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Abstract Objective: To scrutinize the definitions of minimal invasive surgical therapy (MIST)
and to investigate urologists’ knowledge, attitudes, and practices for benign prostatic obstruc-
tion surgeries.
Methods: A 36-item survey was developed with a Delphi method. Questions on definitions of
MIST and attitudes and practices of benign prostatic obstruction surgeries were included. Urol-
ogists were invited globally to complete the online survey. Consensus was achieved when more
than or equal to 70% responses were “agree or strongly agree” and less than or equal to 15%
responses were “disagree or strongly disagree” (consensus agree), or when more than or equal
to 70% responses were “disagree or strongly disagree” and less than or equal to 15% responses
were “agree or strongly agree” (consensus disagree).
Results: The top three qualities for defining MIST were minimal blood loss (nZ466, 80.3%), fast
post-operative recovery (nZ431, 74.3%), and short hospital stay (nZ425, 73.3%). The top
three surgeries that were regarded as MIST were Urolift� (nZ361, 62.2%), Rezum� (nZ351,
60.5%), and endoscopic enucleation of the prostate (EEP) (nZ332, 57.2%). Consensus in the
knowledge section was achieved for the superiority of Urolift�, Rezum�, and iTIND� over
transurethral resection of the prostate with regard to blood loss, recovery, day surgery feasi-
bility, and post-operative continence. Consensus in the attitudes section was achieved for the
superiority of Urolift�, Rezum�, and iTIND� over transurethral resection of the prostate with
regard to blood loss, recovery, and day surgery feasibility. Consensus on both sections was
achieved for EEP as the option with the better symptoms and flow improvement, lower retreat-
ment rate, and better suitable for prostate more than 80 mL.
Conclusion: Minimal blood loss, fast post-operative recovery, and short hospital stay were the
most important qualities for defining MIST. Urolift�, Rezum�, and EEP were regarded as MIST
by most urologists.
ª 2024 Editorial Office of Asian Journal of Urology. Production and hosting by Elsevier B.V. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
1. Introduction

Lower urinary tract symptoms related to benign prostatic
obstruction (BPO) are common in elderly men [1,2]. BPO
surgery is usually offered to men who have failed medical
treatment or have experienced complications from BPO [3].
Transurethral resection of the prostate (TURP) has long
been regarded as the gold standard for BPO surgery since its
introduction almost a century ago. TURP was first intro-
duced as a minimal invasive surgical therapy (MIST), as
compared to simple prostatectomy being the only alterna-
tive option in the early 20th century. TURP has a perceived
short learning curve and a reasonable safety profile; such
merits have perpetuated its establishment as an important
BPO surgical option even after a century [3,4]. However,
TURP is not without limitations and comorbidities. This has
expedited the development of novel BPO surgeries
throughout the recent two decades, which has acclaimed
various advantages compared to TURP [5]. These advan-
tages include greater symptoms and flow improvement,
better bleeding profile, complete adenoma removal, faster
post-operative recovery, and shorter post-operative cath-
eterization and hospital length of stay [5,6]. New MIST and
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surgical techniques for BPO treatment may even preserve
antegrade ejaculation and sexual function [7].

However, there has been no study undertaken
benchmarking a procedure to be qualified as MIST. The
potential advantages of faster recovery and better clinical
outcomes by these new interventions have given rise to the
need to define what specific outcomes a MIST procedure
must fulfill. Despite the current wide range of BPO surgery
options, their accessibilities to urologists and adoption
rates vary globally. In order to further our understanding of
urologists’ perspective on this and to reach a consensus on
what defines MIST from a global perspective, we have
conducted a worldwide knowledge, attitude, and practice
survey amongst urologists.

2. Materials and methods

This is a cross-sectional study via a web-based self-admin-
istered survey. The study was performed in accordance
with the Declaration of Helsinki. The objective of the global
survey was to explore the definition of MIST, and investigate
the knowledge, attitudes, and practices on BPO surgeries of
urologists. The survey was developed by the steering
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Table 1 Demographics of respondents and experiences of
BPO surgeries.

