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Purpose 

Benign prostatic hyperplasia (BPH) is a histologic diagnosis that refers to the 

proliferation of smooth muscle and epithelial cells within the prostatic transition 

zone. The prevalence and the severity of lower urinary tract symptoms (LUTS) in 

the aging male can be progressive and is an important diagnosis in the healthcare 

of patients and the welfare of society. In the management of bothersome LUTS, it 

is important that healthcare providers recognize the complex dynamics of the 

bladder, bladder neck, prostate, and urethra, in addition to the fact that 

symptoms may result from interactions of these organs as well as with the central 

nervous system or other systemic diseases (e.g., metabolic syndrome, congestive 

heart failure). Despite the more prevalent (and often first line) use of medical 

therapy for men suffering from LUTS attributed to BPH, there still remain clinical 

scenarios where surgery is indicated as the initial intervention for LUTS/BPH and 

should be recommended, providing other medical comorbidities do not preclude 

this approach. It is the hope that this revised guideline will provide a useful 

reference on the effective evidence-based surgical management of male LUTS 

secondary to BPH (LUTS/BPH). Please see the accompanying algorithm for a 

summary of the surgical procedures detailed in the guideline. 

Methodology 

The evidence team searched Ovid MEDLINE, the Cochrane Library, and the Agency 

for Healthcare Research and Quality (AHRQ) database to identify studies indexed 

between January 2007 and September 2017. Following initial publication in 2019, 

this Guideline underwent an amendment in 2019 that included literature published 

through January 2019. When sufficient evidence existed, the body of evidence was 

assigned a strength rating of A (high), B (moderate), or C (low) for support of 

Strong, Moderate, or Conditional Recommendations. In the absence of sufficient 

evidence, additional information is provided as Clinical Principles and Expert 

Opinions. 

GUIDELINE STATEMENTS 

EVALUATION AND PREOPERATIVE TESTING  

1. Clinicians should take a medical history and utilize the AUA-Symptom Index 

(AUA-SI) and urinalysis in the initial evaluation of patients presenting with 

bothersome LUTS possibly attributed to BPH; select patients may also require 

post-void residual (PVR), uroflowmetry, or pressure flow studies. (Clinical 

Principle) 

2. Clinicians should consider assessment of prostate size and shape via 

abdominal or transrectal ultrasound, or cystoscopy, or by preexisting cross-

sectional imaging (i.e. magnetic resonance imaging [MRI]/ computed 

tomography [CT]) prior to surgical intervention for LUTS attributed to BPH. 
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(Clinical Principle) 

3. Clinicians should perform a PVR assessment prior to surgical intervention for LUTS attributed to BPH. (Clinical 

Principle) 

4. Clinicians should consider uroflowmetry prior to surgical intervention for LUTS attributed to BPH. (Clinical 

Principle) 

5. Clinicians should consider pressure flow studies prior to surgical intervention for LUTS attributed to BPH when 

diagnostic uncertainty exists. (Expert Opinion) 

SURGICAL THERAPY 

6. Surgery is recommended for patients who have renal insufficiency secondary to BPH, refractory urinary retention 

secondary to BPH, recurrent urinary tract infections  (UTIs), recurrent bladder stones or gross hematuria due to 

BPH, and/or with LUTS attributed to BPH refractory to and/or unwilling to use other therapies. (Clinical Principle) 

7. Clinicians should not perform surgery solely for the presence of an asymptomatic bladder diverticulum; however, 

evaluation for the presence of BOO should be considered. (Clinical Principle) 

TRANSURETHRAL RESECTION OF THE PROSTATE (TURP) 

8. TURP should be offered as a treatment option for men with LUTS attributed to BPH. (Moderate Recommendation; 

Evidence Level: Grade B) 

9. Clinicians may use a monopolar or bipolar approach to TURP, depending on their expertise with these techniques. 

(Expert Opinion) 

SIMPLE PROSTATECTOMY 

10. Clinicians should consider open, laparoscopic or robotic assisted prostatectomy, depending on their expertise 

with these techniques, for patients with large prostates. (Moderate Recommendation; Evidence Level: Grade C) 

TRANSURETHRAL INCISION OF THE PROSTATE (TUIP) 

11. TUIP should be offered as an option for patients with prostates ≤30g for the surgical treatment of LUTS 

attributed to BPH. (Moderate Recommendation; Evidence Level: Grade B) 

TRANSURETHRAL VAPORIZATION OF THE PROSTATE (TUVP) 

12. Bipolar TUVP may be offered to patients for the treatment of LUTS attributed to BPH. (Conditional 

Recommendation; Evidence Level: Grade B) 

PHOTOSELECTIVE VAPORIZATION OF THE PROSTATE (PVP) 

13. Clinicians should consider PVP as an option using 120W or 180W platforms for patients for the treatment of LUTS 

attributed to BPH. (Moderate Recommendation; Evidence Level: Grade B) 

PROSTATIC URETHRAL LIFT (PUL) 

14. Clinicians should consider PUL as an option for patients with LUTS attributed to  BPH provided prostate volume 

<80g and verified absence of an obstructive middle lobe; however, patients should be informed that symptom 

reduction and flow rate improvement is less significant compared to TURP. Patients should be informed that 

evidence of efficacy and retreatment rates are poorly defined. (Moderate Recommendation; Evidence Level: 

Grade C) 

15. PUL may be offered to eligible patients concerned with erectile and ejaculatory function for the treatment of with 

LUTS attributed to BPH. (Conditional Recommendation; Evidence Level: Grade C) 

TRANSURETHRAL MICROWAVE THERAPY (TUMT) 

16. TUMT may be offered to patients with LUTS attributed to BPH; however, patients should be informed that 

surgical retreatment rates are higher compared to TURP. (Conditional Recommendation; Evidence Level: Grade 

C) 
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WATER VAPOR THERMAL THERAPY 

17. Water vapor thermal therapy may be offered to patients with LUTS attributed to BPH provided prostate volume 

<80g; however, patients should be counseled regarding efficacy and retreatment rates. (Conditional 

Recommendation; Evidence Level: Grade C) 

18. Water vapor thermal therapy may be offered to eligible patients who desire preservation of erectile and 

ejaculatory function. (Conditional Recommendation; Evidence Level: Grade C) 

TRANSURETHRAL NEEDLE ABLATION (TUNA) 

19. TUNA is not recommended for the treatment of LUTS attributed to BPH. (Expert Opinion) 

LASER ENUCLEANTION  

20. Clinicians should consider holmium laser enucleation of the prostate (HoLEP) or thulium laser enucleation of the 

prostate (ThuLEP), depending on their expertise with either technique, as prostate size-independent suitable 

options for the treatment of LUTS attributed to BPH. (Moderate Recommendation; Evidence Level: Grade B) 

AQUABLATION 

21. Aquablation may be offered to patients with LUTS attributed to BPH provided prostate volume >30/<80g, 

however, patients should be informed that long term evidence of efficacy and retreatment rates, remains limited. 

(Conditional Recommendation; Evidence Level: Grade C)  

PROSTATE ARTERY EMBOLIZATION (PAE) 

22. PAE is not recommended for the treatment of LUTS attributed to BPH outside the context of a clinical trial. 

(Expert Opinion)  

MEDICALLY COMPLICATED PATIENTS  

23. HoLEP, PVP, and ThuLEP should be considered in patients who are at higher risk of bleeding, such as those on 

anti-coagulation drugs. (Expert Opinion) 
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INTRODUCTION 

PURPOSE 

Benign prostatic hyperplasia (BPH) is a histologic 

diagnosis that refers to the proliferation of smooth 

muscle and epithelial cells within the prostatic transition 

zone. The prevalence and the severity of lower urinary 

tract symptoms (LUTS) in the aging male can be 

progressive and is an important diagnosis in the 

healthcare of patients and the welfare of society. In the 

management of bothersome LUTS, it is important that 

healthcare providers recognize the complex dynamics 

of the bladder, bladder neck, prostate, and urethra, in 

addition to the fact that symptoms may result from 

interactions of these organs as well as with the central 

nervous system or other systemic diseases (e.g., 

metabolic syndrome, congestive heart failure). Despite 

the more prevalent (and often first line) use of medical 

therapy for men suffering from LUTS attributed to BPH, 

there still remain clinical scenarios where surgery is 

indicated as the initial intervention for LUTS/BPH and 

should be recommended, providing other medical 

comorbidities do not preclude this approach. It is the 

hope that this revised guideline will provide a useful 

reference on the effective evidence-based surgical 

management of male LUTS secondary to BPH (LUTS/

BPH). Please see the accompanying algorithm for a 

summary of the surgical procedures detailed in the 

guideline. 

METHODOLOGY 

 The American Urological Association (AUA) Guideline: 

Management of Benign Prostatic Hyperplasia was last 

revised in 2010.1 In preparation for an update of the 

guideline, the Panel provided the Minnesota Evidence-

based Practice Center with key questions, interventions, 

comparators, and outcomes to be addressed. The 

review team worked closely with the Panel to refine the 

scope, key questions, and inclusion/exclusion criteria. 

The key questions were divided into three topics: 1. 

Preoperative parameters that are necessary before 

surgical intervention is instituted, 2. Surgical 

management of bladder outlet obstruction (BOO) 

secondary to BPH, and 3. Acute urinary retention. 

Panel Formation. The LUTS/ BPH Panel was 

created in 2016 by the American Urological Association 

Education and Research, Inc. (AUAER). The Practice 

Guidelines Committee (PGC) of the AUA selected the 

Panel Chairs who in turn appointed the additional panel 

members with specific expertise in this area. The AUA 

conducted a thorough peer review 

process. The draft guideline document was distributed 

to 130 peer reviewers. The panel reviewed and 

discussed all submitted comments and revised the draft 

as needed. Once finalized, the guideline was submitted 

for approval to the PGC and Science and Quality Council 

(SQC) and subsequently to the AUA Board of Directors 

for final approval. Funding of the panel was provided by 

the AUA; panel members received no remuneration for 

their work. 

Searches and Article Selection. The evidence 

review team searched Ovid MEDLINE, the Cochrane 

Library, and the Agency for Healthcare Research and 

Quality (AHRQ) database to identify randomized 

controlled trials (RCTs), clinical controlled trials (CCTs), 

systematic reviews/meta-analyses, and observational 

studies published and indexed between January 2007 

and September 2017. Following initial publication in 

2019, this Guideline underwent an amendment in 2019 

that included literature published through January 

2019. Note, additional studies published outside of this 

date range may be included to inform background 

sections or provide historical context. A unique search 

strategy was used for each of the three topics. 

Systematic reviews and meta- analyses were searched 

to identify additional eligible studies. The review team 

also reviewed articles for inclusion identified by the 

Panel. Search terms included Medical Subject Headings 

(MeSH) and keywords for procedures, devices, and 

conditions related to LUTS or BPH. Limits were used to 

restrict the search to English language publications. 

Abstract review was completed independently by two 

investigators to determine if citations were eligible for 

full text review. Two investigators independently 

reviewed full text articles to identify studies that met 

inclusion criteria. Conflicts between investigators on 

inclusion status were resolved through discussion or by 

a third investigator when necessary. 

Risk of Bias (ROB) and Data Extraction. The 

review team used the Cochrane Collaboration’s tool for 

assessing risk of bias (ROB).2 A bias is a systematic 

error in results or inferences that can lead to 

underestimation or overestimation of the true 

intervention effect. Differences in ROB can help explain 

heterogeneity in the results of studies included in a 

systematic review. ROB domains include random 

sequence generation, allocation concealment, blinding 

of participants and personnel, blinding of outcome 

assessment, incomplete outcome data, and selective 

reporting. Reviewers assessed ROB for the following 

outcomes: change in International Prostate Symptom 

Score (I-PSS), percent responders based on I-PSS 

(e.g., percentage achieving a minimally detectable 

American Urological Association (AUA)  Benign Prostatic 
Hyperplasia 

Copyright © 2019 American Urological Association Education and Research, Inc.® 



 5 

 

difference [MDD] such as a 30-50% reduction in score 

from baseline or achieving an I-PSS score of ≤7 points 

following treatment), change from baseline in quality of 

life (I-PSS-QoL), perioperative adverse events, and 

other adverse events (e.g., symptom recurrence, need 

for reoperation). For blinding of outcome assessment 

and incomplete outcome data the review team assessed 

ROB for short-, intermediate-, and long-term follow-up. 

The overall ROB judgement for each outcome across 

domains was determined using an approach suggested 

in the Cochrane Handbook version 5.1.3 ROB was 

assessed by a single reviewer and quality checked by a 

subject expert. Discrepancies were resolved by 

consensus. 

Data Synthesis and Analysis. Reviewers assessed 

clinical and methodological heterogeneity to determine 

appropriateness of pooling data. Data were analyzed in 

RevMan4 using DerSimonian-Laird random effects to 

calculate risk ratios (RR) with corresponding 95 percent 

confidence intervals (CI) for binary outcomes and 

weighted mean differences (WMD) with the 

corresponding 95 percent CIs for continuous outcomes. 

Statistical heterogeneity was assessed with the I2 

statistic. If substantial heterogeneity was present (i.e., 

I2 ≥70%), reviewers stratified the results to assess 

treatment effects based on patient or study 

characteristics and/or explored sensitivity analyses. For 

I-PSS and I-PSS- QoL, reviewers determined the 

statistical significance of the effect of interventions 

versus control but defined clinical efficacy based on 

whether the mean or median effect between 

intervention and control exceeded thresholds for clinical 

significance (i.e., the MDD). For I- PSS this is a 

difference of > 3 points. For QoL reviewers defined this 

as greater than 1 point. 

Overall quality of evidence for the primary outcomes 

within each comparison was evaluated using 

GRADEpro5 based on give assessed domains.6,7 The 

quality of evidence levels range from high to very low. 

The five domains include 1. Study limitations (ROB), 2. 

Directness (single, direct link between intervention and 

outcome), 3. Consistency (similarity of effect direction 

and size among studies), 4. Precision (degree of 

certainty around an estimate assessed in relationship to 

MDD), and 5. Reporting bias. 

Determination of Evidence Strength. The 

categorization of evidence strength is conceptually 

distinct from the quality of individual studies. Evidence 

strength refers to the body of evidence available for a 

particular question and includes not only individual 

study quality but consideration of study design, 

consistency of findings across studies, adequacy of 

sample sizes, and generalizability of samples, settings, 

and treatments for the purposes of  the guideline. The 

AUA categorizes body of evidence strength as Grade A 

(well-conducted and highly-generalizable RCTs or 

exceptionally strong observational studies with 

consistent findings), Grade B (RCTs with some 

weaknesses of procedure or generalizability or 

moderately strong observational studies with consistent 

findings), or Grade C (RCTs with serious deficiencies of 

procedure or generalizability or extremely small sample 

sizes or observational studies that are inconsistent, 

have small sample sizes, or have other problems that 

potentially confound interpretation of data). By 

definition, Grade A evidence is evidence about which 

the Panel has a high level of certainty, Grade B 

evidence is evidence about  which the Panel has a 

moderate level of certainty, and Grade C evidence is 

evidence about which the Panel has a low level of 

certainty. 

AUA Nomenclature: Linking Statement Type to 

Evidence Strength. The AUA nomenclature system 

explicitly links statement type to body of evidence 

strength, level of certainty, magnitude of benefit or 

risk/burdens, and the Panel’s judgment regarding the 

balance between benefits and risks/burdens (Table 1). 

Strong Recommendations are directive 

statements that an action should (benefits outweigh 

risks/burdens) or should not (risks/burdens outweigh 

benefits) be undertaken because net benefit or net 

harm is substantial. Moderate Recommendations are 

directive statements that an action should (benefits 

outweigh risks/burdens) or should not (risks/burdens 

outweigh benefits) be undertaken because net benefit 

or net harm is moderate. Conditional Recommendations 

are non-directive statements used when the evidence 

indicates that there is no apparent net benefit or harm 

or when the balance between benefits and risks/burden 

is unclear. All three statement types may be supported 

by any body of evidence strength grade. Body of 

evidence strength Grade A in support of a Strong or 

Moderate Recommendation indicates that the statement 

can be applied to most patients in most circumstances 

and that future research is unlikely to change 

confidence. Body of evidence strength Grade B in 

support of a Strong or Moderate Recommendation 

indicates that the statement can be applied to most 

patients in most circumstances but that better evidence 

could change confidence. Body of evidence strength 

Grade C in support of a Strong or Moderate 

Recommendation indicates that the statement can be 

applied to most patients in most circumstances but that 
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TABLE 1: AUA Nomenclature Linking Statement Type to Level of Certainty, Magnitude of Benefit or 

Risk/Burden, and Body of Evidence Strength 

  Evidence Strength A 

(High Certainty) 

Evidence Strength B 

(Moderate Certainty) 

Evidence Strength C 

(Low Certainty) 

Strong  

Recommendation 

  

(Net benefit or harm sub-

stantial) 

Benefits > Risks/Burdens 

(or vice versa) 

  

Net benefit (or net harm) 

is substantial 

  

Applies to most patients 

in most circumstances 

and future research is 

unlikely to change confi-

dence 

  

Benefits > Risks/Burdens 

(or vice versa) 

  

Net benefit (or net harm) 

is substantial 

  

Applies to most patients 

in most circumstances but 

better evidence could 

change confidence 

  

Benefits > Risks/Burdens (or 

vice versa) 

  

Net benefit (or net harm) 

appears substantial 

  

Applies to most patients in 

most circumstances but bet-

ter evidence is likely to 

change confidence 

(rarely used to support a 

Strong Recommendation) 

Moderate  

Recommendation 

  

(Net benefit or harm 

moderate) 

Benefits > Risks/Burdens 

(or vice versa) 

  

Net benefit (or net harm) 

is moderate 

  

Applies to most patients 

in most circumstances 

and future research is 

unlikely to change confi-

dence 

Benefits > Risks/Burdens 

(or vice versa) 

  

Net benefit (or net harm) 

is moderate 

  

Applies to most patients 

in most circumstances but 

better evidence could 

change confidence 

Benefits > Risks/Burdens (or 

vice versa) 

  

Net benefit (or net harm) 

appears moderate 

  

Applies to most patients in 

most circumstances but bet-

ter evidence is likely to 

change confidence 

Conditional  

Recommendation 

  

(No apparent net benefit 

or harm) 

Benefits = Risks/Burdens 

  

Best action depends on 

individual patient circum-

stances 

  

Future research unlikely 

to change confidence 

Benefits = Risks/Burdens 

  

Best action appears to 

depend on individual pa-

tient circumstances 

  

Better evidence could 

change confidence 

Balance between Benefits & 

Risks/Burdens unclear 

  

Alternative strategies may 

be equally reasonable 

  

Better evidence likely to 

change confidence 

Clinical Principle 

A statement about a component of clinical care that is widely agreed upon by urolo-

gists or other clinicians for which there may or may not be evidence in the medical 

literature 

Expert Opinion 

A statement, achieved by consensus of the Panel, that is based on members' clinical 

training, experience, knowledge, and judgment for which there is no evidence 

American Urological Association (AUA)  Benign Prostatic 
Hyperplasia 

Copyright © 2019 American Urological Association Education and Research, Inc.® 



 7 

 

better evidence is likely to change confidence. Body of 

evidence strength Grade C is only rarely used in 

support of a Strong Recommendation. Conditional 

Recommendations can also be supported by any 

evidence strength. When body of evidence strength is 

Grade A, the statement indicates that benefits and 

risks/burdens appear balanced, the best action depends 

on patient circumstances, and future research is 

unlikely to change confidence. When body of evidence 

strength Grade B is used, benefits and risks/burdens 

appear balanced, the best action also depends on 

individual patient circumstances and better evidence 

could change confidence. When body of evidence 

strength Grade C is used, there is uncertainty regarding 

the balance between benefits and risks/burdens, 

alternative strategies may be equally reasonable, and 

better evidence is likely to change confidence. 

