH. Therefore,
urodynamic testing is necessary to distinguish between these
conditions before surgery. However, due to its invasive nature
and relatively high cost, urodynamic testing has limitations in
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preoperative diagnosis. Consequently, it is often impossible to
definitively confirm preoperatively whether male patients have
BOO caused specifically by BPH. As a result, some patients with
concurrent DUA or those with DUA misdiagnosed as BPH may
continue to experience incomplete bladder emptying after BPH
surgery (55). On this basis, the AUA guidelines also recommend
that urodynamic testing be considered as an examination
method for patients with BPH prior to surgery (56).

Similarly, diode lasers and green lasers, which have also been
used clinically for prostate enucleation, each possess unique
characteristics. Diode laser enucleation of the prostate (DiLEP)
is performed using diode lasers, which are less expensive
compared to other laser devices (57). The surgical approach of
DiLEP is fundamentally similar to that of other laser devices.
However, because the emitted light has a frequency range of
375-1,800 nm, the effects produced by different diodes vary
slightly (58). Initially, semiconductor lasers were commonly
used to vaporize prostatic adenomas. With advancements in
equipment, it was discovered that diode lasers are also absorbed
by water and hemoglobin, leading to their application in
prostate enucleation. Although studies have confirmed the
clinical effectiveness of DiLEP, demonstrating better surgical
outcomes and a lower incidence of complications compared to
TURP, there is a lack of extensive comparative data with other
laser devices. Therefore, whether DiLEP offers superior results
compared to the currently widely used holmium and thulium
lasers remains to be determined (59). The green laser emits light
at a wavelength of 532 nm, produced by combining an Nd:YAG
laser with a potassium titanyl phosphate (KTP) crystal. It has a
coagulation depth of only 1-2 nm and is selectively absorbed by
hemoglobin. Due to the use of a 70° side-firing optical fiber—
unlike those used in holmium and thulium lasers—its tissue
vaporization effect is less effective compared to these two
commonly used laser devices in clinical practice. As a result, it
is difficult to achieve a clear visual field to distinguish
anatomical planes during surgery (23). As an early laser device,
studies have found that green laser enucleation of the prostate
(GreenLEP) requires less time than HoLEP during prostate
enucleation surgeries (60). Previous reports have shown that
green lasers provide favorable therapeutic effects and lead to
fewer postoperative complications during surgery, especially in
patients taking anticoagulants. With ongoing advancements, the
maximum power of green lasers has increased from the initial
80-180 W, reflecting improvements in laser efficiency and
surgical outcomes. However, there are still relatively few surgical
studies on the latest high-power green laser devices, indicating
that the feasibility of these new high-power lasers remains to be
fully validated (61).

Although the guidelines of the European Association of
Urology and the American Urological Association still consider
open simple prostatectomy (OSP) the gold standard for large-
volume prostates (>80 ml), laparoscopic simple prostatectomy
(LSP) and robot-assisted simple prostatectomy (RASP) are
increasingly less favored as invasive treatment options for BPH.
This trend reflects clinicians’ growing preference for minimally
invasive surgery. Both LSP and RASP are associated with a
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higher risk of
compared to transurethral procedures, as well as longer hospital
stays (62). Although the EAU guidelines have gradually
recognized the use of HoLEP and B-TUEP for surgeries
involving large-volume prostates—since they achieve nearly

surgical and perioperative complications

equivalent surgical outcomes with a lower incidence of
postoperative complications—LSP has an advantage over HoLEP
in terms of the learning curve, making it easier for beginners to
master. However, regarding cost, both LSP and RASP are
associated with higher expenses compared to B-TUEP and other
transurethral prostate surgeries, leading patients to prefer
surgical options that are more minimally invasive and less
costly (63).