Characteristic Value, n (%)

Demographics of respondents (nZ755)
Age, year
<30 94 (12.5)
30e39 258 (34.2)
40e49 207 (27.4)
50e59 120 (15.9)
�60 76 (10.1)

Gender
Male 711 (94.2)
Female 44 (5.8)

Location of practice
North America 48 (6.4)
Europe 329 (43.6)
Asia 269 (35.6)
South America 82 (10.9)
Africa 21 (2.8)
Australia and New Zealand 6 (0.8)

Type of practice
Teaching hospital or academic

institution
413 (54.7)

Non-academic public hospital 142 (18.8)
Private practice 200 (26.5)

Level of experience
Urology resident in training or registrar 124 (16.4)
Urology fellow/specialist 239 (31.7)
Urology consultant 392 (51.9)

Experience of BPO surgery (nZ225)
Number of BPO surgeries performed annually
<20 26 (11.6)
20e50 86 (38.2)
50e100 75 (33.3)
100e200 26 (11.6)
>200 12 (5.3)

Type of BPO surgeries performeda

Convective water vapor energy ablation
(Rezum�)

30 (13.3)

Endoscopic enucleation of the prostate 125 (55.6)
Image-guided robotic waterjet ablation

(Aquablation�)
13 (5.8)

Prostatic arterial embolization 1 (0.4)
Prostatic urethral lift (Urolift�) 32 (14.2)
Robotic or laparoscopic simple

prostatectomy
0 (0)

Temporary implantable nitinol device
(iTIND�)

18 (8.0)

Vaporization 91 (40.4)
None of the above 63 (28.0)

BPO, benign prostatic obstruction.
a Participants could choose more than one answers.
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committee using a Delphi method. The structured survey
consisted of 36 questions, including questions on de-
mographics, definitions of MIST, and the knowledge, atti-
tudes, and practices in BPO surgeries. Multiple answers
were allowed for the two questions on definition of MIST.
For questions on knowledge and attitude, a 5-point Likert
scale ranging from “strongly disagree” to “strongly agree”,
and “not familiar” were included as options of answers. All
questions were structured to compare against the refer-
ence standard TURP in the knowledge and attitude sec-
tions. The surgical options of interest included convective
water vapor energy ablation (Rezum�, Boston Scientific,
Natick, MA, USA), endoscopic enucleation of the prostate
(EEP), image-guided robotic waterjet ablation (Aqua-
blation�, PROCEPT BioRobotics, Redwood Shores, CA, USA),
prostatic arterial embolization (PAE), prostatic urethral lift
(Urolift�, Teleflex Interventional Urology, PA, USA), robotic
or laparoscopic simple prostatectomy (RASP), temporary
implantable nitinol device (iTIND�, Medi-Tate, Israel), and
photoselective vaporization of prostate. The questionnaire
is shown in the appendix (Appendix file 1). The survey was
uploaded and conducted via an online platform, Survey
Monkey (SVMK Inc., San Mateo, CA, USA).

The urology community was invited globally to partici-
pate via social media (#UroSoMe platforms in Twitter) and
the fellow mailing list of international urological associa-
tions (Appendix file 2). The link to the online survey (www.
surveymonkey.com/MISTKAPSurvey) was provided and
respondent could complete the survey online. Internet
protocol restriction was implemented, where one internet
protocol address could complete the survey once only. All
data were only accessible to investigators.

In order to facilitate the interpretation on the knowledge,
attitude, and practice questions with Likert scale, the in-
vestigators decided on the definition of a consensus con-
cerning the respective responses. Consensus was achieved
when �70% responses were “agree or strongly agree” and
�15% responses were “disagree or strongly disagree”
(consensus agree), orwhen�70% responseswere “disagree or
strongly disagree” and �15% responses were “agree or
strongly agree” (consensus disagree) [8]. In questions without
Likert scale, the numbers and percentages were summarized
and tabulated. Descriptive statistical analyses were per-
formed for the survey results.

3. Results

A total of 755 participants responded to the survey. The
demographics and their experiences of BPO surgeries are
shown in Table 1. Majority of the participants were male,
aged 30e39 years old. Majority of them are urology con-
sultants. Most participants come from Europe, followed by
Asia and South America. The complete survey responses are
shown in the appendix (Appendix file 3). Aquablation� was
the most common treatment option which was reported as
“not familiar” in all questions.