Where gaps in the evidence existed, the Panel provides 

guidance in the form of Clinical Principles or Expert 

Opinion with consensus achieved using a modified 

Delphi technique if differences of opinion emerged.4 A 

Clinical Principle is a statement about a component of 

clinical care that is widely agreed upon by urologists or 

other clinicians for which there may or may not be 

evidence in the medical literature. Expert Opinion refers 

to a statement, achieved by consensus of the Panel, 

that is based on members' clinical training, experience, 

knowledge, and judgment for which there is no 

evidence. 

BACKGROUND 

BPH is a histologic diagnosis that refers to the 

proliferation of glandular epithelial tissue, smooth 

muscle, and connection tissue within the prostatic 

transition zone, hence the term “stromo-glandular 

hyperplasia.”8,9 While several hypotheses exist, BPH is 

likely the result  of a multifactorial process, the exact 

etiology of which is unknown. It is clear that male 

androgenic steroid hormones testosterone and 

dihydrotestosterone (DHT) play at least a permissive 

role as the absence of these hormones prior to puberty 

prevents the development of BPH. BPH is nearly 

ubiquitous in the aging male with worldwide autopsy 

proven histological prevalence increases starting at age 

40-45 years to reach 60% at age 60 and 80% at age 

80.10 

BPH or histological hyperplasia in itself does not require 

treatment and is not the target of therapeutic 

intervention. BPH does, however, in many men lead to 

an enlargement of the prostate called benign prostatic 

enlargement (BPE). The onset of the enlargement is 

highly variable as is the growth rate, though a 5% 

increase in volume has been shown in longitudinal 

studies of placebo treated patients.11 Clearly not all 

men with BPH will develop any evidence of BPE. The 

prostate gland may cause eventually obstruction at the 

level of  the bladder neck, which in turned is termed 

benign prostatic obstruction (BPO), assuming a non-

cancerous anatomy. It is important to realize that not 

all men with BPE will develop obstruction or BPO, just 

as not all men with BPH will have BPE. To complicate 

matters further, obstruction may also be caused by 

other conditions referred to as BOO. Thus, BPO is a 

subset of BOO. 

Parallel to these anatomical and functional processes, 

LUTS increase in frequency and severity with age and 

are divided into those associated with storage of urine 

and with voiding or emptying. In addition, there are 

other symptoms following urination (e.g. post void 

dribbling). 

Male LUTS may be caused by a variety of conditions, 

which include BPE and BPO. The enlarged gland has 

been proposed to contribute to the male LUTS complex 

via at least two routes: 1. Direct BOO/BPO from 

enlarged tissue (static component), and 2. From 

increased smooth muscle tone and resistance within the 

enlarged gland (dynamic component). This complex of 

storage symptoms is often referred to as overactive 

bladder (OAB). In men, OAB may be the result of 

primary detrusor overactivity/underactivity or develop 

secondary to the obstruction induced by BPE and BPO.12 

It is important to recognize that LUTS are non-specific, 

occur in men and women with similar frequency, and 

may be caused by many conditions, including BPE and 

BPO. Histological BPH is common and may lead to BPE. 

BPE may cause BPO, but not all men with BPH will 

develop BPE, and not all BPE will cause BPO. Because 

BPH is nearly ubiquitous  and because LUTS in men is 

commonly associated with and/or caused by BPE/BPO, 

a compromise terminology is often used referring to 

“LUTS most likely associated with BPE/BPO and BPH” or 

“LUTS secondary to BPH.” In this guideline, the Panel 

refers to “LUTS attributed to BPH” to indicate LUTS 

among older men for whom an alternative cause is not 

apparent after a basic evaluation. The Panel 

acknowledges that with a more extensive evaluation, 

some of these men will be found to have other 

conditions causing or contributing to their symptoms. 

As treatments being considered specifically for BPO 

become more invasive and risky, the importance of a 

more definitive diagnosis increases.  

Lower Urinary Tract Symptoms (LUTS) 
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The prevalence and the severity of LUTS increases as 

men age and is an important  diagnosis in the 

healthcare of patients and the welfare of society. In 

assessing the burden of disease, the Urologic Diseases 

in America BPH Project examined the prevalence of 

moderate-to-severe LUTS reported in U.S. population-

based studies that used the definition of an AUA-SI 

score of ≥7.13 Results from the Olmsted County Study 

showed a progressive increase in the prevalence of 

moderate-to-severe LUTS, rising to nearly 50% by the 

eighth decade of life. The presence of moderate-to-

severe LUTS was also associated with the development 

of acute urinary retention as a symptom of BPH 

progression, increasing from  a prevalence of 6.8 

episodes per 1,000 patient years of follow-up in the 

overall population  to a high of 34.7 episodes in men 

aged 70 and older with moderate-to-severe LUTS.   

Another study has estimated that 90% of men between 

45 and 80 years of age suffer some type of LUTS.14 

Although LUTS/BPH is not often a life-threatening 

condition, the impact of LUTS/BPH on QoL can be 

significant and should not be underestimated.13 When 

the effect of BPH-associated LUTS on QoL was studied 

in a number of community-based populations, for 

many, the most important motivations for seeking 

treatment were the severity and the degree of bother 

associated with the symptoms. These were also 

important considerations when assessing BPH and 

deciding when treatment is indicated.15 

Treatment of LUTS attributed to BPH 

The main focus of this guideline is on the treatment of 

LUTS attributed to BPH utilizing common surgical 

techniques and minimally invasive surgical therapies 

(MIST), although some additional statements are made 

regarding specific pre-operative tests and their utility in 

identifying appropriate surgical candidates. To provide 

some reference to the clinical efficacy and side effect 

profile of the procedures discussed in this guideline, 

clinical statements are made in comparison to what is 

generally accepted as the gold standard, that being a 

TURP (monopolar and/or bipolar). 

Traditionally, the primary goal of treatment has been to 

alleviate bothersome LUTS that result from BPO. More 

recently, treatment has also been focused on the 

alteration of disease progression and prevention of 

complications that can be associated with                

BPH/LUTS, such as acute urinary retention.16 A variety 

of pharmacologic classes of medications are employed 

to treat LUTS attributed to BPH, including alpha-

adrenergic antagonists (alpha-blockers), beta 

adrenergic agonists, 5-alpha- reductase inhibitors (5- 

ARIs), anticholinergics, vasopressin analogs, PDE-5 

inhibitors, and phytotherapeutics, which can be utilized 

alone or in combination to take advantage of their 

different mechanisms of action. Conversely, there exist 

clinical scenarios when either conservative 

management , including life style changes (e.g., fluid 

restriction, avoidance of substances with diuretic 

properties) or pharmacological management are either 

inadequate or inappropriate, warranting consideration 

of one of the many invasive procedures available for 

the treatment of LUTS attributed to BPH. Indications for 

the use of one of these modalities may include a desire 

by the patient to avoid taking a daily medication, failure 

of medical therapy to sufficiently ameliorate 

bothersome LUTS, and certain conditions that require 

more aggressive intervention where medical therapy is 

inappropriate. This latter category includes patients 

with acute and/or chronic renal insufficiency, refractory 

urinary retention, recurrent UTIs, and bladder stones or 

gross hematuria thought secondary to  BPH. 

Surgical treatment of symptomatic BPH has classically 

involved removal of the obstructing adenomatous tissue 

typically via the transurethral route (TURP) using 

monopolar electroconductivity. In instances where the 

physical size of the prostate precludes the  ability to 

achieve this task safely utilizing TURP (i.e. risk of 

transurethral resection [TUR] syndrome resulting in 

dilutional hyponatremia/hypervolemia), open simple 

prostatectomy (OSP) (i.e. retropubic or suprapubic) has 

been the treatment of choice. These procedures 

generally require regional (spinal, epidural) or general 

anesthesia in addition to varying durations of hospital 

convalescence. Furthermore, as many patients who 

require surgery for BPH have concomitant medical 

conditions (e.g., history of coronary artery disease, 

cerebrovascular disease, deep vein thrombosis) that 

necessitate anticoagulation or antiplatelet therapy, use 

of TURP or OSP can present significant clinical 

challenges or in some cases may be contraindicated. In 

addition, known complications associated with TURP 

and open prostatectomy, such as intraoperative and 

perioperative bleeding requiring transfusion, urethral 

stricture, bladder neck contracture, stress urinary 

incontinence, erectile dysfunction (ED), and retrograde 

ejaculation (RE), can negatively impact QoL. For 

reasons including obviating the need for regional or 

general anesthesia, hospital stay, discontinuation of 

anticoagulation therapy, and open surgery, a variety of 

alternatives to  the standard monopolar TURP have 

been developed and utilized to varying degrees in an 

attempt to achieve similar clinical efficacy and a 

reduction in short- and long-term complications. These 
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alternative surgical treatments and MISTs either use 

modifications to existing technology used in TURP or 

utilize altogether new technologies and concepts. In 

this guideline, a decision was made to evaluate the 

commonly used surgical procedures and MISTs to treat 

LUTS attributed to BPH when indicated based on 

evaluation by an appropriately trained clinician. These 

procedures include monopolar and bipolar TURP, robotic 

simple prostatectomy (retropubic, suprapubic, and 

laparoscopic), TUIP, bipolar TUVP, PVP, PUL, thermal 

ablation using TUMT, water vapor thermal therapy, 

TUNA of the prostate, enucleation using HoLEP or 

ThuLEP, and PAE. Data utilized to generate these 

statements are based on the results from what the 

Panel felt were acceptably performed RCTs and CCTs 

comparing each technique to TURP . 

Index Patient 

For this guideline, the Index Patient is a male aged 45 

or older who is consulting a qualified clinician for his 

LUTS. He does not have a history suggesting non-BPH 

causes of LUTS, and his LUTS may or may not be 

associated with an enlarged prostate gland, BOO, or 

histological BPH. 

Sexual Dysfunction and Surgical Therapy 

Data on the sexual side effects of BPH surgery can be 

difficult to ascertain as many studies are not primarily 

designed to answer this question. As such, many 

studies evaluate sexual side effects by looking at 

reported adverse events only, rather than specifically 

assessing sexual function. In addition, in some studies, 

especially those evaluating surgical treatments, 

patients may not only be undergoing a surgical 

procedure but are also stopping the previous medical 

therapy, which can confound interpretation of 

postoperative sexual function. 

Given the strong observed relationship between ED and 

LUTS/BPH, this group of men is at high risk for sexual 

dysfunction.17 Patients should be counselled about the 

sexual side effects of any surgical intervention and 

should be made aware that surgical treatment can 

cause ejaculatory dysfunction (EjD) and may worsen 

ED. Interventions for LUTS/BPH have clear sexual side 

effects. These treatments have a significant rate of EjD. 

Libido does not appear to be affected significantly by 

surgical therapy, and some studies have shown an 

improvement in erectile function (EF) after surgical 

treatment, although this improvement is controversial 

as other studies show a worsening of EF.18 Most 

importantly, sexual side effects from surgical 

treatments are more likely to be permanent than those 

from medical treatments, which can often be reversed 

by stopping medical treatment or switching to an 

alternative treatment. 

Shared Decision Making 

It is the hope that this clinical guideline will provide a 

useful reference on the effective evidence-based 

management of male LUTS attributed to BPH utilizing 

standard surgical techniques, MISTs using newer 

technologies, and treatments the Panel feels are 

investigative. This guideline also reviews a number of 

important aspects of the evaluation of LUTS, including 

available diagnostic tests to identify the underlying 

pathophysiology and to better assist in identifying 

appropriate candidates for invasive treatments. Certain 

treatment modalities recommended in the guideline 

may be unavailable to some clinicians, for example due 

to lack of access to the necessary equipment/

technology or a lack of expertise in the use of such 

modalities. In such instances, clinicians should discuss 

the key treatment classes with patients and engage in a 

shared decision making approach to reach  a treatment 

choice, which may necessitate a referral to another 

clinician for the chosen treatment. In all instances, 

patients should be provided with the risk/benefit profile 

for all treatment options in light of their circumstances 

to allow them to make informed decisions regarding 

their treatment plans. 

 

GUIDELINE STATEMENTS 

 

EVALUATION AND PEROPERATIVE TESTING  

 

1. Clinicians should take a medical history and 

utilize the AUA-Symptom Index (AUA-SI) and 

urinalysis in the initial evaluation of patients 

presenting with bothersome LUTS possibly 

attributed to BPH; select patients may also 

require post-void residual (PVR), 

uroflowmetry, or pressure flow studies. 

(Clinical Principle) 

A complete medical history should be taken to assess 

patient symptoms, prior procedures that could explain 

presence of symptoms, sexual history, use of 

medications, and overall fitness and health. The AUA-

SI, a validated self-administered questionnaire, can 

provide clinicians with information regarding the 

symptom burden patients are experiencing. 

Additionally, while a urinalysis cannot diagnose BPH, it 

American Urological Association (AUA)  Benign Prostatic 
Hyperplasia 

Copyright © 2019 American Urological Association Education and Research, Inc.® 



 10 

 

can help clinicians to rule out other causes of LUTS not 

associated with BPH through the detection of bacteria, 

blood, white cells, or protein in the urine. 

Optional studies that may be used to confirm the 

diagnosis or evaluate the severity of BPH include PVR, 

uroflowmetry, and pressure flow studies. A PVR can be 

useful in determining a baseline ability of the bladder to 

empty, detecting severe urinary retention that may not 

be amenable to medical therapy, and/or indicating 

detrusor dysfunction. There is no universally accepted 

definition of a clinically significant residual urine 

volume, and likely following a trend over time is the 

best way to use this tool. 

Uroflowmetry is a simple and risk-free office-based 

procedure that can be an important adjunct in the 

evaluation of LUTS. Flow rates of <10 mL/s have shown 

a specificity of 70%, a positive predictive value of 70%, 

and a sensitivity of 47% for BOO.19 If the patient's 

condition is not sufficiently suggestive of obstruction 

(e.g., peak urinary flow [Qmax] >10 mL/sec), pressure 

flow studies are optional as treatment failure rates are 

somewhat higher in the absence of obstruction. If 

interventional therapy is planned without clear evidence 

of the presence of obstruction, the patient needs to be 

informed of possible higher failure  rates of the 

procedure. 

Following initial evaluation, clinicians and patients 

should utilize a shared decision making approach to 

determine the need for and type of therapy. This 

decision will guide the need for further evaluation 

should the patient desire treatment. 

 

2. Clinicians should consider assessment of 

prostate size and shape via  abdominal or 

transrectal ultrasound, or cystoscopy, or by 

preexisting cross- sectional imaging (i.e. 

magnetic resonance imaging [MRI]/ 

computed tomography [CT]) prior to surgical 

intervention for LUTS attributed to BPH. 

