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Purpose: The aim of this study was to compare the safety and efficacy of photoselective 
vaporization of the prostate (PVP) and transurethral enucleation with a bipolar system 
(TUEB).
Patients and Methods: Patients who underwent PVP or TUEB surgery for lower urinary 
tract symptoms due to bladder outlet obstruction at our institution from September 2015 to 
May 2019 were retrospectively reviewed. A total of 83 patients (PVP: n=45, TUEB: n=38) 
who were available for follow-up at least 12 months after surgery were included. 
Preoperative characteristics, perioperative parameters, and postoperative outcomes—such 
as International Prostate Symptom Score (IPSS), quality of life (QoL), maximum urinary 
flow rate (Qmax), post-void residual urine volume (PVR), and complications―at 3, 6, and 
12 months after surgery were compared between the two groups.
Results: Although differences in age, IPSS, and QoL were not significant, a significantly 
greater prostate volume, lower Qmax, and greater PVR were noted in the TUEB group. In 
perioperative parameters, a significantly shorter operation time, less change in serum hemo-
globin, fewer days of catheterization, and shorter length of stay were observed in the PVP 
group. As for postoperative outcomes, the IPSS storage subscore and PVR were significantly 
improved in the TUEB group. As complications, stress urinary incontinence was more 
frequently observed in the TUEB group, and urethral stricture was more common in the 
PVP group.
Conclusion: The present data suggest that PVP and TUEB are efficient and safe surgical 
treatment options. Management of patients undergoing PVP in the perioperative period 
appears easy. Improvements of subjective and objective parameters were superior after 
TUEB than after PVP.
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Introduction
In aging men, benign prostatic hyperplasia (BPH) and related lower urinary tract 
symptoms (LUTS) are common problems that impact daily activity and quality of 
life, and may lead to serious outcomes.1 Transurethral resection of the prostate 
(TURP) remains the surgical gold standard for LUTS due to BPH. However, this 
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procedure is associated with serious complications, such as 
intraoperative and postoperative bleeding and 
hyponatremia.2,3

With the recent advances in medical technology, various 
minimally invasive procedures have replaced TURP. 
According to the EAU guideline, the choice of surgical 
technique depends on prostate size, comorbidities of the 
patient, ability to have anesthesia, patients’ preferences, 
willingness to accept surgery-associated specific side- 
effects, availability of the surgical armamentarium, and 
experience of the surgeon with these surgical techniques.2 

In accordance with the algorithm for surgical approaches of 
the guideline, surgical treatment for BPH patients in our 
hospital includes photoselective vaporization of the prostate 
(PVP) or transurethral enucleation with a bipolar system 
(TUEB) in patients with prostate volume ≥30 mL.

GreenLight (532-nm laser) PVP, using the oxyhemoglo-
bin molecule as the tissue target chromophobe, has a similar 
efficacy to TURP, and it is considered a minimally invasive 
surgical treatment that has a lower risk of bleeding and can 
be done safely in patients with a large prostate or on oral 
anticoagulant agents.4,5

TUEB is a technique in which the adenoma is dissected 
and enucleated using a bipolar system. This technique is 
especially effective for a large prostate, and it is not 
inferior to open prostatectomy and TURP.6,7

In recent years, various devices have been developed, 
and many comparisons between the different techniques 
have been reported, but there have been no reports of 
a direct comparison between PVP and TUEB. The aim 
of this study was to retrospectively compare perioperative 
parameters, postoperative outcomes, and complications 
between both techniques for BPH patients in our hospital.

Methods
Patients who underwent PVP or TUEB surgery for LUTS 
due to bladder outlet obstruction at our institution from 
September 2015 to May 2019 were retrospectively 
reviewed. The 83 patients (PVP: n=45, TUEB: n=38) 
who were available for follow-up at least 12 months 
after surgery were included in this study. Exclusion criteria 
were prostate volume <30 mL and loss to follow-up within 
12 months.

The International Prostate Symptom Score (IPSS) and 
quality of life (QOL) score were assessed, and prostate 
abdominal ultrasonography, uroflowmetry, and urody-
namic studies were performed in all patients before sur-
gery. In accordance with BPH severity, surgical treatment 

was performed in patients with a relative or absolute 
surgical indication. Each procedure was done with the 
patient under general or regional anesthesia according to 
the judgment of the anesthesiologist. Both techniques were 
performed by five experienced urologists (8 years or more, 
mean 19 years after graduation from university). In accor-
dance with the EAU guidelines, the choice of procedure 
was left to the discretion of each urologist and patient. 
After the surgery, an urethral catheter was inserted until 
the gross hematuria had almost disappeared. After the 
catheter was removed, the patient was discharged if he 
could urinate without urinary retention. The questionnaire 
was completed, uroflowmetry was performed, and compli-
cations were assessed at 3, 6, and 12 months after surgery.