3.1. Definition of MIST

Totally 580 (76.8%) participants responded to the questions
on definition of MIST. The top three important qualities in
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defining MIST were minimal blood loss (nZ466, 80.3%), fast
post-operative recovery (nZ431, 74.3%), and short length
of hospital stay (nZ425, 73.3%). The top three surgical
options that were regarded as MIST were Urolift� (nZ361,
62.2%), Rezum� (nZ351, 60.5%), and EEP (nZ332, 57.2%).
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3.2. Knowledge in BPO surgeries

Three hundred and twelve (41.3%) participants responded
to the questions in knowledge section (Table 2).
Consensus agreement was achieved for the superiority of
Urolift�, Rezum�, and iTIND� over TURP with regard to
lower blood loss, faster recovery, feasibility of day sur-
gery, and lower post-operative incontinence. Urolift� and
iTIND� had additional benefits of shorter duration of
catheterization and lower post-operative ejaculatory
dysfunction. EEP was chosen as the option with better
symptoms and flow improvement, lower retreatment rate,
and better suited for prostate more than 80 mL. EEP was
also the only option chosen to have a steeper learning
curve than TURP. Except for Aquablation�, PAE, and RASP,
all other options were reported to have a lower trans-
fusion rate compared to TURP.

3.3. Attitudes in BPO surgeries

Two hundred and twenty-eight (30.2%) participants
responded to the questions in attitude section (Table 3).
Consensus agreement was achieved for the superiority of
Urolift�, Rezum�, and iTIND� over TURP for lower blood
loss, faster recovery, and feasibility of day surgery.
Urolift� and iTIND� had additional benefits of shorter
duration of catheterization, lower post-operative ejacu-
latory dysfunction, and lower post-operative urinary in-
continence. EEP was also regarded as the option with
better symptoms and flow improvement, low retreatment
rate, and better for prostate more than 80 mL. Except for
Aquablation� and RASP, all other options were believed to
have a lower transfusion rate compared with TURP. Both
EEP and RASP were believed to have a steeper learning
curve than TURP.

3.4. Practices in BPO surgeries

Two hundred and twenty-five (29.8%) participants respon-
ded to the questions in practice section (Table 4). Majority
of them performed 20e50 BPO surgeries per year. EEP and
vaporization were the most commonly performed BPO
surgeries (excluding TURP). No participants had reported
performing RASP, and few had performed experience in
Aquablation� (nZ13), iTIND� (nZ18), and PAE (nZ1)
(Table 1). Equipment availability was a major issue in
adopting most BPO surgical techniques. Learning curve was
a major issue in mastering both EEP and RASP, as well as
PAE. Cost was a major concern in Rezum� and Aqua-
blation�. Spinal anesthesia was most commonly chosen for
BPO surgeries, whilst local anesthesia was believed to be
feasible for Urolift� and iTIND�. Ambulatory surgery was
believed to be feasible for Rezum�, Urolift�, and iTIND�

(Table 5).

4. Discussion

As the reference standard of BPO surgeries, TURP has
continuously been challenged by new surgical approaches.
The size limitation, peri-operative morbidities, and sexual
complications of TURP have triggered the development of
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novel interventions as technology advances. These new
treatments advocate faster recovery, lower complications,
better uroflow, and symptom improvement in comparison
to TURP [5]. To the best of our knowledge, this is the first
study investigating the knowledge, attitudes, and practices
of urologists towards various types of BPO surgical treat-
ments on a global scale. It provides valuable insights in the
understanding, beliefs, and practices of worldwide urolo-
gists on the wide spectrum of surgeries.

The term “MIST” in BPO surgeries was used initially to
describe the minimally invasive options that emerged near
the end of 20th century [9,10]. These included transure-
thral needle ablation of prostate (TUNA) and transurethral
microwave thermotherapy, which had once demonstrated a
good short-term efficacy in symptoms and flow improve-
ment. They have also been advocated previously as feasible
for day surgery. However, they were both removed from
European Association of Urology guidelines since 2019. In
American Urological Association (AUA) guidelines, TUNA
was not recommended while transurethral microwave
thermotherapy could be offered to men with lower urinary
tract symptoms at a Grade C evidence level [11]. For TUNA,
AUA guidelines stated that the prostatic volume was
reduced less than expected and the tissue was replaced
with scar. There was also no consensus on the mechanism of
action. Since 2003 little new evidence on effectiveness and
safety had been published on TUNA, thus it was no longer
recommended [11]. It was clear that the definition and the
components of MIST have changed over time, and a global
consensus should be reinstated in the contemporary era
with the newest array of treatments.