(Clinical  Principle) 

Since the publication of previous iterations of this 

guideline, the approach to the  differential diagnosis 

and the differentiated treatment of male LUTS/BPH has 

become substantially more sophisticated with prostate 

size and morphology playing an important role in the 

decision making process. For example, the intravesical 

protrusion (e.g., intravesical lobe, ball-valving middle 

lobe) has been recognized to predict poor outcomes 

from watchful waiting and most medical therapies as 

well as the presence of urodynamic obstruction.20 

Currently available MISTs, such as water vapor thermal 

therapy and PUL are only indicated for prostates 

between 30g and 80g, and some very large prostates 

should be treated with open, laparoscopic, or robotically 

assisted laparoscopic enucleation. The weight of the 

prostate gland in grams, without the seminal vesicles, 

can be used as an alternative for prostate volume. 21 

Since digital rectal examination is unreliable in 

estimating prostate size and serum prostate specific 

antigen (PSA) is only a rough indicator of prostate size, 

it appears reasonable to recommend prostate imaging, 

particularly prior to surgical interventions given that 

prostate size may direct the clinician as to which 

intervention to consider.22 

Assessment of prostate size and morphology can be 

achieved by abdominal or transrectal ultrasonography 

or cystoscopy, or by cross-sectional imaging using CT 

or MRI. Many patients may have had such imaging as 

part of the workup for PSA elevation and/or prostate 

biopsy; therefore, any such imaging obtained in the 12 

months preceding the planned surgical intervention 

may be utilized for size and shape assessment to verify 

suitability for the therapeutic alternatives under 

consideration since prostate growth rates are 1.6% per 

year on average.23 Imaging should provide cross-

sectional and sagittal imaging of sufficient resolution to 

calculate prostate volume and assess presence or 

absence of an intravesical lobe.24 

 

3. Clinicians should perform a PVR assessment 

prior to surgical intervention for LUTS 

attributed to BPH. (Clinical Principle) 

While the evidence base is limited, multiple 

organizations and their guidelines generally include PVR 

measurement as part of the basic evaluation of LUTS. A 

rising PVR can  indicate medication failure and the need 

for surgical intervention, or further workup may be 

warranted. A “large” PVR (>300 mL) is worth 

monitoring, at the very least. Patients with symptoms 

from an elevated PVR (i.e. overflow incontinence, 

bladder stones, UTI, upper tract deterioration), may 

need to proceed on to surgery or for further 

urodynamics testing. To fully determine the etiology of 

an elevated PVR, formal urodynamics testing with a 

pressure flow study would need to be performed. While 

a clinically useful test that may drive management 

choices, PVR does not seem to be a strong predictor of 

acute urinary retention.25 
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4. Clinicians should consider uroflowmetry prior 

to surgical intervention for LUTS attributed to 

BPH. (Clinical Principle) 

The generally accepted minimum threshold voided 

volume for adequate interpretation is 150 cc, and 

patients should be instructed not to Valsalva void. In 

addition to the flow rate, the shape of the curve and 

duration of voiding provide useful information as a 

screening tool for LUTS. These results can help to 

characterize the voiding dysfunction and are useful in 

counseling patients regarding surgical outcomes and 

expectations. In patients with catheter-dependent 

urinary retention who may have underactive detrusor 

function, a pressure flow study is advised; however, 

clinicians should be aware that there are such patients 

(e.g., those with bladder diverticulum) in whom studies 

inaccurately indicate a lack of detrusor contractility. 

 

5. Clinicians should consider pressure flow 

studies prior to surgical intervention for LUTS 

attributed to BPH when diagnostic uncertainty 

exists. (Expert Opinion) 

Pressure flow studies are the most complete means to 

determine the presence of BOO.26 Non-invasive tools 

provide useful information, but only pressure flow 

studies can determine bladder function or lack thereof. 

The likelihood of obstruction is greatly increased in 

patients with a Qmax <10mL/s. A large volume PVR may 

indicate poor detrusor contractility, but correlation with 

obstruction is weak.27 Most patients can likely be 

managed and treated surgically without pressure flow 

studies; however, certain circumstances dictate more 

complex evaluation. OAB symptoms and incontinence 

can be sequelae of obstruction or secondary to non-

obstructive etiologies. In addition, patients with 

catheter-dependent urinary retention may have 

compromised detrusor function. Surgery in these 

individuals may not lead to meaningful improvement,28 

subject patients to unnecessary surgery, and carry 

increased risks for incontinence and exacerbated 

voiding symptoms. 

 

SURGICAL THERAPY 

6. Surgery is recommended for patients who 

have renal insufficiency secondary to BPH, 

refractory urinary retention secondary to BPH, 

recurrent urinary tract infections (UTIs), 

recurrent bladder stones or gross hematuria 

due to BPH, and/or with LUTS attributed to 

BPH refractory to and/or unwilling to use 

other therapies. (Clinical Principle) 

The overwhelming majority of patients with LUTS 

attributed to BPH who desire treatment will choose 

some form of medical therapy either with a single agent 

or a combination of agents with different mechanisms 

of action. Since the advent of medical therapy for BPH, 

this has resulted in a steady reduction in surgical 

therapies for this condition. In fact, between 1999 and 

2005, there was a 5% per year decrease in TURP.29 

When this study was updated, there was a further 

19.8% decrease from 2005 to 2008.30 As a result, 

patients who now undergo surgery for BPH are 

generally older31 and have more medical   

comorbidities.32 In addition, “failure of medical therapy” 

as an indication for surgery rose from essentially 0% in 

1988 to 87% in 2008.33 

Despite the more prevalent (and often first line) use of 

medical therapy for men suffering from LUTS 

associated with BPH, there still remain clinical scenarios 

where surgery is indicated as the initial intervention for 

LUTS/BPH and should be recommended, providing 

other medical comorbidities do not preclude this 

approach. Classically, these conditions include renal 

insufficiency secondary to BPH, refractory urinary 

retention secondary to BPH, recurrent UTIs, recurrent 

bladder stones or gross hematuria due to BPH, and/or 

with LUTS attributed to BPH refractory to and/or 

unwilling to use other therapies. Such patients are at 

much higher risk of renal deterioration if inadequately 

treated on medication. 

Long standing BOO from BPH can progress to 

incomplete bladder emptying, bilateral 

hydroureteronephrosis, and ultimately acute and/or 

chronic renal insufficiency. Although transient urethral 

catheterization with concomitant medical therapy using 

an alpha adrenergic antagonist can be considered, it is 

unlikely that the latter will adequately ameliorate the 

obstructive process to sufficiently prevent further upper 

urinary tract deterioration. In men with refractory 

urinary retention thought secondary to BPH, as opposed 

to that related to other etiologies (e.g., urethral 

stricture, neurogenic bladder), surgery should be the 

mainstay of therapy. Recurrent UTIs not due to other 

causes (e.g., bacterial prostatitis, renal calculi) and the 

presence of recurrent bladder calculi are generally 

thought to result from incomplete bladder emptying 

and a persistently elevated PVR. Surgical elimination of 

the obstruction when combined with the presence of 

adequate detrusor contractility should allow almost 

complete bladder emptying, thereby decreasing the risk 
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of future infections. 

Cystolithalopaxy can be performed concomitantly with 

the surgical procedure used to remove the obstructing 

prostate tissue, and depending on the size and number 

of stones present, can influence the choice of surgical 

approach (e.g., transurethral, open, or laparoscopic). It 

has been well demonstrated that the use of a 5-alpha 

reductase inhibitor (i.e. finasteride, dutasteride) can be 

an effective treatment for gross hematuria secondary to 

BPH.34 If, however, gross hematuria persists, surgical 

removal/ablation of the offending adenomatous tissue 

should be the next step unless precluded by other 

reasons. Finally, in patients with medically refractory 

LUTS associated with BPH or who choose not to pursue 

other minimally invasive therapies, surgery should be 

offered. 

 

7. Clinicians should not perform surgery solely 

for the presence of an asymptomatic bladder 

diverticulum; however, evaluation for the 

presence of BOO should be considered. 

(Clinical Principle) 

Indications for surgical intervention include recurrent 

UTI, recurrent bladder stones, progressive bladder 

dysfunction (i.e. loss of low pressure bladder storage 

function due to poor compliance), and renal 

insufficiency secondary to progressive bladder 

dysfunction. Prior to surgery for bladder diverticulum, 

clinicians should perform assessment for BOO and treat 

as clinically indicated. 

 

TRANSURETHRAL RESECTION OF THE PROSTATE 

(TURP) 

8. TURP should be offered as a treatment option 

for men with LUTS attributed to BPH. 

(Moderate Recommendation; Evidence Level: 

Grade B) 

TURP remains the historical standard by which all other 

subsequent surgical approaches to treatment of BPH 

are compared and serves as the reference group for all 

other techniques in this guideline. Shared medical 

decision making determines at which time point surgical 

intervention is performed along the spectrum of LUTS 

severity secondary to BPH. Thus, in some patients, a 

trial of medical management of LUTS attributed to BPH 

is not necessary prior to surgery. TURP helps to reduce 

urinary symptoms associated with BPH, including 

frequent/urgent need to urinate, difficulty initiating 

urination, prolonged urination, nocturia, non-continuous 

urination, a feeling of incomplete bladder emptying, 

and UTIs. Successful TURP can relieve symptoms 

quickly with most men experiencing significantly 

stronger urine flow within days of the procedure. TURP 

remains the single best gold standard against which to 

measure the efficacy, effectiveness, and safety of any 

other invasive treatments for male LUTS/BPH. 

 

9. Clinicians may use a monopolar or bipolar 

approach to TURP, depending on their 

expertise with these techniques. (Expert 

Opinion) 

A large body of literature has been published in recent 

years regarding certain modifications of the standard 

TURP using monopolar energy, most notably the use of 

bipolar energy transmission. 

Contrary to monopolar TURP, the energy does not 

travel through the body to reach a skin pad in bipolar 

TURP systems. The energy is confined between an 

active (resection loop) and a passive pole situated on 

the resectoscope tip. While monopolar TURP requires 

the use of either iso-osmolar solutions of sorbitol, 

mannitol, or glycine, bipolar TURP may be performed in 

0.9% NaCl solution. This reduces (if not eliminates) the 

risk for acute dilutional hyponatremia during prolonged 

resection, which may lead to the so-called TUR 

syndrome. 

Regarding the comparative efficacy, effectiveness, and 

safety of monopolar versus bipolar TURP, there are five 

systematic reviews and meta-analyses published 

between 2009 and 2015 that compared bipolar TURP to 

monopolar TURP.35-39 None of the authors found 

significant differences in terms of I-PSS improvement at 

12 months or improvements in peak urinary flow rates, 

the main efficacy parameters of interest. 

However, there were differences regarding safety 

parameters. Time to catheter removal or 

catheterization time was evaluated in four pooled 

analyses. All four favored bipolar TURP; however, the 

differences in the effect estimate were highly variable 

as was the degree of heterogeneity. Length of stay and 

dilution hyponatremia both favored bipolar TURP; 

however, there was close to 98% heterogeneity in each 

of the meta-analyses that evaluated these outcomes. 

Pooled data from Mamoulakis (2009), Burke (2010), 

Tang (2014), and Omar (2014) all supported that TUR 

syndrome occurred less frequently in the group that 

received bipolar TURP.36-39 

Risk reduction for clot retention favored bipolar TURP in 
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general. Bleeding and drops in hemoglobin seem to 

favor bipolar TURP but with a relatively high degree of 

heterogeneity in both meta-analyses. Need for blood 

transfusion post-operatively seems to favor bipolar 

TURP, although two out of six meta-analyses revealed 

no statistical significance. 

The findings of the meta-analyses and systematic 

reviews allow the following conclusions: 

 Since there are no differences in efficacy, it is 

reasonable to compare surgical interventions in this 

guideline document with either monopolar or 

bipolar TURP series regarding efficacy measures. 

 Since the main difference between monopolar and 

bipolar TURP is regarding TUR syndrome, which is 

unique to TURP and no other treatment, safety 

parameters other than TUR syndrome can also be 

compared between surgical interventions and 

monopolar and bipolar TURP. 

 The reduced risk of hyponatremia and TUR 

syndrome allows for longer resection times; 

therefore, bipolar TURP may be used in larger 

glands compared to monopolar TURP. 

 Since not all hospitals have bipolar TURP equipment 

available, it is left to the surgeon’s discretion and 

level of experience as to which type of TURP energy 

she/he may use. 

For the remainder of this document the reader should 

assume that all efficacy comparisons between surgical 

interventions and TURP make no difference as to what 

type of energy was used for the TURP comparator arm

(s). 

 

SIMPLE PROSTATECTOMY 

10. Clinicians should consider open, laparoscopic 

or robotic assisted prostatectomy, depending 

on their expertise with these techniques, for 

patients with large prostates. (Moderate 

Recommendation; Evidence Level: Grade C) 

Previous guidelines have emphasized the fact that 

complications increase with increasing resection time 

and increasing resected tissue volume following 

monopolar TURP. While no clear guidelines have been 

established, prolonged resection times should generally 

be avoided with monopolar approaches. Bipolar TURP 

was subsequently introduced and extended the safe 

duration of TURP and thus the indication for larger 

glands. The Panel recognizes that large is a relative 

term as some providers have excellent results utilizing 

transurethral approaches (e.g., bipolar TURP, HoLEP) in 

prostates > 60g. However, not all providers have 

access to or are using bipolar TURP or HoLEP 

technology, and may not wish to approach large glands 

transurethrally. 

Alternatively, larger prostates have been treated with 

OSP, either by suprapubic or retropubic approach. In 

recent years, alternative techniques have been 

developed that include laparoscopic (mostly 

transabdominal and transvesical) and robot-assisted 

laparoscopic approach. 

Four RCTs (n=433) were identified that compared OSP 

techniques to TURP.40-43 Three  trials used an open 

standard transvesical approach. Two trials41,42 reported 

significant differences in maximum urine flow at 12 

months favoring OSP, while one trial found no 

difference between the groups.40 Need for blood 

transfusions were similar between groups (RR: 1.2; CI: 

0.4, 3.4).40-42 Need for reoperation as reported in 2 

trials was lower in the OSP group compared to TURP 

(RR: 0.1; CI: 0.01, 0.8).41,42 Long-term results for 

mean change in I-PSS were not reported. The 

remaining study showed mean change in I-PSS through 

36 months, blood transfusions, need for reoperation, 

and urinary incontinence was similar for laparoscopic 

simple prostatectomy compared with TURP.43 

 

TRANSURETHRAL INCISION OF THE PROSTATE 

(TUIP) 

11. TUIP should be offered as an option for 

patients with prostates ≤30g for the surgical 

treatment of LUTS attributed to BPH. 

(Moderate Recommendation; Evidence Level: 

Grade B) 

TUIP has been used to treat small prostates usually 

defined as ≤30g for many decades. In past updates of 

the AUA and other guidelines, a large number of 

prospective cohort trials were analyzed, and adequate 

results were reported in terms of I-PSS and Qmax 

changes. A meta-analysis comparing TUIP with TURP 

after a minimum follow-up of 6 months identified a 

lower rate of RE (18.2% versus 65.4%) and need for 

blood transfusion (0.4% versus 8.6%) as the key 

advantages of TUIP versus TURP.44 

For the search period of this guideline, 1 RCT (n=86, 

data reported for 80 completers) conducted in Egypt 

that compared TUIP to TURP in men with small 

prostates (≤30g) was identified.45 Mean age of the 
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participants was 65 years, and baseline I-PSS was 19. 

Baseline prostate size was 28g. Follow-up was 48 

months. In men with small prostates, long-term mean 

change from baseline in I-PSS was similar between the 

TUIP and TURP groups (WMD: 0.5; CI: -0.2, 1.2). Need 

for reoperation and blood transfusion was similar 

between the TUIP and TURP groups. In terms of sexual 

side effects, ED was reported for 8% of TUIP 

participants compared to 20% for TURP participations, 

though this difference was not significant (RR: 0.4; CI: 

0.1, 1.3). There was, however, a significant difference 

in reports of RE with a total of 30 participants 

experiencing RE (9 in the TUIP arm and 21 in the TURP 

arm). 

TRANSURETHRAL VAPORIZATION OF THE 

PROSTATE (TUVP) 

12. Bipolar TUVP may be offered to patients for 

the treatment of LUTS attributed to BPH. 

(Conditional Recommendation; Evidence 

Level: Grade B) 

Transurethral electrovaporization (TUVP) of the 

prostate is a technical electrosurgical modification of 

the standard transurethral resection of the prostate. 

TUVP can utilize a variety of energy delivery surfaces 

including amongst others: a spherical rolling electrode 

(rollerball), grooved roller electrode (vaportrode), or 

hemi-spherical mushroom electrode (button). TUVP 

typically uses saline and is powered with a bipolar 

energy source. Compared to traditional resection loops, 

the various TUVP designs hope to improve upon tissue 

visualization, blood loss, resection speed and patient 

morbidity. 

Fourteen RCTs evaluating 1,828 participants compared 

bipolar TUVP with TURP.40,46-64 Mean age among 

participants was 67 years (range 56 to 70). Mean 

baseline IPSS was 23 (range 18 to 27) and mean 

prostate volume was 51 mL (range 36 to 65 mL). 

Length of follow-up ranged from 3 months to 10.1 

years. Overall, outcomes were similar in both groups 

for long-term response to treatment based on varying 

definitions using the International Prostate Symptom 

Score (IPSS); mean change in IPSS through 7 years; 

need for reoperation; and urinary incontinence. 

However, need for blood transfusion was lower for 

TUVP compared with TURP (<1% versus 4% (RR 0.20 

[95% CI 0.08 to 0.52). 

Six RCTs (n=601) compared effectiveness of TUVP and 

bipolar TURP.65-70 Mean age was 66 years (range 60 to 

69), baseline I-PSS was 21 (range 18 to 24), and mean 

prostate volume was 56mL (range 32 to 64). Data were 

insufficient to compare I-PSS changes. However, TUVP 

showed similar need for reoperation (RR: 1.5; CI: 0.6, 

3.9) and incontinence rates (RR: 0.9; CI: 0.4, 2.1) as 

well as need for blood transfusion (RR: 0.6; CI: 0.3, 

1.4).  

 

PHOTOSELECTIVE VAPORIZATION OF THE 

PROSTATE (PVP) 

13.  Clinicians should consider PVP as an option 

using 120W or 180W platforms for patients 

for the treatment of LUTS attributed to BPH. 

(Moderate Recommendation; Evidence Level: 

Grade B) 

PVP is a transurethral form of treatment that utilizes a 

600-micron side firing laser fiber in a noncontact mode. 

The laser wavelength is 532nm, which is preferentially 

absorbed by hemoglobin resulting primarily in tissue 

ablation/vaporization with a thin layer of underlying 

coagulation that provides hemostasis. The procedure is 

generally performed with saline irrigation, eliminating 

the possibility of TUR syndrome that can occur with non

-ionic irrigation. The goal of the procedure is to 

vaporize the prostate adenoma sequentially outwards 

until the surgical capsule is exposed and a defect is 

created within the prostate parenchyma through which 

the patient may now void.  