In patients with a history of prostate surgery, residual
glandular tissue resulting from incomplete resection may lead to
BPH recurrence and the subsequent re-emergence of LUTS.
Although many physicians prefer TURP in such cases, recent
studies have indicated that AEEP is both safe and effective for
these patients. For those with recurrent BPH, the postoperative
efficacy of HoOLEP demonstrates an improvement nearly
comparable to that of the initial surgery. Due to altered prostate
anatomy during reoperation for recurrent BPH, tissue planes are
less distinct than in the initial procedure. Consequently,
B-TUEP becomes more challenging in these patients because of
less precise cutting and limited manipulation accuracy. Given
the limited sample size of data on ThuLEP for secondary
surgery in recurrent BPH, there is insufficient evidence to
confirm the surgical efficacy of the thulium laser in this context,
warranting further studies (64). Nevertheless, regardless of the
surgical approach, reoperation for recurrent BPH is more
difficult and demanding for surgeons compared to the initial
surgery, necessitating that clinicians possess substantial surgical
experience to perform the secondary procedure successfully.

Since bipolar plasma devices, holmium lasers, and thulium
lasers are all currently mainstream equipment for BPH surgical
treatment, how to select the appropriate equipment based on
various patient factors has become a issue requiring preoperative
consideration. In terms of surgical efficiency, holmium lasers
and thulium lasers demonstrate superior enucleation efficiency
compared to bipolar plasma enucleation, particularly for large-
volume prostates. Therefore, it is advisable to choose holmium
lasers or thulium lasers for the surgical treatment of patients
with large-volume BPH (65). Meanwhile, bipolar plasma devices
utilize the same system as the plasma transurethral resection of
the prostate (TURP) instruments that surgeons have commonly
used in the past. This familiarity makes them easier to adopt,
significantly shortening the learning curve. Furthermore, these
devices enable surgeons to transition to the TURP surgical
method at any time when confronted with complex situations
(66). Regarding the learning curve for B-TUEP, although
individual physicians vary in learning ability and proficiency,
data indicate that clinicians performing B-TUEP for the first
time can generally achieve proficiency after approximately 20
surgeries. This proficiency reduces the likelihood of converting
to TURP during the operation, thereby ensuring optimal

surgical outcomes and a low incidence of postoperative

frontiersin.org



Yi et al.

complications (26). In contrast, the learning curve for holmium
lasers is longer, requiring more than 30 cases to achieve
proficiency (67, 68). This results in fewer surgeons skilled in
laser surgery, which may explain why many surgeons prefer
B-TUEP over HoLEP when choosing between these two surgical
approaches. Additionally, since the majority of BPH patients are
relatively elderly and some require long-term anticoagulant
therapy due to other medical conditions, surgery in these cases
is inevitably associated with a higher risk of bleeding, making
intraoperative hemostasis more challenging. However, laser
instruments can safely perform prostate enucleation even when
patients are on anticoagulants (69). Many patients with benign
prostatic hyperplasia may also have concurrent bladder stones.
During B-TUEP surgery, if bladder stones are detected either
preoperatively or intraoperatively, lithotripsy cannot be
performed simultaneously. This necessitates that surgeons switch
to a different set of surgical instruments for lithotripsy, which
inevitably increases the patient’s costs and complicates the
surgeon’s operational procedures. In contrast, laser devices,
whether holmium or thulium lasers, can effectively manage
bladder stones and complete the subsequent prostate enucleation
using the same set of equipment, thereby greatly simplifying the
procedure (70). As laser devices of the same category, thulium
lasers exhibit superior performance compared to holmium lasers
in terms of urinary incontinence control rate and hemoglobin
reduction rate (19, 71). Whether utilizing plasma devices,
holmium lasers, or thulium lasers, the surgical procedures for
prostate enucleation remain fundamentally consistent. This
paper outlines the key points of the three-lobe method of
prostate enucleation as follows: First, a mark should be made at
the one-third position of the proximal bladder end of the
verumontanum, followed by an incision extending to the
prostatic surgical capsule (Figure 1). Next, an incision is made
at the 5 o’clock to 7 o’clock position of the bladder neck,
extending outward to the marked position on the
verumontanum and deepening to the prostatic surgical capsule.
After connecting the resection planes, the median lobe of the
prostate is enucleated and pushed into the bladder (Figure 2).
The edge of the gland is marked at the 12 o’clock position, and
the lateral lobe is gradually enucleated by moving upward from
the 5 o’clock or 7 o’clock position and downward from the 12
o’clock position until the bladder neck is breached. The other
lateral lobe is enucleated using the same technique (Figure 3).
Finally, a dedicated morcellator is employed for negative
pressure aspiration of the gland, which is then morcellated and
removed (Figure 4). After the completion of the procedure, an
appropriate urinary catheter is inserted, and bladder irrigation is
maintained for a specified duration (72). Although prostate
enucleation offers numerous advantages over TURP, surgeons
must exercise caution throughout the procedure to prevent
intraoperative and postoperative complications. Surgeons must
clearly identify the anatomical planes during the operation and
manipulate with care to minimize the risk of damaging the
bladder neck, which could lead to bladder neck perforation or
disruption (73). In addition, intraoperatively identifying the
surgical capsule and achieving precise hemostasis are effective
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FIGURE 1
Verumontanum processing.