AUA guidelines referred MIST to Rezum�, Urolift�, and
PAE [11]. It disregarded Aquablation� as MIST because it
requires general anesthesia. The guidelines stated that a
successful MIST should include tolerability, rapid, and du-
rable relief of symptoms, short recovery time with rapid
return to life activities, minimal adverse events, and
affordability. From urologist’s perspective, MIST should also
have the capacity for performance in an ambulatory setting
under reduced anesthesia, fast learning curve, generaliz-
ability from randomized controlled trials, and ease of per-
formance [11]. However, it did not provide scientific basis
and evidence for these classifications. On the contrary,
European Association of Urology guidelines did not include
the term MIST.

One important objective of the survey was to explore
the quality of a surgery needed to be defined as MIST from a
global consensus. In our results, the three most important
components for MIST were minimal blood loss, fast
post-operative recovery, and short length of hospital stay.
These are all important parameters related to the early
recovery and return to normal activities after surgery.
These preferred qualities of MIST were reflected in the
chosen MIST options, Rezum�, and Urolift�dall were
proven to possess excellent peri-operative morbidity profile
and concurred with the opinions from AUA guidelines
[11,12]. EEP was voted by 57.2% of participants as the third
chosen MIST. Doubtless to say, the nature of EEP was
remarkably different from the other two chosen options,
which require general or spinal anesthesia and very often
require overnight hospitalization. However, the choice of
EEP as MIST could still be justified as it was more



Table 2 Consensus on knowledge of new surgical options compared with TURP.

Outcomea Convective
water
vapor
energy
ablation
(Rezum�)

Endoscopic
enucleation of the prostate

Image-guided
robotic
waterjet
ablation
(Aquablation�)

Prostatic
arterial
embolization

Prostatic
urethral
lift
(Urolift�)

Temporary
implantable
nitinol
device (iTIND�)

Robotic or
laparoscopic simple
prostatectomy

Vaporization

Lower transfusion rate U U U U U

Shorter LOS U U U U

Shorter duration of
catheterization

U U

Feasibility of day surgery U U U

Lower Post-op ejaculatory
dysfunction

U U

Lower Post-op urinary
incontinence

U U U

Better for prostate >80 mL U U U

Higher Qmax at Post-op 12 mos U

Lower IPSS at Post-op 12 mos U

Lower retreatment rate at
Post-op 3 years

U

Steeper learning curve U U

TURP, transurethral resection of the prostate; LOS, length of stay; Post-op, post-operative; Qmax, peak urinary flow rate; mos, months; IPSS, International Prostate Symptoms Score.
a Question: which options have the following outcomes compared to TURP according to the literature?
U Consensus was achieved.
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Table 3 Consensus on attitudes of new surgical options compared with TURP.

Outcomea Convective
water
vapor
energy
ablation
(Rezum�)

Endoscopic
enucleation
of the prostate

Image-guided
robotic
waterjet
ablation
(Aquablation�)

Prostatic
arterial
embolization

Prostatic
urethral
lift
(Urolift�)

Robotic or laparoscopic simple
prostatectomy

Temporary
implantable
nitinol
device (iTIND�)

Vaporization

Lower transfusion rate U U U U U U

Shorter LOS U U U

Shorter duration of
catheterization

U U

Feasibility of day surgery U U U

Lower Post-op ejaculatory
dysfunction

U U

Lower Post-op urinary
incontinence

U U

Better for prostate >80 mL U

Higher Qmax at Post-op
12 mos

U

Lower IPSS at Post-op
12 mos

U

Lower retreatment rate at
Post-op 3 years

U

Steeper learning curve U U

TURP, transurethral resection of the prostate; LOS, length of stay; Post-op, post-operative; Qmax, peak urinary flow rate; mos, months; IPSS, International Prostate Symptoms Score.
a Question: according to your personal belief, which options have the following outcomes compared with TURP?
U Consensus was achieved.
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Table 4 Consensus on practices of benign prostatic obstruction surgeries compared with transurethral resection of the prostate.