A substantial collection of data has been published on 

PVP since the last publication of this guideline. As part 

of this review, RCTs of PVP versus TURP were identified 

and examined for the 80W,71-80 120W,81-90 and 180W 

platforms.91-93 However, given the lack of availability of 

the 80W platform and the superior outcomes as 

compared to the higher powered lasers, clinicians 

utilizing PVP should utilize either the 120W or 180W 

options.  

Men considering PVP should be informed of the 

generally similar outcomes with regards to 

symptomatic, urinary improvement in LUTS/BPH and 

complication rates between TURP and PVP. Men should 

be counseled on the possible higher rates of 

retreatment for LUTS/BPH if an 80W platform is 

employed for surgery (RR: 2.0; CI: 1.01, 3.8). In the 

GOLIATH study,91-93  an international multicenter RCT 

comparing the 180W PVP to TURP, the recently 

published 24-month data reported similar adverse 

events related to urinary incontinence (RR: 1.0; CI: 

0.3, 3.28), need for blood transfusion (RR: 0.3; CI: 

0.01, 7.9), and overall need for reoperation (RR: 1.4; 

CI: 0.6, 3.0) between the two modalities. Outcomes at 

study termination were also similar with regards to 
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PSA, transurethral ultrasound (TRUS)-based prostate 

volume, PVR, and EF. While the I-PSS at 24 months 

was 5.9 for TURP (compared to 6.9 for PVP), this 

difference did not meet the non-inferiority criteria in the 

study (defined as a 3-point difference in the I-PSS). In 

a single center study comparing  M-TURP, B-TURP and 

120W PVP through 36 months supports the above 

insofar as there is similar change in IPSS and IPSS-QOL 

between PVP and the TURP cohorts. 89,90 

The Panel noted that PVP may be more efficacious for 

smaller volume prostates and that patient expectations 

should be aligned accordingly. The GOLIATH trial 

excluded men with prostate volumes > 80 cc,73 and at 

least two cohort studies noted an increased probability 

of intraoperative conversion to TURP for prostate 

volumes > 60 cc to 80 cc.94,95 

As detailed in Statement 23, the need for a blood 

transfusion was lower for PVP 120W compared to TURP. 

While other laser technologies can be utilized for laser 

ablation/vaporization of the prostate, the Panel 

concluded that these were either still investigational or 

had results that were not considered sufficient or safe 

to recommend them for routine use. This includes 

Nd:YAG, which is preferentially absorbed by 

hemoglobin and has a depth of penetration of 

approximately 1 cm. This laser was used in the 1990’s, 

but fell out of favor secondary to side effects and high 

reoperation rates. It has recently had a resurgence, but 

data are lacking to support its routine use. Other lasers, 

such as various diode wavelengths, are also available 

on the market. Diode lasers are absorbed by 

hemoglobin and water. Like Nd:YAG, the depth of 

penetration is deeper than PVP. Clinicians should be 

aware that use of lasers for prostate surgery can lead 

to significant delivery of energy to the irrigating fluid, 

thereby increasing the temperature of the irrigant. High

-powered and/or continuous lasers are at higher risk for 

temperature increases. Surgeons are advised to use 

continuous irrigation, occasionally test the temperature 

of the efflux, and consider whether a fluid warmer 

should be avoided. Thermal injuries to the bladder from 

hot irrigant have been reported after laser prostate 

surgery. 

 

PROSTATIC URETHRAL LIFT (PUL) 

14. Clinicians should consider PUL as an option for 

patients with LUTS attributed to BPH provided 

prostate volume <80g and verified absence of 

an obstructive middle lobe; however, patients 

should be informed that symptom reduction 

and flow rate improvement is less significant 

compared to TURP. Patients should be 

informed that evidence of efficacy and 

retreatment rates are poorly defined.  

(Moderate Recommendation; Evidence Level: 

Grade C)  

PUL was developed in 2004 as a treatment option for 

LUTS/BPH that works by altering prostatic anatomy 

without ablating tissue. These permanent transprostatic 

implants take the forms of sutures that are delivered by 

a hand-held device through a cystoscope to 

mechanically open the prostatic urethra by compressing 

the prostate parenchyma. The sutures have “T-shaped” 

bars on the ends of the suture and are spring loaded 

and placed so that the bars are set with one outside the 

prostate capsule and the other within the prostatic 

urethral lumen. The T-shaped sutures are placed such 

that there is sufficient tension on them thus pulling the 

lumen of the prostatic urethra towards the capsule, 

compressing the tissue, and opening the prostatic 

urethral lumen. Roehrborn et al. (2013) 96 

demonstrated with cystoscopy that the implant does 

not encrust, and epithelializes within 12 months. 

Histopathologic analysis of tissue obtained after PUL 

demonstrates a benign response to the implant. 97 

Additionally, no changes were noted in PSA. 98 

A single study comparing PUL versus TURP (BPH6 

Study) was found during evidence review. 99,100 The 

data indicate that a lower proportion of individuals in 

the PUL group responded to treatment at 12 months 

follow up compared to TURP as measured by the I-PSS 

reduction goal of ≥30% (73% versus 91%; P=.05). At 

24 months follow up, the mean difference between PUL 

and TURP was 6.1 points (CI: 2.2, 10.0) favoring TURP; 

however, changes in I-PSS-QoL were similar between 

groups at all follow up intervals. Additionally, Qmax was 

significantly lower in participants allocated to PUL at all 

follow up intervals, while changes in prostate volume 

were not reported.  

The need for reoperation due to symptom recurrence 

did not differ between groups over the 2-year study 

(RR: 2.4; CI: 0.5, 11.1). Although the incidence of 

serious and non-serious harms related to treatment, 

need for reoperation, and incontinence was similar 

between the PUL and TURP groups, reported incidence 

for incontinence for TURP was reported at 17.1% 

compared to 1.7% for PUL (CI: 0.3 to 18.0). In 

reviewing this study, the Panel noted that 

“incontinence” was poorly defined as it relates to the 

unusually high incidence reported in the TURP arm. The 

reader should note that the quality of evidence for non-
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serious harms related to the procedure was rated low, 

while that for incontinence, need for reoperation, and 

serious harms related to treatment was rated very low.  

Regarding PUL compared with sham (L.I.F.T Study), 
96,101-104 both mean change from baseline I-PSS (MD: -

5.2; CI: -7.45, -2.95) and improvements in I-PSS-QoL 

(MD: 1.2; CI: 1.7, -0.7) favored PUL. Additionally, 

mean change in Qmax at 3 months was higher for those 

who underwent the PUL procedure (4.3mL/s) compared 

to the sham control (2.0mL/s), P=.005. Of the 

participants randomized to PUL, five year follow up data 

slight decreases in mean I-PSS and QoL scores; 

however, both remained significantly improved from 

baseline.  

Only one treatment-related serious adverse event was 

reported during the double-blind phase of the study. In 

the short-term, there were significantly more treatment

-related harms, serious and non-serious, in the PUL 

group compared to sham (RR: 2.7; CI: 1.8, 3.9), 

Events included dysuria, hematuria, pelvic pain/

discomfort, urgency, bladder spasm, UTI, and 

retention.  

Reoperation due to symptom recurrence at 5 years was 

reported for 19 of 140 participants with 6 receiving 

additional PUL implants and 13 undergoing TURP or 

laser procedures. Removal of encrusted implants was 

required in 10 participants while 3 non-encrusted 

implants exposed to the bladder were removed 

prophylactically. Additionally, 15 participants were 

taking an alpha blocker or 5-alpha reductase inhibitor 

at five years. Given that approximately one third of the 

initial study population experienced unsatisfactory 

results necessitating further treatment, patients 

selecting PUL should be informed that this is a relatively 

new intervention for LUTS/BPH with uncertainties in 

long-term durability, though such uncontrolled data are 

available. 

Given the limitation of PUL to prostates <80g without 

obstructive lobes in the evaluated studies, the Panel 

recommends that clinicians limit this procedure to such 

patients until further data are available to indicate 

safety in other patient populations. Due to these 

restrictions, clinicians should verify prostate 

morphology and volume as previously detailed in the 

Evaluation and Preoperative Testing section herein.  

Additionally, there was a study of PUL that purposely 

treated men with obstruction including a middle lobe (a 

cystoscopic exclusion from previous RCT). We reviewed 

and excluded this study by Rukstalis et al. because it is 

not a randomized trial. The study is a “nonrandomized 

cohort” that used criteria identical to the LIFT trial 

except for some defined variables.96,105 It is essentially 

a case series with pre-post outcomes. For this reason 

the statement above  in which PUL must “verify 

absence of an obstructive middle lobe” remains 

unchanged in this update.  

 

15. PUL may be offered to eligible patients 

concerned with erectile and ejaculatory 

function for the treatment of with LUTS 

attributed to BPH. (Conditional 

Recommendation; Evidence Level: Grade C)  

One of the purported advantages of PUL includes the 

higher likelihood of preservation of sexual function. 

McVary et al. (2014) 101 demonstrated that the sexual 

function of men with normal or moderate ED at 

baseline was unaffected, and those with severe ED 

reported modest improvement. There was no evidence 

of de novo EjD or ED over the course of the study. 

Ejaculatory bother improved by 40% at 1 year 

(p<0.001), while intensity of ejaculation and amount of 

ejaculate improved by 23% and 22%, respectively 

(p<0.001). This larger study verified the findings 

previously published in initial testing.98 

In the BPH6 Study, no participants in the PUL group 

experienced adverse events related to sexual function. 

In comparison, ED and RE occurred in 9% and 20%, 

respectively, of the participants in the TURP group. 

While measures of EF using the Sexual Health 

Inventory for Men (SHIM) was similar between groups 

at all time points, ejaculatory function based on Male 

Sexual Health Questionnaire for Ejaculatory Dysfunction 

(MSHQ-EjD) scores was better in the PUL group with 

TURP participants experiencing declines from month 

one onward. MSHQ-EjD bother scores were similar 

throughout the 24-month follow up. The L.I.F.T. Study 

showed non-significant differences in sexual function 

between PUL and sham groups as measured via SHIM, 

IIEF-5, MSHQ-EjD function, and MSHQ-EjD bother. In 

men so concerned about new onset of ED and/or EjD, 

PUL likely does not pose additional risk. 

 

TRANSURETHRAL MICROWAVE THERAPY (TUMT) 

16. TUMT may be offered to patients with LUTS 

attributed to BPH; however, patients should 

be informed that surgical retreatment rates 

are higher compared to TURP. (Conditional 

Recommendation; Evidence Level: Grade C)  

Evidence regarding efficacy, symptom improvement, 
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adverse events and urinary flow rates are inconsistent. 

Four trials (n=499) compared TUMT to TURP or control. 
106-113 Mean baseline I-PSS was 21 (range 20 to 21), 

and mean prostate volume was 56mL (range 50 to 69). 

Follow-up periods ranged from six months to five years. 

Response to treatment, defined as an I-PSS ≤7 or 

>50% improvement from baseline, through 12 months 

was similar between the TUMT and TURP groups. 

Reoperation was significantly higher with TUMT (9.9%) 

compared to TURP (2.3%). Incontinence through long-

term follow-up was significantly lower with TUMT 

(0.7%) compared to TURP (3.9%). ED was similar for 

TUMT (6.3%) compared to TURP (11.5%).  

One trial (n=190) compared 40-minute TUMT with 

sham. Mean I-PSS at baseline was 22 in both groups. 

Mean changes in I-PSS from baseline through 3 months 

was greater with TUMT compared with sham (-10 and -

5.8 points, respectively). 114 Another trial (n=44) 

compared 30- or 60-minute TUMT to a sham procedure. 

Although not statistically significant, the International 

Continence Society (ICS) score, AUA Bother Score and 

Qmax improved from baseline in all treatment groups 

when reassessed at 4 month follow-up (P>0.05, all). 

Over the 12-month study period, 7 participants in the 

sham group and 5 in the TUMT group required 

retreatment. 115 

 

WATER VAPOR THERMAL THERAPY 

17. Water vapor thermal therapy may be offered 

to patients with LUTS attributed to BPH 

provided prostate volume <80g; however, 

patients should be counseled regarding 

efficacy and retreatment rates. (Conditional 

Recommendation; Evidence Level: Grade C)  

One double-blind trial 116-118 (n=197) compared water 

vapor thermal therapy (also referred to as transurethral 

destruction of prostate tissue by radiofrequency 

generated water thermotherapy). Mean age of study 

participants was 63 years. Patients had a mean 

baseline I-PSS of 22 and a mean prostate volume of 45 

cm3. Given the study inclusion criteria of prostate 

volume <80g, applicability of this therapy to larger 

glands is unknown. Unlike other MISTs, this technology 

did not exclude those men with obstructing middle 

lobes or median bars.  

Response to treatment through 3 months, based on an 

improvement in I-PSS of ≥30% or ≥8 points, was 

significantly greater in the water vapor thermal therapy 

group (74%) compared to the sham group (31%) (RR: 

2.4; CI: 1.6, 3.5). Mean changes from baseline in I-PSS 

and I-PSS-QoL at 3 months were greater in the water 

vapor thermal therapy group compared to the sham 

group with a MDD of >3 points (MD: -6.9; CI: -9.1, -

4.8). Two-year results showed sustained improvements 

for the I-PSS, I-PSS-QoL, and Qmax, with scores 

remaining significantly improved from baseline.  

Three-year results showed sustained improvements for 

the IPSS IPSS-QoL, and Qmax, with scores remaining 

significantly improved from baseline;119 Qmax 

improvement was > 50% from 3 to 24 months and 

39% at 36 months.13 At 36 months in the intent-to-

treat population of the original 136 participants, mean 

change from baseline in IPSS was -11.0 points and the 

mean score was 10.4 points, representing a 50% 

improvement from baseline. Mean IPSS-QoL was 

improved from baseline by 49% at 3 years.  

Rates of serious adverse events were low and similar 

between groups. The incidence of non-serious transient 

adverse events, including dysuria, hematuria, 

frequency and urgency, and UTI, was significantly 

higher in the water vapor thermal therapy group. 

 

18. Water vapor thermal therapy may be offered 

to eligible patients who desire preservation of 

erectile and ejaculatory function. (Conditional 

Recommendation; Evidence Level: Grade C)  

In the RCT comparing water vapor thermal therapy to 

sham, the original 136 patients randomized to water 

vapor thermal therapy are expected to be followed for 

five years. 117 At 36 months, no de novo erectile 

dysfunction was reported but dysuria was reported by 

1% of participants.116-119 No significant changes in IIEF-

EF scores were observed compared to baseline. Bother 

and function scores associated with ejaculation, 

assessed by the MSHQ-EjD, were significantly improved 

at 12 and 36 months following treatment, P=.006 and 

P=.003 respectively.  

 

TRANSURETHRAL NEEDLE ABLATION (TUNA) 

19. TUNA is not recommended for the treatment 

of LUTS attributed to BPH. (Expert Opinion)  

Initially after its release by the FDA, there was 

considerable literature generated evaluating the 

prostate morphology before and after TUNA using 

ultrasound, MRI, PSA, and endoscopy to evaluate this 

volume reduction issue. The conclusion now is that the 

prostatic volume is reduced less than initially 

anticipated. BPH histologic architecture is likely 
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replaced in part with scar, leaving modest at best 

volume reduction. Absent a consensus on mechanism of 

action, attempts to identify favorable candidates for 

TUNA, both in terms of short-term response and in 

terms of durability of improvement have been found to 

be difficult and inconsistent.  

In 2010 the AUA BPH Clinical Guidelines Panel 

commented that since the development of the 2003 

Guideline, little new information on effectiveness and 

safety had been published. 1,115 At that time, the Panel 

concluded that a degree of uncertainty remained 

regarding TUNA because of a paucity of high-quality 

studies. In the development of the current guideline, 

the Panel again searched for studies meeting the 

updated inclusion criteria, yet none were identified. The 

lack of peer-reviewed publication in the literature 

review timeframe meeting the inclusion criteria and the 

decreasing clinical relevance resulted in a lack of 

enthusiasm by the Panel to recommend TUNA for the 

any treatment of LUTS attributed to BPH.  

 

LASER ENUCLEATION  

20. Clinicians should consider holmium laser 

enucleation of the prostate (HoLEP) or 

thulium laser enucleation of the prostate 

(ThuLEP), depending on their expertise with 

either technique, as prostate size-independent 

suitable options for the treatment of LUTS 

attributed to BPH. (Moderate 

Recommendation; Evidence Level: Grade B)  

Due to the chromophore of water and minimal tissue 

depth penetration with both holmium and thulium 

(0.4mm for holmium, 0.2 mm for thulium), these two 

lasers achieve rapid vaporization and coagulation of 

tissue without the disadvantage of deep tissue 

penetration. They have better coagulative properties in 

tissue than either monopolar or bipolar TURP, and 

combined with their superficial penetration, both 

thulium and holmium are reasonable for endoscopic 

enucleation. 121 

HoLEP and ThuLEP have similar outcomes when 

compared to TURP for the treatment of symptomatic 

BPH as measured by I-PSS and I-PSS-QoL outcomes. 

Based on 4 studies reporting long-term follow-up 

comparing HoLEP to TURP, ranging from 12 to 92 

months, mean changes in I-PSS (approximately -19) 

between groups were statistically similar (WMD: -0.5; 

CI: -1.2, 0.3). 122-128  Only 2 studies reported I-PSS-QoL 

outcomes (mean change approximately -3.5) at follow 

up of greater than 12 months, and mean differences 

between groups were not statistically significant (0.10; 

CI: -0.05, 0.25). 127,128 

When comparing ThuLEP to TURP, 3 trials 129-132 

reported long-term results in I-PSS reduction (mean 

change approximately -15), ranging from 18 to 60 

months (WMD: 0.4 points; CI: -0.9, 1.6). Similarly, 

there was no significant difference in mean reduction in 

I-PSS-QoL outcomes (mean change approximately -

2.0). At long-term follow-up, the mean difference was -

0.3 (CI: -0.4, 0.9).  