FIGURE 2
After enucleation of the median lobe.

methods for ensuring a clear surgical field and reducing the risk
of TURS caused by irrigation fluid entering the bloodstream
through bleeding sites. Although some patients may experience
transient urinary incontinence regardless of whether TURP or
prostate enucleation is performed, the majority of these patients
can achieve relief or even full recovery during the postoperative
rehabilitation period. Furthermore, since all these procedures are
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FIGURE 3
Enucleate the right lobe.

FIGURE 4
Morcellate the gland.

transurethral, some patients may develop urethral strictures due to
injury from surgical instruments or may experience bladder neck
contracture postoperatively, which may necessitate subsequent
urethral dilation or urethrotomy for symptom relief. Finally, as
the seminal vesicles extend through the prostate, both the blunt
dissection involved in enucleation and the thermal injury
associated with resection during the surgical process may impact
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the seminal vesicles, potentially leading to sexual dysfunction
(74). Certainly, some scholars have indicated that retrograde
ejaculation resulting from surgery, which can lead to impaired
sexual function, may also be a significant factor (75). Therefore,
the pursuit of more minimally invasive and less traumatic
surgical techniques to achieve improved surgical outcomes,
patients, their
symptoms, improve their quality of life, and reduce surgical

enhance therapeutic effects for alleviate
complications is a common goal shared by all surgeons. To this
end, surgical methods for BPH are continuously evolving and
being refined. With advancements in science and technology,
the feasibility of integrating artificial intelligence (AI) into
surgical procedures remains a topic of ongoing discussion.
Nevertheless, surgeons continue to strive for better therapeutic
outcomes by experimenting with various advanced instruments

and equipment.

5 Limitations of the current literature

Currently, studies conducted by numerous scholars indicate
that there is no standardized brand or specific surgical power
designated for plasma devices, holmium lasers, or thulium
lasers. It remains unclear whether these variations influence
surgical efficacy and the incidence of
Additionally, the types

complications reported in the literature are not entirely

complications.
and frequencies of postoperative
consistent, and many researchers have not calculated the overall
incidence of these complications. Consequently, comparing
postoperative complications to evaluate the advantages and
disadvantages of the aforementioned instruments presents an
unresolved challenge. Furthermore, no studies have assessed
whether the occurrence of postoperative urinary incontinence in
patients is attributable to the surgery itself or to pre-existing
conditions, such as neurogenic bladder, which may have caused
dysuria. This gap prevents a comprehensive evaluation of the
impact of these factors on surgical outcomes. Lastly, our analysis
focused solely on the data comparison of prostate enucleation
surgeries utilizing three types of surgical instruments, without
examining variations in enucleation techniques, such as the
three-lobe method and the whole-lobe method. Whether the
intraoperative operational procedures have an impact on surgical
efficacy remains to be discussed.

6 Conclusion

In summary, ThuLEP is superior to HoLEP and B-TUEP in
terms of operational precision, while B-TUEP excels in
equipment popularity and ease of learning. When patients
experience complications such as bladder stones, both thulium
and holmium lasers can simplify the surgeon’s procedures.
However, since thulium lasers have been used in clinical
practice for a shorter duration compared to the other two,
additional data will be necessary in the future to support and

verify the safety and efficacy of thulium laser surgery.
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