Outcome Convective
water
vapor
energy
ablation
(Rezum�)

Endoscopic
enucleation
of the prostate

Image-guided
robotic
waterjet
ablation
(Aquablation�)

Prostatic
arterial
embolization

Prostatic
urethral
lift
(Urolift�)

Robotic of laparoscopic simple
prostatectomy

Temporary
implantable
nitinol
device (iTIND�)

Vaporization

Question: which of the following is a major issue in adopting the surgical technique?
Cost U U

Equipment availability U U U U U

Learning curve U U U

Question: what is the mode of anesthesia you would choose for each option? n (%)
LA with sedation 31 (13.8) 2 (0.9) 13 (5.8) 0 58 (25.8) 0 48 (21.3) 2 (0.9)
LA without sedation 5 (2.2) 0 0 1 (20.0) 11 (4.9) 0 12 (5.3) 0
SA 51 (22.7) 123 (54.7) 52 (23.1) 0 28 (12.4) 0 20 (8.9) 117 (52.0)
GA 14 (6.2) 54 (24.0) 16 (7.1) 0 7 (3.1) 2 (40.0) 4 (1.8) 32 (14.2)
Not practicing 124 (55.1) 46 (20.4) 144 (64.0) 4 (80.0) 121 (53.8) 3 (60.0) 141 (62.7) 74 (32.9)

Question: what is the mode of hospitalization you would arrange for each option? n (%)
Ambulatory surgery 39 (17.3) 2 (0.9) 6 (2.7) 1 (20.0) 57 (25.3) 0 44 (19.6) 17 (7.6)
Same day admission 18 (8.0) 83 (36.9) 28 (12.4) 0 17 (7.6) 1 (20.0) 15 (6.7) 72 (32.0)
In-patient 11 (4.9) 80 (35.6) 18 (8.0) 1 (20.0) 4 (1.8) 0 3 (1.3) 51 (22.7)
Not practicing 157 (69.8) 60 (26.7) 173 (76.9) 3 (60.0) 147 (65.3) 4 (80.0) 163 (72.4) 85 (37.8)

LA, local anesthesia; SA, spinal anesthesia; GA, general anesthesia.
U Consensus was achieved.
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Table 5 Summary of responses on MIST definitions.

Survey response Respondent, n (%)

Total respondent 580 (76.8)
Top three qualities in defining MIST
Minimal blood loss 466 (80.3)
Fast Post-op recovery 431 (74.3)
Short hospital stay 425 (73.3)

Top three options regarded as MIST
Urolift� 361 (62.2)
Rezum� 351 (60.5)
EEP 332 (57.2)

MIST, minimally invasive surgical treatment; EEP, endoscopic
enucleation of the prostate; Post-op, post-operative.
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established, and truly superior to TURP in terms of blood
loss, shorter catheterization time, and shorter hospital
stay, which were all important components for MIST [6]. In
addition, day surgery for EEP was actually proven feasible
in high volume center [13]. To address the differences be-
tween those office procedures and more invasive tran-
surethral surgeries, Elterman et al. [14] have proposed the
term “true minimally invasive therapy”. On the other hand,
while iTIND� was chosen as possessing numerous advan-
tages in terms of peri-operative morbidities, it was
contradictorily not regarded as MIST by the participants.
The lack of randomized trials compared with the reference
standard TURP might have influenced the confidence of
urologists for this option [15].

In general, the participants demonstrated good
knowledge in accordance with the literature. The current
evidence on EEP and Urolift� was mostly reflected in the
consensus obtained [6,16]. One important result was a
universal consensus on the steep learning curve of EEP and
RASP as compared to TURP in both knowledge and attitude
sections [17]. It was also reiterated in the practice section
as a major issue. A recent systematic review showed
30e40 cases were needed to overcome the learning curve
for holmium laser enucleation of prostate [18]. A good
mentorship and training programme was needed in pro-
mulgation of the technique [19]. Overall, the results of
knowledge section were remarkably similar to attitude
section, which represented the wide acceptance of liter-
ature and transformation into personal beliefs of the
surgical options concerned. However, results from scien-
tific evidence may not always be translated into the re-
sults seen in daily clinical practices. A recent systematic
review showed the association of conflicts of interest and
industrial sponsorship with favorable surgery outcomes
[20]. On the other hand, surgeon experience and prefer-
ences, training, and patient selections all need to be
considered in the final performance of surgery and out-
comes. These might explain some of the differences be-
tween the knowledge and attitude section. For example,
participants achieved a consensus on the shorter length of
stay for vaporization in knowledge section, which
concurred with the literature [6]. However, no consensus
was reached in attitude section, which might reflect their
real-life experiences. Similarly for RASP, consensus was
62
only reached in knowledge but not in the attitude section
in terms of “better for prostate >80 mL”. This could likely
be explained by the absence of experience in RASP by the
participants.