Qmax at last follow-up after HoLEP and ThuLEP 

compared to TURP is generally similar. Of the 11 

studies reporting Qmax, 9 found the HoLEP and TURP 

groups to be similar. 123-137 Two studies, however, 

found significantly higher Qmax in the HoLEP groups. 
122,138 The ThuLEP and TURP groups were similar at 3 

months, 128,129,139-142 12 months, 128,140,143,144 18 months, 
132 48 months, 143 and 5-year follow-up.131 

Recurrence of symptoms or need for reoperation were 

reported in five studies comparing HoLEP to TURP. One 

of these reported no events. 134 Pooled analysis with 

the 4 remaining studies resulted in no differences (RR: 

0.42; CI: 0.07, 2.48]. 123-127 Other adverse events, 

including urethral stricture and bladder neck 

contracture, were similar for the HoLEP and TURP 

groups. Similarly, few patients required reoperation 

following ThuLEP and TURP, and pooled analysis from 3 

studies found that the groups were similar (RR: 1.3; 

CI: 0.2, 11.3). 129, 139,140 Other post-surgical 

complications (e.g., urethral stricture, urge 

incontinence, stress incontinence, urinary retention, 

UTI) were similar between the groups. 

In reviewing the need for blood transfusion, either peri- 

or post-operatively, likelihood was significantly lower 

compared to TURP for both HoLEP (RR 0.20; CI: 0.08, 

0.47) and ThuLEP (RR: 0.4; CI: 0.1, 0.9).  

 

AQUABLATION 

21. Aquablation may be offered to patients with 

LUTS attributed to BPH provided prostate 

volume >30/<80g, however, patients should 

be informed that long term evidence of 

efficacy and retreatment rates remains 

limited. (Conditional Recommendation; 

Evidence Level: Grade C)  

 

Aquablation surgery utilizes a robotic handpiece, 

console and conformal planning unit (CPU). The 
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technique is not in the minimally invasive surgical 

treatment (MIST)  category as patients must undergo 

general anesthesia. The resection of the prostate is 

performed using a water jet from a transurethrally 

placed robotic handpiece. Pre-treatment transrectal 

ultrasound is used to map out the specific region of the 

prostate to be resected with a particular focus on 

limiting resection in the area of the vermontanum. It is 

also used to monitor tissue resection in real time during 

the procedure. After completion of the resection, 

electro-cautery via a standard cystoscope/resctoscope 

or traction from a 3 way catheter balloon are used to 

obtain hemostasis. 

One low risk of bias RCT (n = 181) assessing 

Aquablation was evaluable by the panel.145-147 The trial 

utilized standard inclusion/exclusion criteria limiting 

participants to prostate sizes between 30-80 grams. 

Treatment response through 12 months, defined as at 

least a 5-point improvement in International Prostate 

Symptom Score (IPSS), was similar for Aquablation and 

TURP (Quality of Evidence: Moderate).145,146 Mean 

improvement in lower urinary tract symptoms (LUTS) 

based on the IPSS through 12 months was similar for 

Aquablation and TURP (Quality of Evidence: 

Moderate).145,146 Mean improvement in quality of life 

based on the IPSS-QoL through 12 months was similar 

for Aquablation and TURP (Quality of Evidence: 

Moderate).145,146 Need for blood transfusion and 

reoperation were similar for Aquablation and TURP 

(Quality of Evidence: Very low) with blood transfusion 

reported for one Aquablation participant and none 

receiving TURP (RR 1.69 [95% CI 0.70 to 41.0]). At   

follow-up (12 months), maximum flow rates increased 

similarly in the Aquablation group compared to TURP, 

10.3 vs 10.6 mL/s (P=.86), respectively.  

At 3 months, Aquablation resulted in fewer harms 

classified as Clavien-Dindo grade ≥2 compared to 

TURP, 26% versus 42%, P=.015.145,146 Additionally, 

rates of retrograde ejaculation were higher (P=.002) 

with TURP (23%) compared to Aquablation (6%). Other 

harms occurring at similar rates in both groups, and 

classified as Clavien-Dindo grades 1-4, included bladder 

spasms, bleeding, dysuria, pain, and urethral damage. 

No deaths were reported. Also at 3 months, reduction 

in prostate volume was significantly less with 

Aquablation (31%) compared to TURP (44%) 

(P=.007).145,146  

Aquablation has a theoretical advantage in preservation 

of erectile function or ejaculation as conductive heat 

(and its potential damage of erectile nerves) is not used 

to remove prostate tissue. This theoretical advantage 

may be in part mitigated by use of electro-cautery to 

achieve hemostasis. In addition, there are unknowns as 

to the MOA for the decreased rates of ejaculatory 

dysfunction. It  may be secondary to decreased tissue 

removal at the verumontanum or possibly treatments 

that avoid effecting the bladder neck. This requires 

further inquiry to address.  Among a non-random 

subset of sexually active men, the proportion of 

subjects who reported worsening sexual function 

through 6 months on the IIEF-5 (6-point decrease) or 

the Male Sexual Health Questionnaire (MSHQ-EjD) (2-

point decrease) was 33% in the Aquablation group 

compared with 56% in TURP group (P=.03).145,146 No 12

-month follow-up data have been reported to date. 

 

PROSTATE ARTERY EMBOLIZATION (PAE) 

22. PAE is not recommended for the treatment of 

LUTS attributed to BPH outside the context of 

a clinical trial. (Expert Opinion)  

PAE is a newer, largely unproven MIST for BPH. High 

level evidence remains sparse, and the overall quality 

of the studies is uniformly low. Some of the deficiencies 

of the included trials include 1. A lack of randomization, 

2. High levels of susceptibility to selection, detection, 

attrition, and reporting biases, 3. The common inclusion 

of a preoperative status of urinary retention, and 4. The 

absence of standard inclusion/exclusion criteria for a 

LUTS/BPH RCT.  

Three RCTs (n=247) were identified comparing PAE to 

TURP; however, there was substantial heterogeneity 

between the two trials (I2= 90%).148-150 One trial 

reported outcomes up to 2 years149, one up to 12 

months148, and the other only through 12 weeks.150 

There was substantial heterogeneity between trials and 

pooled results must therefore be interpreted with 

caution. Definitions of and outcomes for subjective 

symptom response varied substantially between trials. 

One trial reported the proportion of responders, defined 

as achieving an IPSS score ≤8 points and/or a QoL ≤3 

points, was similar between the PAE and TURP groups 

(RR 0.9 [95%CI 0.7 to 1.1]; low quality of evidence).148 

Success through 12 months was reported for 87% of 

the PAE participants compared with 100% in the TURP 

group. Overall, results at intermediate term follow-up 

(>3 to ≤12 months) were similar between groups 

(WMD 4.8 points [95% CI -2.9 to 12.5]; very low 

quality of evidence).148,149 The smallest trial (n=30) 

reported substantially greater improvement in 

symptoms with TURP compared with PAE (MD 9 points 

[95% CI 4.6 to 13.1]),148 and the other (n=107) 
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reported no significant difference between the groups 

at 3 and 12 months.149  

Results also differed between the trials regarding 

improvements in Qmax. Two trials reported lower flow 

rates with PAE compared with TURP148,150 and one trial 

reported similar flow rates between groups.149 Mean 

prostate volumes were significantly higher in the PAE 

group compared with the TURP group at all follow-up 

time points.148,149 Two studies found mean prostate size 

decreased among participants in the TURP group at 

short,150 intermediate, and long-term follow up.149 

Additionally, the 12-week trial reported PAE was not as 

effective in reducing bladder outlet obstruction, 

indicated by change in detrusor pressure at maximum 

flow rate, compared with TURP, -17.2 vs. -41.1 cmH2O 

(P=.002).150 Postoperatively, 56% of PAE patients were 

considered less obstructed compared with 93% of TURP 

(P=.003).150  

The need for reoperation was reported for 7 

participants in the PAE group compared with 2 in the 

TURP group (RR 2.9; CI: 0.7, 11.9; very low quality of 

evidence). Two trials found incidences of sexual 

dysfunction to be higher with TURP compared with PAE. 

One trial reported all 15 TURP participants experienced 

retrograde ejaculation while no cases were reported 

among PAE participants.148 The short-term trial found 

incidence of ejaculatory dysfunction was lower with PAE 

(56%) compared with TURP (84%) after 12 weeks (RR 

0.67 [95%CI 0.45 to 0.98).150  One trial reported a 

higher incidence of acute urinary retention requiring re-

catheterization in the PAE group (26%) versus the 

TURP group 6%, P=.004).149 This trial also found 

adverse events were half as frequent after PAE (n=36) 

compared to TURP (n=70), P=.003. Additionally, more 

cases of hematuria, urinary retention, UTI, and 

strictures were found after TURP,148-150 Although 

postoperative incidences of clot retention and strictures 

were infrequent.149,150 One incidence of TUR syndrome 

was reported.149 No deaths were reported in any trial. 

Given the heterogeneity in the literature—and concerns 

regarding radiation exposure, post-embolization 

syndrome, vascular access, technical feasibility, and 

quality control at lower volume centers—it is the 

opinion of the Panel that PAE should only be performed 

in the context of a clinical trial until sufficient evidence 

from rigorously performed studies is available to 

indicate definitive clinical benefit. The Panel 

recommends trials involve multi-disciplinary teams of 

urologists and radiologists; and that, as with other 

MIST therapies, RCTs comparing PAE to sham be 

considered to account for significant placebo 

effects.96,116    

 

MEDICALLY COMPLICATED PATIENTS 

23. HoLEP, PVP, and ThuLEP should be considered 

in patients who are at higher risk of bleeding, 

such as those on anti-coagulation drugs. 

(Expert Opinion) 

Multiple studies have shown the need for a blood 

transfusion (either peri- or post-operatively) was 

significantly less likely with HoLEP and ThuLEP as 

compared to TURP (RR: 0.20; CI: 0.08, 0.47) and (RR 

0.4; CI: 0.1, 0.9), respectively. 66,123,125,134-

136,138,140,143,144,151-153 In addition, studies of holmium 

laser prostate surgery in patients maintained on 

anticoagulation therapy at time of surgery have 

supported a relatively low transfusion rate. In a 2013 

retrospective review on a series of 125 patients treated 

with HoLEP (52 patients were on antithrombotic 

therapy at the time of surgery and 73 patients were 

not), only 4 men (7.7%) in the antithrombotic group 

required a blood transfusion compared to none in the 

control group. 154 A similar 2016 study compared 116 

patients who required anticoagulation/antiplatelet 

therapy at the time of HoLEP to 1,558 patients who did 

not. Other than a slightly increased duration of bladder 

irrigation and hospital stay, the use of anticoagulation/

antiplatelet therapy did not adversely affect outcomes. 
155 Lastly, a 2017 meta-analysis of patients on 

therapeutic anticoagulation/antiplatelet therapy when 

undergoing HoLEP supported that this approach can be 

performed safely on these patients, but stressed that 

there are limited data surrounding the class of direct 

oral anticoagulants and safety. 158  

While there are differences between wavelengths as 

well as the chromophore in which laser energy is 

absorbed (i.e. water, hemoglobin, pigment), in general, 

lasers have favorable hemostatic properties that treat 

bleeding more effectively than monopolar energy. Most 

lasers used in urology (532 nm, holmium, thulium) 

have superficial penetration and thermal diffusion 

depths that lead to the concentration of high-density 

energy in a superficial layer thereby “sealing” vessels 

and creating shallow coagulation zones. Holmium and 

thulium both have similar wavelengths (holmium 

2,140nm, thulium 2,013nm) and are absorbed by 

water. The major difference is that holmium is a pulsed 

laser while thulium is continuous, which impacts how 

quickly the temperature rises in the tissue. The 

decreased penetration depth of holmium and thulium as 

compared to monopolar energy leads to a more 
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superficial area of ischemia and can reduce risk for 

delayed bleeding as eschar sloughs approximately 7-14 

days post procedure. During this timeframe, any 

anticoagulant therapy that may have been discontinued 

will have resumed and be in effect, thereby making the 

reduction in eschar a significant benefit. 121,155-160 

The safety of thulium in anticoagulated patients has 

been reported in several publications. In one study of 

56 patients (32 on aspirin, 8 on clopidogrel or 

clopidogrel plus aspirin, and 16 on phenprocoumon), 4 

patients needed blood transfusions, and 4 patients 

required immediate reoperation. Given this high risk 

group and despite the reported issues, the patients did 

well overall. 161 Two other studies have described the 

feasibility of thulium laser for prostate surgery in 

anticoagulated patients and those bridged with low 

molecular weight heparin (LMWH). A 2013 study of 76 

patients compared those on anticoagulant/antiplatelet 

therapy during surgery to those who were bridged with 

LMWH. There were no statistically significant variations 

in hemoglobin between the two groups. 159 

A similar more recent 2017 study of 103 patients 

revealed the drop in hemoglobin levels in the pre- and 

post-operative periods were significantly higher in the 

LMWH bridged group than those who remained on 

anticoagulant/antiplatelet therapy during surgery. 

Given that no cardiopulmonary adverse events occurred 

and bleeding was not problematic, the authors 

recommend abandoning LMWH bridging and continuing 

anticoagulant/antiplatelet therapy during thulmium 

laser surgery. 162 

PVP is performed using the LBO laser, which has a 

wavelength of 532 nm and a chromophore of 

hemoglobin. The depth of penetration with PVP is 0.8 

mm. Multiple studies have found that PVP is safe and 

effective for patients who continue their anticoagulant/

antiplatelet therapy, with negligible transfusion rates. 

However, surgeons should be aware that longer 

catheterization and irrigation with an increased rate of 

complications has been reported, and delayed bleeding 

is more pronounced in these patients. 163-166 A 2017 

study confirmed these findings in 59 of 373 patients 

undergoing PVP. Overall, Greenlight PVP with the 180W 

laser unit on patients therapeutic on heparin, warfarin, 

clopidogrel, dipyridamole, or new oral anticoagulant 

drugs revealed good safety outcomes. 167 As expected, 

anticoagulated patients were older, had a higher 

American Society of Anesthesiologists (ASA) score than 

the control group and, although no patient required 

blood transfusion, there was a higher incidence of high-

grade Clavien–Dindo events. Similar to other studies, 

the therapeutically anticoagulated group had a 

significantly longer length of hospital stay and duration 

of catheterization as compared to the controls. In 

support of the concept of 120W PVP use in 

anticoagulated patients, recent publications report that 

the need for a blood transfusion was lower for 

photoselective vaporization prostatectomy 120W 

compared to TURP.89,90  

For additional information on the use of anticoagulation 

and antiplatelet therapy in surgical patients, refer to 

the ICUD/AUA review on Anticoagulation and 

Antiplatelet Therapy in Urologic Practice. 168 

 

FUTURE DIRECTIONS  

BPH and ensuing LUTS is a significant health issue 

affecting millions of men. There are enormous gaps in 

knowledge and, therefore, ensuing opportunities for 

discovery. These include but are not limited to many 

unanswered questions, such as the role of 

inflammation, metabolic dysfunction, obesity, and 

environmental factors in etiology, as well as the role of 

behavior modification, self management, and evolving 

therapeutic algorithms in both the prevention and 

progression of disease. 

Disease Etiology 

Currently, there are few animal and human tissue 

models for BPH/LUTS. This limits the ability and efforts 

to understand both pathogenesis and progression. More 

specifically, computational biology and genomic factors 

should be aimed towards understanding drivers of BPH 

and prostate growth and therapeutic targets. 

LUTS are differentially bothersome. Moreover, 

qualitative rather than quantitative changes have not 

been well described. For example, the most prevalent 

and bothersome of the LUTS is nocturia. The differential 

diagnosis of increased nighttime urination frequency/

volumes and the role of sleep apnea is an area of great 

importance given that nocturia is also associated with 

increases in overall mortality. Enhanced metrics 

including bother, pain, and incontinence will need to be 

incorporate and evaluated. 

Management of Nocturia 

Due to the considerable burden of nocturia on QoL and 

a lack of effective management options, more funded 

research is needed. Nocturia is often multifactorial in 

origin and symptomatic of other medical problems, 

further complicating effective management. Nocturia, 

whether global, reduced bladder capacity, or mixed, is 
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a unique symptom complex requiring special concern 

and judicious evaluation. 

Urodynamic Evaluation and Imaging 

The natural history and predictive ability of various 

urodynamic measures, such as flow rate and PVR, in 

regards to predicting patient reported outcomes (e.g., 

symptoms, QoL), and objective outcomes (e.g., peak 

flow, development of total retention, need for 

retreatment) is an area of great interest with 

substantial clinical and health care economic 

consequences. 

The importance of prostate imaging and, specifically, 

the presence of an intravesical or obstructing lobe in 

determining natural history and treatment responses 

are of great clinical importance to make the best 

therapeutic decisions. 

New Therapeutic Options 

At the time of writing these guidelines there were many 

promising MISTs in development. It is the hope of this 

Panel that further data will be available in the peer 

reviewed literature on these therapies to allow 

incorporation into future iterations of this guideline. 

With so many MISTs being developed for LUTS/BPH, 

the Panel is compelled to consider the attributes to 

which successful MISTs should include characteristics 

for patients and urologists. Future MISTs should strive 

for novel therapies that approach standard technologies 

in outcomes, ideally providing effective therapy with 

fewer side effects.  

From the patient standpoint, the hallmarks of a 

successful MIST might include the following: 1. 

Tolerability, 2. Rapid and durable relief of symptoms, 3. 

Short recovery time with rapid return to life activities, 

4. Minimal adverse events, and 5. Affordability. In 

addition to addressing the patients’ concerns, urologists 

strive for the following in looking to future therapies: 1. 

Capacity for performance in an ambulatory setting 

under reduced anesthesia, 2. A fast learning curve, 3. 

Generalizability from RCT, and 4. Ease of performance.  

Traditionally, the primary goal of treatment has been to 

alleviate bothersome LUTS that result from BOO. While 

a MIST may not alleviate symptoms to the same degree 

or durability as more invasive surgical options, a more 

favorable risk profile and reduced anesthetic risk would 

make such a treatment attractive to many patients and 

providers. Since many men discontinue medical 

therapy, yet proportionately few seek surgery, there is 

a large clinical need for an effective treatment that is 

less invasive than surgery. With this treatment class, 

perhaps a significant portion of men with BOO who 

have stopped medical therapy can be treated prior to 

impending bladder dysfunction. 

Treatment Failure 

Surgical studies often underestimate treatment failure. 

In large part, these studies are reported as per protocol 

analyses versus intent to treat. Therefore, results focus 

on responders. Ensuing underassessment of surgical 

follow up (e.g., need for retreatment, re-medication) is 

an assessment gap that can result in an incomplete 

assessment of safety and efficacy of both office and 

surgical procedures. 

Treatment Comparative Efficacy 

Studies of comparative efficacy of behavioral and 

lifestyle intervention versus medical treatment and 

medical therapies versus MISTs for male LUTS and BPH 

are lacking and would be of great benefit for all levels 

of providers and patients and perhaps result in cost 

savings. Models could include population science, the 

development of registries and analysis of electronic 

medical records and insurance databases. 
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American Urological Association AUA 

AUA-Symptom Index AUA-SI 

Benign Prostatic Enlargement BPE 

Benign Prostatic Hyperplasia BPH 

Benign Prostatic Obstruction BPO 

Bipolar Transurethral Enucleation BTE 

Bladder Outlet Obstruction BOO 

Clinical Controlled Trials CCT 

Computed Tomography CT 

Confidence Interval CI 

Dihydrotestosterone DHT 

Ejaculatory Dysfunction EjD 

Erectile Dysfunction ED 

Erectile Function EF 

Holmium Laser Enucleation of the Prostate HoLEP 

International Continence Society ICS 

International Prostate Symptom Score I-PSS 

Low Molecular Weight Heparin LMWH 

Lower Urinary Tract Symptoms LUTS 

Magnetic Resonance Imaging MRI 

Minimally Detectable Difference MDD 

Minimally Invasive Surgical Therapies MIST 

Open Simple Prostatectomy OSP 

Overactive Bladder OAB 

Photoselective Vaporization of the Prostate PVP 

Post Void Residual PVR 

Prostate Artery Embolization PAE 

Prostate Specific Antigen PSA 

Prostatic Urethral Lift PUL 

Quality of Life QoL 

Randomized Controlled Trials RCT 

Retrograde Ejaculation RE 

Risk of Bias ROB 

Risk Ratio RR 

Thulium Laser Enucleation of the Prostate ThuLEP 

Transurethral Bipolar Vaporization TUVis 

Transurethral Incision of the Prostate TUIP 

Transurethral Needle Ablation TUNA 

Transurethral Resection of the Prostate TURP 

Transurethral Ultrasound TRUS 

Transurethral Vaporization of the Prostate TUVP 

Urinary Tract Infections UTI 

Weighted Mean Difference WMD 



 24 

 

REFERENCES 

1. American Urological Association Guideline: 
management of benign prostatic hyperplasia 
(BPH). 2010. Available from http://
www.auanet.org/guidelines/benign-prostatic-
hyperplasia-(2010-reviewed-and-validity-
confirmed-2014).  

2. DistillerSR [Computer program]. Ottawa, Canada: 
Evidence Partners. Available from https://
www.evidencepartners.com/products/distillersr-
systematic-review-software/.  

3. Higgins JPT, Green S (editors). Cochrane 
Handbook for Systematic Reviews of Interventions 
Version 5.1.0 [updated March 2011]. The 
Cochrane Collaboration, 2011. Available from 
www.cochrane-handbook.org.  

4. Review Manager (RevMan) [Computer program]. 
Version 5.3. Copenhagen: The Nordic Cochrane 
Centre, The Cochrane Collaboration, 2014.  

5. GRADEpro GDT: GRADEpro Guideline 
Development Tool [Software]. McMaster 
University, 2015 (developed by Evidence Prime, 
Inc.). Available from gradepro.org.  

6. Balshem H, Helfand M, Schünemann HJ et al: 
GRADE guidelines: 3. Rating the quality of 
evidence. J Clin Epidemiol. 2011: 64: 401.  

7. Guyatt G, Oxman AD, Akl EA et al: GRADE 
guidelines: 1. Introduction-GRADE evidence 
profiles and summary of findings tables. J Clin 
Epidemiol. 2011; 64: 383.  

8. Lee C, Kozlowski J, Grayhack J: Intrinsic and 
extrinsic factors controlling benign prostatic 
growth. Prostate 1997; 31: 131.  

9. Auffenberg G, Helfan B, McVary K: Established 
medical therapy for benign prostatic hyperplasia. 
Urol Clin North Am 2009; 36: 443.  

10. Berry SJ, Coffey DS, Walsh PC et al: The 
development of human benign prostatic 
hyperplasia with age. J Urol 1984; 132: 474.  

11. Gades NM, Jacobson DJ, McGree ME et al: 
Dropout in a longitudinal, cohort study of urologic 
disease in community men. BMC Med Res 
Methodol 2006; 6:58.  

12. Reynard J: Does anticholinergic medication have a 
role for men with lower urinary tract symptoms/
benign prostatic hyperplasia either alone or in 
combination with other agents? Curr Opin Urol 
2004; 14: 13.  

13. Wei J, Calhoun E, Jacobsen S: Urologic diseases in 
America project: benign prostatic hyperplasia. J 
Urol 2005; 173: 1256.  

14. McVary K: BPH: Epidemiology and Comorbidities. 
Am J Manag Care 12 2006; 5 Suppl: S122.  

15. O'Leary M: LUTS, ED, QOL: alphabet soup or real 
concerns to aging men? Urology 2000; 56: 7.  

16. McConnell J, Roehrborn C, Bautista O et al: The 
long-term effect of doxazosin, finasteride, and 
combination therapy on the clinical progression of 
benign prostatic hyperplasia. N Engl J Med 
2003; 349: 2387.  

17. Fwu CW, Eggers PW, Kirkali Z et al: Change in 
sexual function in men with lower urinary tract 
symptoms/benign prostatic hyperplasia associated 
with long-term treatment with doxazosin, 

finasteride and combined therapy. J Urol 2014; 
191: 1828.  

18. McConnell JD, Roehrborn CG, Bautista OM et al: 
The long-term effects of doxazosin, finasteride 
and the combination on the clinical progression of 
BPH. NEJM 2003; 349: 2387.  

19. Reynard JM, Yang Q, Donovan JL et al: The ICS-
'BPH' Study: uroflowmetry, lower urinary tract 
symptoms and bladder outlet obstruction. Br J 
Urol 1998; 82: 619.  

20. Rieken M, Presicce F, Autorino R et al: Clinical 
significance of intravesical prostatic protrusion in 
the management of benign prostatic enlargement: 
a systematic review and critical analysis of current 
evidence. Minerva Urol Nefrol 2017; 69: 548.  

21. Verma M, Morgan JM: The weight of the prostate 
gland is an excellent surrogate for gland volume. 
Histopathology 2010; 57: 55.  

22. Stone BV, Shoag J, Halpern JA et al: Prostate size, 
nocturia and the digital rectal examination: a 
cohort study of 30 500 men.. BJU Int 2017; 119: 
298.  

23. Rhodes T, Girman CJ, Jaconsen SJ et al: 
Longitudinal prostate growth rates during 5 years 
in randomly selected community men 40–79 
years old. J Urol 1999; 161: 1174.  

24. Lu SH, Chen CS: Natural history and epidemiology 
of benign prostatic hyperplasia. Formosan Journal 
of Surgery 2014; 47: 207.  

25. Asimakopoulos AD, De Nunzio C, Kocjancic E et 
al: Measurement of post-void residual urine. 
Neurourol Urodyn 2016; 35: 55.  

26. Abrams P: Objective evaluation of bladder outlet 
obstruction. Br J Urol 1995; 76: 11.  

27. Nitti VW: Pressure flow urodynamic studies: the 
gold standard for diagnosing bladder outlet 
obstruction. Rev Urol 2005; 7: S14.  

28. Rademakers KL, van Koeveringe GA, Oelke M: 
Detrusor underactivity in men with lower urinary 
tract symptoms/benign prostatic obstruction: 
characterization and potential impact on 
indications for surgical treatment of the prostate. 
Curr Opin Urol 2016; 26: 3.  

29. Wasson JH, Bubolz TA, Lu-Yao GL et al: 
Transurethral resection of the prostate among 
medicare beneficiaries: 1984 to 1997. J Urol 
2000; 164: 1212.  

30. Malaeb BS, Yu X, McBean AM et al: National 
trends in surgical therapy for benign prostatic 
hyperplasia in the United States (2000-2008). 
Urology 2012; 79 :1111.  

31. Vela-Navarrete R, Gonzalez-Enguita C, Garcia-
Cardoso JV et al: The impact of medical therapy 
on surgery for benign prostatic hyperplasia: a 
study comparing changes in a decade (1992-
2002). BJU Int 2005; 96: 1045.  

32. Choi SY, Kim TH, Myung SC et al: Impact of 
changing trends in medical therapy on surgery for 
benign prostatic hyperplasia over two decades. 
Korean J Urol 2012; 53: 23.  

33. Izard J, Nickel JC: Impact of medical therapy on 
transurethral resection of the prostate: two 
decades of change. BJU Int 2011; 108: 89.  

34. Foley SJ, Soloman LZ, Wedderburn AW et al: A 
prospective study of the natural history of 
hematuria associated with benign prostatic 

American Urological Association (AUA)  

Copyright © 2019 American Urological Association Education and Research, Inc.® 

Benign Prostatic 
Hyperplasia 



 25 

 

hyperplasia and the effect of finasteride. J Urol 
2000; 163: 496.  

35. Cornu JN, Ahyai S, Bachmann A et al: A 
systematic review and meta-analysis of functional 
outcomes and complications following 
transurethral procedures for lower urinary tract 
symptoms resulting from benign prostatic 
obstruction: an update. Eur Urol 2015; 67: 1066.  

36. Tang Y, Li J, Pu C et al: Bipolar transurethral 
resection versus monopolar transurethral 
resection for benign prostatic hypertrophy: A 
systematic review and meta-analysis. J Endourol 
2014; 28: 1107.  

37. Omar MI, Lam TB, Alexander CE et al: Systematic 
review and meta-analysis of the clinical 
effectiveness of bipolar compared with monopolar 
transurethral resection of the prostate (turp). BJU 
Int 2014; 113: 24.  

38. Burke N, Whelan JP, Goeree L et al: Systematic 
review and meta-analysis of transurethral 
resection of the prostate versus minimally 
invasive procedures for the treatment of benign 
prostatic obstruction. Urology 2010; 75: 1015.  

39. Mamoulakis C, Ubbink DT and de la Rosette JJ: 
Bipolar versus monopolar transurethral resection 
of the prostate: A systematic review and meta-
analysis of randomized controlled trials. Eur Urol 
2009; 56: 798.  

40. Geavlete B, Bulai C, Ene C et al: Bipolar 
vaporization, resection, and enucleation versus 
open prostatectomy: optimal treatment 
alternatives in large prostate cases? J Endourol 
2015; 29: 323.  

41. Ou R, You M, Tang P et al: A randomized trial of 
transvesical prostatectomy versus transurethral 
resection of the prostate for prostate greater than 
80 mL. Urology 2010; 76: 958.  

42. Simforoosh N, Abdi H, Kashi AH et al: Open 
prostatectomy versus transurethral resection of 
the prostate, where are we standing in the new 
era? A randomized controlled trial. Urol J 2010; 7: 
262.  

43. Xie JB, Tan YA, Wang FL et al: Extraperitoneal 
laparoscopic adenomectomy (Madigan) versus 
bipolar transurethral resection of the prostate for 
benign prostatic hyperplasia greater than 80 ml: 
complications and functional outcomes after 3-
year follow-up. J Endourol 2014; 28: 353.  

44. Reich O, Gratzke C, Stief CG: Techniques and long
-term results of surgical procedures for BPH. Eur 
Urol 2006; 49: 970.  

45. Abd-El Kader O, Mohy El Den K, El Nashar A et al: 
Transurethral incision versus transurethral 
resection of the prostate in small prostatic 
adenoma: long-term follow-up. Afr J Urol 2012; 
18: 29.  

46. Elsakka A, Eltatawy H, Almekaty K et al: A 
prospective randomized controlled study 
comparing bipolar plasma vaporisation of the 
prostate to monopolar transurethral resection of 
the prostate. Arab J Urol 2017; 14: 280.  

47. Falahatkar S, Mokhtari G, Moghaddam K et al: 
Bipolar transurethral vaporization: a superior 
procedure in benign prostatic hyperplasia: a 
prospective randomized comparison with bipolar 
TURP. Int BRaz J Urol 2014; 40: 346.  

48. Geavlete B, Georgescu D, Multescu R et al: 
Bipolar plasma vaporization vs monopolar and 
bipolar TURP-A prospective, randomized, long-
term comparison. Urology 2011; 78: 930.  

49. Geavlete B, Stanescu F, Moldoveanu C et al: 
Continuous vs conventional bipolar plasma 
vaporisation of the prostate and standard 
monopolar resection: a prospective, randomized 
comparison of a new technological advance. BJU 
Int 2014; 113: 288.  

50. Hoekstra RJ, Van Melick HH, Kok ET et al: A 10-
year follow-up after transurethral resection of the 
prostate, contact laser prostatectomy and 
electrovaporization in men with benign prostatic 
hyperplasia; long-term results of a randomized 
controlled trial. BJU Int 2010; 106: 822.  

51. Karaman MI, Kaya C, Ozturk M et al: Comparison 
of transurethral vaporization using PlasmaKinetic 
energy and transurethral resection of prostate: 1-
yearfollow-up. J Endourol 2005; 19: 734.  

52. Kaya C, Ilktac A, Gokmen E et al: The long-term 
results of transurethral vaporization of the 
prostate using plasmakinetic energy. BJU Int 
2007; 99: 845.  

53. Koca O, Keles MO, Kaya C et al: Plasmakinetic 
vaporization versus transurethral resection of the 
prostate: six-year results. Turk J Urol 2014; 
40:134.  

54. Nuhoglu B, Balci MB, Aydin M et al: The role of 
bipolar transurethral vaporization in the 
management of benign prostatic hyperplasia. Urol 
Int 2011; 87: 400.  

55. van Melick HH, van Venrooij GE, Eckhardt MD et 
al: A randomized controlled trial comparing 
transurethral resection of the prostate, contact 
laser prostatectomy and electrovaporization in 
men with benign prostatic hyperplasia: analysis of 
subjective changes, morbidity and mortality. J 
Urol 2003; 169:1411. 

56. van Melick HH, van Venrooij GE, Boon TA: Long-
term follow-up after transurethral resection of the 
prostate, contact laser prostatectomy, and 
electrovaporization. Urology 2003; 62:1029. 

57. Zhang SY, Hu H, Zhang XP et al: Efficacy and 
safety of bipolar plasma vaporization of the 
prostate with "button-type" electrode compared 
with transurethral resection of prostate for benign 
prostatic hyperplasia. Chin Med J (Engl) 2012; 
125: 3811. 

58. Ekengren J, Haendler L, Hahn RG. Clinical 
outcome 1 year after transurethral vaporization 
and resection of the prostate. Urology 2000; 55: 
231. 

59. Hammadeh MY, Fowlis GA, Singh M, Philp T: 
Transurethral eletrovaporization of the prostate-a 
possible alternative to transurethral resection: a 
one year follow-up of a prospective randomized 
trial. Br J Urol 1998; 81: 721. 

60. Hammadeh MY, Madaan S, Singh M et al: A 3-
year follow up of a prospective randomized trial 
comparing transurethral electrovaporization of the 
prostate with standard transurethral 
prostatectomy. BJU Int 2000; 86: 648. 

61. McAllister WJ, Karim O, Samra DR et al: 
Transurethral electrovaporization of the prostate: 

American Urological Association (AUA)  

Copyright © 2019 American Urological Association Education and Research, Inc.® 

Benign Prostatic 
Hyperplasia 

https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Melick%20HH%5BAuthor%5D&cauthor=true&cauthor_uid=14665349
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Venrooij%20GE%5BAuthor%5D&cauthor=true&cauthor_uid=14665349
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boon%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=14665349
https://www.ncbi.nlm.nih.gov/pubmed/14665349


 26 

 

is it any better than conventional transurethral 
resection of the prostate? BJU Int 2003; 91: 211. 

62. Fowler C, McAllister W, Plail R et al: Randomized 
evaluation of alternative electrosurgical modalities 
to treat bladder outflow obstruction in mean with 
benign prostatic hyperplasia. Health Technol 
Assess 2005; 9: 1. 

63. Nuhoglu B, Ayyildiz A, Fidan V et al: Transurethral 
electrovaporization of the prostate: is it any better 
than standard transurethral prostatectomy? 5-
year follow up. J Endourol 2005; 19: 79. 

64. Erdagi U, Akman RY, Sargin SY et al: 
Transurethral electrovaporization of the prostate 
versus transurethral resection of the prostate: a 
prospective randomized study. Arch Ital Urol 
Androl 1999; 71: 125. 

65. Yip SK, Chan NH, Chiu P et al: A randomized 
controlled trial comparing the efficacy of hybrid 
bipolar transurethral vaporization and resection of 
the prostate with bipolar transurethral resection of 
the prostate. J Endourol 2011; 25: 1889. 

66. Gupta N, Sivaramakrishna, Kumar R et al: 
Comparison of standard transurethral resection, 
transurethral vapour resection and holmium laser 
enucleation of the prostate for managing benign 
prostatic hyperplasia of >40 g. BJU Int. 2006; 97: 
85. 