Despite a versatile and wide range of new treatment
modalities that offer a chance for personalized and tailored
management of BPO, the adoption and acceptance of
different treatments vary greatly. Our survey conveyed that
30% of the participants had no clinical experience in any of
the surgical options on the study list, and most participants
reported that they were unfamiliar with Aquablation�. This
indeed reflects the reality in surgical technique dissemi-
nation and adoption globally. Various factors could be
responsible for this. One important factor was equipment
availability, and this was vetted as a major issue even in our
survey. Other factors might include perceived clinical
effectiveness, cost, learning and adoption, patient de-
mand, manufacturer promotion, and surgeon preferences
[21]. In the long run, this could increase the gap between
scientific evidence and clinical practices, which was indeed
reflected from our study results. Despite an overwhelming
agreement on the superiority of Urolift� and iTIND� in peri-
operative morbidities and recovery, only 14% and 8% of the
participants respectively had experience in performing
these procedures, corroborating the aforementioned
statements.

This study presented several limitations. Owing to the
great variety of available BPO surgical treatments and the
numerous peri-operative parameters measured, the length
of this structured survey was long. These could have hin-
dered the responses and completion rate to the survey. Less
than 30% participants completed the whole survey,
rendering the results less representative than expected.
Also, responses from Australia and New Zealand, North
America, and Africa were limited. These undermined the
representation and generalizability of the survey results.
Since most of the new techniques were launched and
widely practiced in America and Australia, this could skew
the result on these new techniques. Since the academics
were more interconnected through social network and
urological associations, they were more readily engaged in
this global survey. As a result, more than half of the par-
ticipants come from academic institutions. This could
render the urologists working in public hospital or private
sectors underrepresented. Most participants had limited
experience in procedures such as Aquablation� (nZ13),
iTIND� (nZ18), RASP (nZ0), and PAE (nZ1). This should
not affect the credibility of the result in knowledge, as one
could get a solid understanding of a procedure from liter-
ature. However, it could affect the attitude section, which
might be influenced by operating experience. This might
create a less balanced view on the overall judgment of
surgical options and skew the answers to those questions.
Moreover, questions on the rate of bladder neck obstruction
were not included in the survey. A recent systematic review
showed a pooled incidence of 1.3% for bladder neck ste-
nosis after TURP, 0.7% after enucleation, and 1.2% after
ablation. There were no statistical differences between the
different treatment modalities [22]. Lastly, there could be
some misinterpretation of the questions by the re-
spondents. In the questions on mode of anesthesia and
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mode of hospitalization, the original idea was to record
their own practices of hands-on experience. Although only
30 participants had reported experience in Rezum�, 101
participants had reported on the choices of anesthesia and
68 participants had reported on the mode of hospitaliza-
tions. Therefore, it was likely some respondents had
answered these questions based on their knowledge from
literature, own beliefs, instead of from their clinical prac-
tices. Moreover, certain options in the questions have very
few participants answered. For instance, only five partici-
pants have answered to those questions on PAE and RASP.
These unavoidably undermined the significance of the re-
sults on these two techniques.

5. Conclusion

Based on our survey, an ideal MIST procedure could be
defined as any BPO surgery which has minimal blood loss,
fast post-operative recovery, and short length of hospital
stay. Urolift�, Rezum�, and EEP were chosen by most
participants to fulfil the criteria of MIST. However, the
experience of respondents in new BPO surgeries was limited
and there were difficulties with equipment availability.
These may undermine the adoption of novel surgeries and
deprive our patients of a better TURP alternative.
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