67. Gupta NP, Doddamani D, Aron M et al: Vapor 
resection: a good alternative to standard loop 
resection in the management of prostates >40 cc. 
J Endourol 2002; 16: 767. 

68. Helke C, Manseck A, Hakenberg OW et al: Is 
transurethral vaporesection of the prostate better 
than standard transurethral resection? Eur Urol 
2001; 39: 551.  

69. Kupeli S, Yilmaz E, Soygur T et al: Randomized 
study of transurethral resection of the prostate 
and combined transurethral resection and 
vaporization of the prostate as a therapeutic 
alternative in men with benign prostatic 
hyperplasia. J Endourol 2001; 15: 317.  

70. Perk H, Serel TA, Kosar A et al: Comparative early 
results of the sandwich technique and 
transurethral electroresection in benign prostatic 
hyperplasia. Prostate Cancer Prostatic Dis 2001; 
4: 242. 

71. Albino G, Marucco EC: TURP and PVP treatments 
are really similar? From subjective feeling to 
objective data. Pilot study (proof of concept) 
prospective randomized trial. Arch Ital Urol Androl 
2012; 84: 220. 

72. Bachmann A, Schürch L, Ruszat R et al: 
Photoselective vaporization (PVP) versus 
transurethral resection of the prostate (TURP): a 
prospective bi-centre study of perioperative 
morbidity and early functional outcome. Eur Urol 
2005; 48: 965. 

73. Bouchier-Hayes DM: Photoselective vaporization 
of the prostate – towards a new standard. 
Prostate Cancer Prostatic Dis 2007; 10: S10. 

74. Bouchier-Hayes DM, Van Appledorn S, Bugeja P et 
al: A randomized trial of photoselective 
vaporization of the prostate using the 80-W 
potassium-titanyl-phosphate laser vs 
transurethral prostatectomy, with a 1-year follow-
up. BJU Int 2010; 105: 964. 

75. Horasanli K, Silay MS, Altay B et al: 
Photoselective potassium titanyl phosphate (KTP) 
laser vaporization versus transurethral resection 
of the prostate for prostates larger than 70 mL: a 
short-term prospective randomized trial. Urology 
2008; 71: 247. 

76. Mohanty NK, Vasaudeva P, Kumar A et al: 
Photoselective vaporization of prostate vs. 
transurethral resection of prostate: A prospective, 
randomized study with one year follow-up. Indian 
J Urol 2012; 28: 307. 

77. Nomura H, Seki N, Yamaguchi A et al: 
Comparison of photoselective vaporization and 
standard transurethral resection of the prostate 
on urodynamics in patients with benign prostatic 
hyperplasia. Int J Urol 2009; 16: 657. 

78. Ruszat R, Wyler SF, Seitz M et al: Comparison of 
potassium-titanyl-phosphate laser vaporization of 
the prostate and transurethral resection of the 
prostate: update of a prospective non-randomized 
two-centre study. BJU Int 2008; 102: 1432. 

79. Tasci AI, Tugcu V, Sahin S et al: Rapid 
communication: photoselective vaporization of the 
prostate versus transurethral resection of the 
prostate for the large prostate: a prospective 
nonrandomized bicenter trial with 2-year follow-
up. J Endourol 2008; 22: 347. 

80. Tugcu V, Tasci AI, Sahin S et al: Comparison of 
photoselective vaporization of the prostate and 
transurethral resection of the prostate: a 
prospective nonrandomized bicenter trial with 2-
year follow-up. J Endourol 2008; 22: 1519. 

81. Al-Ansari A,Younes N, Sampige VP et al: 
GreenLight HPS 120-W laser vaporization versus 
transurethral resection of the prostate for 
treatment of benign prostatic hyperplasia: a 
randomized clinical trial with midterm follow-up. 
Eur Urol 2010; 58: 349. 

82. Bowen JM, Whelan JP, Hopkins RB et al: 
Photoselective vaporization for the treatment of 
benign prostatic hyperplasia. Ont Health Technol 
Assess Ser 2013; 13: 1. 

83. Capitan C, Blazquez C, Martin MD et al: 
GreenLight HPS 120-W laser vaporization versus 
transurethral resection of the prostate for the 
treatment of lower urinary tract symptoms due to 
benign prostatic hyperplasia: a randomized 
clinical trial with 2-year follow-up. Eur Urol 2011; 
60: 734. 

84. Liatsikos E, Kyriazis I, Kallidonis P et al: 
Photoselective GreenLight? laser vaporization 
versus transurethral resection of the prostate in 
Greece: a comparative cost analysis. J Endourol 
2012; 26: 168. 

85. Lukacs B, Loeffler J, Bruyere F et al: 
Photoselective vaporization of the prostate with 
GreenLight 120-W laser compared with monopolar 
transurethral resection of the prostate: a 
multicenter randomized controlled trial. Eur Urol 
2012; 61: 1165. 

86. Pereira-Correia JA, de Moraes Sousa KD, Santos 
JB et al: GreenLight HPSTM 120-W laser 
vaporization vs transurethral resection of the 
prostate (<60 mL): a 2-year randomized double-
blind prospective urodynamic investigation. BJU 
Int 2012; 110: 1184. 

American Urological Association (AUA)  

Copyright © 2019 American Urological Association Education and Research, Inc.® 

Benign Prostatic 
Hyperplasia 



 27 

 

87. Telli O, Okutucu TM, Suer E et al: A prospective, 
randomized comparative study of monopolar 
transurethral resection of the prostate versus 
photoselective vaporization of the prostate with 
GreenLight 120-W laser, in prostates less than 80 
cc. Ther Adv Urol 2015; 7: 3. 

88. Xue B, Zang Y, Zhang Y et al: GreenLight HPS 120
-W laser vaporization versus transurethral 
resection of the prostate for treatment of benign 
prostatic hyperplasia: a prospective randomized 
trial. J Xray Sci Technol 2013; 21: 125. 

89. Kumar A, Vasudeva P, Kumar N et al: A 
prospective randomized comparative study of 
monopolar and bipolar transurethral resection of 
the prostate and photoselective vaporization of 
the prostate in patients who present with benign 
prostatic obstruction: a single center experience. J 
Endourol 2013; 27:1245. 

90. Kumar N, Vasudeva P, Kumar Aet al: Prospective 
randomized comparison of monopolar TURP, 
bipolar TURP and photoselective vaporization of 
the prostate in patients with benign prostatic 
obstruction: 36 months outcome. Low 
Urin Tract Symptoms 2019; 10: 17. 

91. Bachmann A, Tubaro A, Barber N et al: 180-W 
XPS GreenLight laser vaporisation versus 
transurethral resection of the prostate for the 
treatment of benign prostatic obstruction: 6-
month safety and efficacy results of a European 
Multicentre Randomised Trial--the GOLIATH 
study. Eur Urol 2014; 65: 931. 

92. Bachmann A, Tubaro A, Barber N et al: A 
European multicenter randomized noninferiority 
trial comparing 180 W GreenLight XPS laser 
vaporization and transurethral resection of the 
prostate for the treatment of benign prostatic 
obstruction: 12-month results of the GOLIATH 
study. J Urol 2015; 193: 570. 

93. Thomas JA, Tubaro A, Barber N et al: A 
multicenter randomized noninferiority trial 
comparing GreenLight-XPS laser vaporization of 
the prostate and transurethral resection of the 
prostate for the treatment of benign prostatic 
obstruction: two-yr outcomes of the GOLIATH 
Study. Eur Urol 2016; 69: 94. 

94. Elhilali MM and Elkoushy MA: Greenlight laser 
vaporization versus transurethral resection of the 
prostate for treatment of benign prostatic 
obstruction: evidence from randomized controlled 
studies. Transl Androl Urol 2016; 5: 388. 

95. Hueber PA, Ben-Zvi T, Liberman D et al: Mid term 
outcomes of initial 250 case experience with 
GreenLight 120W-HPS Photoselective vaporization 
prostatectomy for benign prostatic hyperplasia: 
comparison of prostate volumes <60 cc, 60 cc-
100 cc and > 100cc. Can J Urol 2012; 19: 6450. 

96. Roehrborn CG, Gange SN, Shore ND et al: The 
prostatic urethral lift for the treatment of lower 
urinary tract symptoms associated with prostate 
enlargement due to benign prostatic hyperplasia: 
the L.I.F.T. Study. J Urol 2013; 190: 2161. 

97. Woo HH, Chin PT, McNicholas TA et al: Safety and 
feasibility of the prostatic urethral lift: a novel, 
minimally invasive treatment for lower urinary 
tract symptoms (LUTS) secondary to benign 

prostatic hyperplasia (BPH). BJU Int 2011; 108: 
82. 

98. Woo HH, Bolton DM, Laborde E et al: Preservation 
of sexual function with the prostatic urethral lift: a 
novel treatment for lower urinary tract symptoms 
secondary to benign prostatic hyperplasia. J Sex 
Med 2012; 9: 568. 

99. Gratzke C, Barber N, Speakman M et al: Prostatic 
urethral lift vs transurethral resection of the 
prostate: 2-year results of the BPH6 prospective, 
multicentre, randomized study. BJU International 
2017; 119: 767. 

100. Sonksen J, Barber NJ, Speakman MJ et al: 
Prospective, randomized, multinational study of 
prostatic urethral lift versus transurethral 
resection of the prostate: 12-month results from 
the BPH6 study. Eur Urol 2015; 68: 643. 

101. McVary KT, Gange SN, Shore ND et al: Treatment 
of LUTS secondary to BPH while preserving sexual 
function: randomized controlled study of prostatic 
urethral lift. J Sex Med 2014; 11: 279. 

102. Roehrborn C, Gange S, Shore N et al: Durability 
of the prostatic urethral lift: 2-Year results of the 
L.I.F.T. Study. Urol Prac 2015; 2: 26. 

103. Roehrborn CG, Rukstalis DB, Barkin J et al: Three 
year results of the prostatic urethral L.I.F.T. 
study. Can J Urol 2015; 22: 7772. 

104. Roehrborn CG, Barkin J, Gange SN et al: Five year 
results of the prospective randomized controlled 
prostatic urethral L.I.F.T. study. Can J Urol 2017; 
24: 8802. 

105. Rukstalis D, Grier D, Stroup S et al: Prostatic 
Urethral Lift (PUL) for obstructive median lobes: 
12 month results of the MedLift Study. Prostate 
Cancer Prostatic Dis 2019; [Epub ahead of print].  

106. De la Rosette JJ, Floratos DL, Severens JL et al: 
Transurethral resection vs microwave 
thermotherapy of the prostate: a cost-
consequences analysis. BJU Int 2003; 92: 713. 

107. Floratos DL, Lambertus LA, Rossi C et al: Long-
term followup of randomized transurethral 
microwave thermotherapy versus transurethral 
prostatic resection study. J Urol 2001; 165: 
1533.  

108. Norby B, Nielsen HV, Frimodt-Moller PC et al: 
Transurethral interstitial laser coagulation of the 
prostate and transurethral microwave 
thermotherapy vs transurethral resection or 
incision of the prostate: results of a randomized 
controlled study in patients with symptomatic 
benign prostatic hyperplasia. BJU Int 2002; 90: 
853. 

109. Schelin S, Geertsen U, Walter S et al: Feedback 
microwave thermotherapy versus TURP/prostate 
enucleation surgery in patients with benign 
prostatic hyperplasia and persistent urinary 
retention: a prospective, randomized, controlled, 
multicenter study. Urology 2006, 68: 795. 

110. Wagrell L, Schelin S, Nordlinf J et al: Feedback 
microwave thermotherapy versus TURP for clinical 
BPH-a randomized controlled multicenter study. 
Urology 2002; 60; 292. 

111. Wagrell L, Schelin S, Nordlinf J et al: Three-year 
follow-up of feedback microwave thermotherapy 
versus TURP for clinical BPH: A prospective 

American Urological Association (AUA)  

Copyright © 2019 American Urological Association Education and Research, Inc.® 

Benign Prostatic 
Hyperplasia 



 28 

 

randomized multicenter study. Urology 2004; 64: 
698. 

112. Mattiasson A, Wagrell L, Schelin S et al: Five-year 
follow-up of feedback microwave thermotherapy 
versus TURP for clinical BPH: a prospective 
randomized multicenter study. Urology 2007; 69: 
91. 

113. Zhang B, Wu G, Chen C et a:. Combination of 
channel-TURP and ILC versus standard TURP or 
ILC for elderly with benign prostatic hyperplasia: 
a randomized prospective trial. Urol Int 2011; 87: 
392. 

114. Albala DM, Fulmer BR, Turk TT et al: Office-based 
transurethral microwave thermotherapy using the 
TherMatrx TMx-2000. J Endourol 2002; 16: 57. 

115. Brehmer M, Wiskell H, Kinn AC: Sham treatment 
compared with 30 or 60 min of thermotherapy for 
benign prostatic hyperplasia: a randomized study. 
BJU Int 1999; 84: 292. 

116. McVary KT, Gange SN, Gittelman MC et al: 
Minimally invasive prostate convective water 
vapor energy ablation: a multicenter, randomized, 
controlled study for the treatment of lower urinary 
tract symptoms secondary to benign prostatic 
hyperplasia. J Urol 2016; 195: 1529. 

117. McVary KT, Gange SN, Gittelman MC et al: 
Erectile and ejaculatory function preserved with 
convective water vapor energy treatment of lower 
urinary tract symptoms secondary to benign 
prostatic hyperplasia: randomized controlled 
study. J Sex Med 2016; 13: 924. 

118. Roehrborn C, Gange SN, Gittleman MC et al: 
Convective thermal therapy: durable 2-year 
results of randomized controlled and prospective 
crossover studies for treatment of lower urinary 
tract symptoms due to benign prostatic 
hyperplasia. J Urol 2017; 197: 1507. 

119. McVary KT, Roehrborn CG: Three-year outcomes 
of the prospective, randomized controlled Rezum 
System study: convective radiofrequency thermal 
therapy for treatment of lower urinary tract 
symptoms due to benign prostatic hyperplasia. 
Urology 2019;111:1.  

120. McVary KT, Roehrborn CG, Avins AL et al: Update 
on AUA guideline on the management of benign 
prostatic hyperplasia. J Urol 2011; 185: 1793. 

121. Naspro R, Gomez Sancha F, Manica M et al: From 
"gold standard" resection to reproducible "future 
standard" endoscopic enucleation of the prostate: 
what we know about anatomical enucleation. 
Minerva Urol Nefrol 2017; 69: 446. 

122. Jhanwar A, Sinha RJ, Bansal A et al: Outcomes of 
transurethral resection and holmium laser 
enucleation in more than 60 g of prostate: A 
prospective randomized study. Urol Ann 2017; 9: 
45. 

123. Ahyai S, Lehrich K, Kuntz R: Holmium laser 
enucleation versus transurethral resection of the 
prostate: 3-year follow-up results of a randomized 
clinical trial. Eur Urol 2007; 52: 1456. 

124. Kuntz RM, Ahyai S, Lehrich K et al: Transurethral 
holmium laser enucleation of the prostate versus 
transurethral electrocautery resection of the 
prostate: a randomized prospective trial in 200 
patients. J Urol 2004; 172: 1012. 

125. Tan A, Gilling P, Kennett K et al: A randomized 
trial comparing holmium laser enucleation of the 
prostate with transurethral resection of the 
prostate for the treatment of bladder outlet 
obstruction secondary to benign prostatic 
hyperplasia in large glands (40 to 200 grams). J 
Urol 2003; 170: 1270. 

126. Wilson L, Gilling P, Williams A et al: A randomized 
trial comparing holmium laser enucleation versus 
transurethral resection in the treatment of 
prostates larger than 40 grams: results at 2 
years. Eur Urol 2006; 50: 569. 

127. Gilling PJ, Wilson LC, King CJ et al: Long-term 
results of a randomized trial comparing holmium 
laser enucleation of the prostate and transurethral 
resection of the prostate: results at 7 years. BJU 
Int 2012; 109: 408. 

128. Chen Y, Chen Q, Wang et al: A Prospective 
randomized clinical trial comparing plasmakinetic 
resection of the prostate with holmium laser 
enucleation of the prostate based on a 2-year 
followup. J Urol 2013; 189: 217. 

129. Cui D, Sun F, Zhuo J et al: A randomized trial 
comparing thulium laser resection to standard 
transurethral resection of the prostate for 
symptomatic benign prostatic hyperplasia: four-
year follow-up results. World J Urol 2014; 32: 
683. 

130. Yang Z, Wang X, Liu T: Thulium laser enucleation 
versus plasmakinetic resection of the prostate: a 
randomized prospective trial with 18 month follow 
up. Urology 2013; 81: 396. 

131. Yang Z, Liu T, Wang X: Comparison of thulium 
laser enucleation and plasmakinetic resection of 
the prostate in a randomized prospective trial with 
5-year follow-up. Lasers Med Sci 2016; 31: 1797. 

132. Wei H, Shao Y, Sun F et al: Thulium laser 
resection versus plasmakinetic resection of 
prostates larger than 80 ml. World J Urol 2014; 
32: 1077. 

133. Fayad AS, Elsheikh MG, Zakaria T et al: Holmium 
laser enucleation of the prostate versus bipolar 
resection of the prostate: a prospective 
randomized study. "pros and cons". Urology 
2015; 86: 1037. 

134. Hamouda A, Morsi G, Habib E et al: A comparative 
study between holmium laser enucleation of the 
prostate and transurethral resection of the 
prostate: 12-month follow-up. Journal of Clinical 
Urology 2014; 7: 99. 

135. Bašić D, Stankovic J, Potic M et al: Holmium laser 
enucleation versus transurethral resection of the 
prostate: a comparison of clinical results. Acta 
Chir Iugosl 2013; 60: 15. 

136. Eltabey MA, Sherif H, Hussein AA: Holmium laser 
enucleation versus transurethral resection of the 
prostate. Can J Urol 2010; 17: 5447. 

137. Mavuduru RM, Mandal AK, Singh SK et al: 
Comparison of HoLEP and TURP in terms of 
efficacy in the early postoperative period and 
perioperative morbidity. Urol Int 2009; 82: 130. 

138. Sun N, Fu Y, Tian T et al: Holmium laser 
enucleation of the prostate versus transurethral 
resection of the prostate: a randomized clinical 
trial. Int Urol Nephrol 2014; 46: 1277. 

American Urological Association (AUA)  

Copyright © 2019 American Urological Association Education and Research, Inc.® 

Benign Prostatic 
Hyperplasia 



 29 

 

139. Yan H, Ou TW, Chen L et al: Thulium laser 
vaporesection versus standard transurethral 
resection of the prostate: a randomized trial with 
transpulmonary thermodilution hemodynamic 
monitoring. Int J Urol 2013; 20: 507. 

140. Świniarski PP, Stępień S, Dudzic W et al: Thulium 
laser enucleation of the prostate (TmLEP) vs. 
transurethral resection of the prostate (TURP): 
evaluation of early results. Cent European J Urol 
2012; 63: 130. 

141. Peng B, Wang G, Zheng J et al: A comparative 
study of thulium laser resection of the prostate 
and bipolar transurethral plasmakinetic 
prostatectomy for treating benign prostatic 
hyperplasia. BJU International 2012; 111: 633. 

142. Bozzini G, Seveso M, Melegari S et al: Thulium 
laser enucleation (ThuLEP) versus transurethral 
resection of the prostate in saline (TURis): a 
randomized prospective trial to compare intra and 
early postoperative outcomes. Actas Urological 
Espanolas 2017; 41: 309.  

143. Chang CH, Lin TP, Chang YH et al: 
Vapoenucleation of the prostate using a high-
power thulium laser: a one-year follow-up study. 
BMC Urology 2015; 15: 40. 

144. Fu WJ, Zhang X, Yang Y et al: Comparison of 2-
µm continuous wave laser vaporesection of the 
prostate and transurethral resection of the 
prostate: a prospective nonrandomized trial with 
1-year follow-up. Urology 2010; 75: 194. 

145. Gilling P, Barber N, Bidair M et al: WATER: A 
double-blind, randomized, controlled trial of 
Aquablation vs transurethral resection of the 
prostate in benign prostatic hyperplasia. J Urol 
2019;199:1252. 

146. Gilling P, Barber N, Bidair M et al: Randomized 
controlled trial of Aquablation vs. transurethral 
resection of the prostate in benign prostatic 
hyperplasia: one-year outcomes. Urology 2019; 
[Epub ahead of print].  

147. Plante M, Gilling, P, Barber N et al: Symptom 
relief and anejaculation after Aquablation or 
transurethral resection of the prostate: subgroup 
analysis from a blinded randomized trial. BJU Int 
2019; [Epub ahead of print].  

148. Carnevale FC, Iscaife A, Yoshinaga EM et al: 
Transurethral resection of the prostate (TURP) 
versus original and PErFecTED prostate artery 
embolization (PAE) due to benign prostatic 
hyperplasia (BPH): preliminary results of a single 
center, prospective, urodynamic-controlled 
analysis. Cardiovasc Intervent Radiol 2016; 39: 
44.  

149. Gao Y, Huang Y, Zhang R et al: Benign prostatic 
hyperplasia: prostatic arterial embolization versus 
transurethral resection of the prostate—a 
prospective, randomized, and controlled trial. 
Radiology 2014; 270: 920. 

150. Abt D, Hechelhammer L, Mullhaupt G et al: 
Comparison of prostatic artery embolization (PAE) 
versus transurethral resection of the prostate 
(TURP) for benign prostatic hyperplasia: 
randomized, open label, non-inferiority trial. BMJ 
2019; 361:k2338.  

151. Mavuduru RM, Mandal AK, Singh SK, et al. 
Comparison of HoLEP and TURP in terms of 

efficacy in the early postoperative period and 
perioperative morbidity. Urologia Internationalis. 
2009;82(2):130-135. 

152. Montorsi F, Naspro R, Salonia A et al: Holmium 
laser enucleation versus transurethral resection of 
the prostate: results from a 2-center, prospective, 
randomized trial in patients with obstructive 
benign prostatic hyperplasia. J Urol 2004; 172: 
1926. 

153. Xia SJ, Zhuo J, Sun XW et al: Thulium laser 
versus standard transurethral resection of the 
prostate: a randomized prospective trial. Euro 
Urol 2008; 53: 382. 

154. Bishop CV, Liddell H, Ischia J et al: Holmium laser 
enucleation of the prostate: comparison of 
immediate postoperative outcomes in patients 
with and without antithrombotic therapy. Curr 
Urol 2013; 7: 28. 

155. El Tayeb MM, Jacob JM, Bhojani N et al: Holmium 
laser enucleation of the prostate in patients 
requiring anticoagulation. J Endourol 2016; 30: 
805. 

156. Gravas S, Bach T, Drake M, Gacci M, Gratzke C, 
Herrmann T.R.W. Madersbacher S, Mamoulakis C, 
Tikkinen K.A.O. Management of Non-Neurogenic 
Male Lower Urinary Tract Symptoms (LUTS), 
incl.Benign Prostatic Obstruction (BPO) Edn. 
presented at the EAU Annual Congress London 
2017. 978-90-79754-91-5. Publisher: EAU 
Guidelines Office. Place published: Arnhem, The 
Netherlands. 

157. Elzayat E., Habib E, Elhilali M: Holmium laser 
enucleation of the prostate in patients on 
anticoagulant therapy or with bleeding disorders. 
J Urol 2006; 175: 1428.  

158. Rivera M, Krambeck A, Lingeman J: Holmium 
laser enucleation of the prostate in patients 
requiring anticoagulation. Curr Urol Rep 2017; 
18: 77.  

159. Macchione L, Mucciardi G, Gali' A et al: Efficacy 
and safety of prostate vaporesection using a 120-
W 2-μm continuous-wave Tm:YAG laser (RevoLix 
2) in patients on continuous oral anticoagulant or 
antiplatelet therapy. Int Urol Nephrol 2013; 45: 
1545.  

160. Descazeaud A, Robert G, Azzousi AR et al: 
Committee for lower urinary tract symptoms of 
the French Association of Urology. Laser 
treatment of benign prostatic hyperplasia in 
patients on oral anticoagulant therapy: a review. 
BJU Int 2009; 103: 1162. 

161. Netsch C, Stoehrer M, Brüning M et al: Safety and 
effectiveness of thulium vapoenucleation of the 
prostate (ThuVEP) in patients on anticoagulant 
therapy. World J Urol 2014; 32: 165. 

162. Sener TE, Butticè S, Macchione L et al: Thulium 
laser vaporesection of the prostate: Can we 
operate without interrupting oral antiplatelet/
anticoagulant therapy? Investig Clin Urol 
2017;58: 192. 

163. Lee DJ, Rieken M, Halpern J et al: Laser 
vaporization of the prostate with the 180-W XPS-
Greenlight laser in patients with ongoing platelet 
aggregation inhibition and oral anticoagulation. 
Urology 2016; 91: 167. 

American Urological Association (AUA)  

Copyright © 2019 American Urological Association Education and Research, Inc.® 

Benign Prostatic 
Hyperplasia 



 30 

 

164. Woo HH, Hossack TA: Photoselective vaporization 
of the prostate with the 120-W lithium triborate 
laser in men taking coumadin. Urology 2011; 78: 
142. 

165. Ruszat R, Wyler S, Forster T et al: Safety and 
effectiveness of photoselective vaporization of the 
prostate (PVP) in patients on ongoing oral 
anticoagulation. Eur Urol 2007; 51:1031. 

166. Brassetti A, DE Nunzio C, Delongchamps NB et al: 
Green light vaporization of the prostate: is it an 
adult technique? Minerva Urol Nefrol 2017; 69: 
109. 

167. Knapp GL, Chalasani V, Woo HH: Perioperative 
adverse events in patients on continued 
anticoagulation undergoing photoselective 
vaporisation of the prostate with the 180-W 
Greenlight lithium triborate laser. BJU Int 2017; 
119: 33. 

168. Anticoagulation and Antiplatelet Therapy in 
Urologic Practice: ICUD and AUA Review Paper 
2014. http://www.auanet.org/guidelines/
anticoagulation-and-antiplatelet-therapy. 

 

American Urological Association (AUA)  

Copyright © 2019 American Urological Association Education and Research, Inc.® 

Benign Prostatic 
Hyperplasia 



 31 

 

Benign Prostatic Hyperplasia Panel, Consultants, 

and Staff 

Harris E. Foster, MD (Chair) 

Yale School of Medicine  

New Haven, CT 

 

Kevin T. McVary, MD (Vice-Chair) 

SIU School of Medicine  

Springfield, IL  

 

Michael J. Barry, MD 

Massachusetts General Hospital  

Boston, MA 

 

Steven A. Kaplan, MD 

Icahn School of Medicine at Mount Sinai  

New York, NY 

 

Claus G. Roehrborn, MD 

UT Southwestern Medical Center  

Dallas, TX 

 

J. Kellogg Parsons, MD 

UC San Diego Health  

La Jolla, CA  

 

Tobias Kohler, MD 

Mayo Clinic  

Springfield, IL 

 

Lori B. Lerner, MD 

VA Boston Healthcare System 

Boston, MA 

 

Charles Welliver, MD 

Albany Medical Center  

Albany, NY 

 

Deborah J. Lightner, MD (PGC Rep) 

Mayo Clinic 

Rochester, MN 

 

Manhar Gandhi, MD (Patient Advocate)  

Memphis Health Center 

Memphis, TN 

 

 

Consultants 

 

Timothy J. Wilt, MD 

Philipp Dahm, MD 

Lauren McKenzie, MPH 

Christina Rosebush, MPH 

Rod MacDonald, MPH 

Michael Risk, MD 

Jae Jung, MD 

Nancy Greer PhD 

 

Staff 

Heddy Hubbard, PhD, MPH, RN, FAAN 

Abid Khan, MHS, MPP 

Erin Kirkby, MS 

Nenellia K. Bronson, MA 

Leila Rahimi, MHS 

Brooke Bixler, MPH 

Shalini Selvarajah, MD 

 
 

CONFLICT OF INTEREST DISCLOSURES 

All panel members completed COI disclosures. Disclo-

sures listed include both topic– and non-topic-related 

relationships. 

Consultant/Advisor: Kevin T. McVary, MD: AMS/

Boston Scientific, Merck, Olympus; Michael J. Bar-

ry ,MD: US Preventive Services Task Force; Steven 

A. Kaplan, MD: Astellas, proverum, ProArc, Zen-

flow, Serenity, Allium, Avadel, Nymox; J. Kellogg Par-

sons, MD: MDx Health, Endocare; Lori B. Lerner, 

MD: Boston Scientific; Claus G. Roehrborn, MD: 

Glaxo Smith Kline, Protox, Neotract, NERI, Procept 

Biorobotics, Boston Scientific, nymox; Charles Welliver, 

MD: Coloplast 

Meeting Participant or Lecturer:  Tobias S. Kohler, 

MD: Coloplast; Lori B. Lerner, MD: Lumenis, Inc.  

Scientific Study or Trial: Kevin T. McVary, MD: As-

tellas, NIDDK; Michael J. Barry ,MD: Healthwise; Tobias 

S. Kohler, MD: American Medical Systems; Claus 

G. Roehrborn, MD: Southwest Oncology Group, 

CALGB Clinical Trial Group, Nxthera, Astellas; Charles 

Welliver, MD:  Procept Biorobotics, Auxillium, 

Mereo 

Leadership Position: Steven A. Kaplan, MD: Medi-

vizor, EcoFusion, AvantCourse 

Health Publishing: Deborah J. Lightner, MD: AUA, 

Urology/Elsevier; Claus G. Roehrborn, MD: NIDDK 

Other: Lori B. Lerner, MD: Procept; Charles Welliv-

er, MD: BMJ Best Practice, Oakstone Publishing, 

Amgen  

 

2019 Amendment:  

Consultant/Advisor: Kevin T. McVary, MD: AMS/

Boston Scientific, Merck, Olympus; Lori B. Lerner, MD: 

Boston Scientific; Kellogg Parsons, MD: MDx Health, 

Endocare 

Meeting Participant or Lecturer:  Tobias S. Kohler, 

American Urological Association (AUA)  

Copyright © 2019 American Urological Association Education and Research, Inc.® 

Benign Prostatic 
Hyperplasia 



 32 

 

MD: Coloplast; Lori B. Lerner, MD: Lumenis, Inc., 

Neotract, Augmentix  

Scientific Study or Trial: Kevin T. McVary, MD: As-

tellas, NIDDK, SRS Medical Systems; Tobias S. Kohler, 

MD: American Medical Systems 

Leadership Position: Kevin T. McVary, MD: Uron-

ext 

Other: Lori B. Lerner, MD: Procept 

Peer Reviewers 

We are grateful to the persons listed below who contributed to the 

Guideline by providing comments during the peer review process. 

Their reviews do not necessarily imply endorsement of the Guide-

line. 

Paul Abrams ,MD 

Peter C. Albertsen, MD 

Firas S. Attar , MD 

Raj Ayyagari, MD 

Wade Bushman MD, PhD 

Bilal I. Chughtai, MD 

Peter E. Clark, MD 

Quentin Clemens, MD 

Craig V. Comiter, MD 

Peter Crowley 

Glenn R. Cunningham, MD 

Anurag K. Das, MD 

Jordan D. Dimitrakoff, MD, PhD 

Roger R. Dmochowski, MD, MMHC 

James A. Eastham, MD 

Gregg Eure, MD 

Khaled Fareed, MD 

Jay Fowke PhD 

Pat F. Fulgham, MD 

Robert C. Flanigan, MD 

Peter J. Gilling, MD 

David A. Ginsberg, MD 

Howard B. Goldman, MD 

Ricardo Gonzalez ,MD 

Christopher M. Gonzalez, MD 

Christian Gratzke, MD 

David F. Green, MD 

Nikhil K. Gupta, MD 

Sevann Helo, MD 

Mitchell R. Humphreys, MD 

Christopher J. Kane, MD 

Deepak A. Kapoor, MD 

Melissa R. Kaufman, MD 

Bruce R. Kava, MD 

Louis R. Kavoussi, MD 

Mohit Khera, MD 

Peter M. Knapp, MD 

Barry A. Kogan, MD 

Amy E. Krambeck, MD 

Theodore Lamson, PhD 

Brad D. Lerner, MD 

Curtis Nickel, MD 

Victor W. Nitti, MD 

Michael P. O'Leary, MD, MPH 

William S. Reynolds, MD, MPH 

Eugene Rhee, MD 

Marcelino E. Rivera, MD 

Eric S. Rovner, MD 

Matthew P. Rutman, MD 

Matt Salkeld 

Roger E. Schultz, MD 

Kirill Shiranov, MD 

D. Robert Siemens, MD 

Anthony Y. Smith, MD 

Thomas F. Stringer, MD 

Shahin Tabatabaei, MD 

Cigdem Tanrikut, MD 

Alexis E. Te, MD 

J.Brantley Thrasher, MD 

Pradeep Tyagi, PhD 

J. Stuart Wolf, MD 

Dimin Xu 

Kevin C.  Zorn, MD 

 

DISCLAIMER 

This document was written by the Benign Prostatic Hyperplasia 

Guideline Panel of the American Urological Association Educa-

tion and Research, Inc., which was created in 2016. This 

amended Benign Prostatic Hyperplasia Guideline was drafted 

in 2019 by a subset of the original panel. This amendment 

updates the original guideline document to reflect literature 

released following original publication.  

The Practice Guidelines Committee (PGC) of the AUA selected 

the committee chair. Panel members were selected by the 

chair. Membership of the Panel included specialists in urology 

and primary care with specific expertise on this disorder. The 

mission of the panel was to develop recommendations that are 

analysis-based or consensus-based, depending on panel pro-

cesses and available data, for optimal clinical practices in the 

surgical treatment of benign prostatic hyperplasia. 

Funding of the panel was provided by the AUA. Panel members 

received no remuneration for their work. Each member of the 

panel provides an ongoing conflict of interest disclosure to the 

AUA.  

While these guidelines do not necessarily establish the stand-

ard of care, AUA seeks to recommend and to encourage com-

pliance by practitioners with current best practices related to 

the condition being treated. As medical knowledge expands 

and technology advances, the guidelines will change. Today 

these evidence-based guidelines statements represent not 

absolute mandates but provisional proposals for treatment 

under the specific conditions described in each document. For 

all these reasons, the guidelines do not pre-empt physician 

judgment in individual cases.  

Treating physicians must take into account variations in re-

sources, and patient tolerances, needs, and preferences.  Con-

formance with any clinical guideline does not guarantee a suc-

cessful outcome.  The guideline text may include information 

or recommendations about certain drug uses (‘off label‘) that 

are not approved by the Food and Drug Administration (FDA), 

or about medications or substances not subject to the FDA 

approval process. AUA urges strict compliance with all govern-

ment regulations and protocols for prescription and use of 

these substances. The physician is encouraged to carefully 

follow all available prescribing information about indications, 

contraindications, precautions and warnings. These guidelines 
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and best practice statements are not in-tended to provide le-

gal advice about use and misuse of these substances. 

Although guidelines are intended to encourage best practices 

and potentially encompass available technologies with suffi-

cient data as of close of the literature review, they are neces-

sarily time-limited.  Guidelines cannot include evaluation of all 

data on emerging technologies or management, including 

those that are FDA-approved, which may immediately come to 

represent accepted clinical practices.   

For this reason, the AUA does not regard technologies or man-

agement which are too new to be addressed by this guideline 

as necessarily experimental or investigational.  
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