PVP was performed using a GreenLight 120W HPS 
system (American Medical System Inc., Minnetonka, MN, 
USA). A laser fiber was inserted through the working 
channel of a continuous double-flow 23-Fr resectoscope 
with normal saline irrigation. The procedure was done 
according to previously reported techniques, such as the 
Malek technique, the anterior start technique, and the 
Basel technique.8

TUEB was performed using a bipolar electrosurgical 
system (UES-40S, Olympus, Tokyo, Japan), a 26-Fr con-
tinuous flow resectoscope with a 12° telescope (Olympus), 
a specially designed, high-frequency electrode loop with 
a spatula, and a high-frequency electrode loop (Olympus). 
The procedure was done according to previously reported 
techniques.9 After enucleation, the prostate adenoma was 
resected using the standard high-frequency electrode loop, 
and the prostate chips were evacuated. The removal of 
adenoma with a tissue morcellator did not conducted.

Patients’ characteristics, such as age, prostate volume, 
IPSS total score, IPSS voiding subscore, IPSS storage 
subscore, QOL, maximum urine flow rate (Qmax), post-
void residual urine volume (PVR), dutasteride, anticoagu-
lant therapy, the bladder outlet obstruction index (BOOI), 
and the bladder contractile index (BCI), were compared 
between the groups. Perioperative parameters, including 
operation time, change in serum hemoglobin, change in 
serum sodium, days of catheterization, and length of stay, 
were compared between the groups. Clinical outcomes 
were evaluated using the IPSS total score, IPSS voiding 
subscore, IPSS storage subscore, QOL, Qmax, and PVR at 
baseline and 3, 6, and 12 months after surgery. 
Postoperative complications were evaluated using the 
Clavien–Dindo classification.10 Stress urinary inconti-
nence without the need for pharmacological or surgical 
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treatment was classified as grade I, and stress urinary 
incontinence requiring pharmacological treatment was 
classified as grade II.

Results were compared between the two groups using 
the Mann–Whitney U-test for continuous variables, and 
the chi-squared test and Fisher’s exact test for qualitative 
variables. Comparison between baseline and each follow- 
up visit was performed using the paired t-test. A P-value 
<0.05 was considered significant. All statistical analyses 
were conducted using SPSS ver. 23.

Ethical approval was provided by the Institutional 
Review Board of Kindai University Nara Hospital as 
instituted by the Declaration of Helsinki (Number 
20–11). The patient consent to review the medical record 
was not required by the committee due to the retrospective 
nature of the study. All the data were anonymized and 
maintained with confidentiality.

Results
Preoperative characteristics and perioperative data are 
shown in Table 1. Although the differences in age, IPSS 
total score, and QoL were not significant, a significantly 
greater prostate volume (PVP: 59.0±21.7, TUEB: 77.7 
±25.3 mL), lower Qmax (PVP: 6.9±3.5, TUEB: 5.4 
±2.9 mL/s), and greater PVR (PVP: 119±120, TUEB: 
196±184 mL) were noted in the TUEB group compared 
with the PVP group. A significantly shorter operation time 
(PVP: 103.4±25.5, TUEB: 122.3±39.4 min), less change 
in serum hemoglobin (PVP: 1.0±0.9, TUEB: 1.5±0.9 g/ 
dL), fewer days of catheterization (PVP: 2.5±1.2, TUEB: 
3.2±1.4 days), and shorter length of stay (PVP: 6.5±1.8, 
TUEB: 7.7±1.9 days) were observed in the PVP group.

Clinical outcomes are shown in Figure 1. In both 
groups, all parameters were significantly improved from 
baseline to each follow-up visit. The IPSS storage sub-
score (PVP: −4.0±3.5, TUEB: −5.9±3.5) and PVR (PVP: 
−74±131, TUEB: −160±182 mL) at 6 months after surgery 
were significantly improved in the TUEB group.

Postoperative complications are shown in Table 2. Grade 
I stress urinary incontinence was more frequently observed 
in the TUEB group, and urethral stricture was more fre-
quently observed in the PVP group. Re-catheterization was 
more frequently observed in the PVP group, but there was 
no significant difference between the groups.

Discussion
The present data suggest that PVP and TUEB are efficient 
and safe surgical treatment options.

Although clinical outcomes were basically similar in 
the two groups, the IPSS storage subscore and PVR at 6 
months after surgery were significantly better in the TUEB 
group. Regarding perioperative parameters, a significantly 
shorter operation time, less change in serum hemoglobin, 
fewer days of catheterization, and shorter length of stay 
were observed in the PVP group. Thus, TUEB may be 
slightly more effective, and PVP may be a safer procedure 
with a shorter hospital stay.

Although a direct comparison between PVP and TUEB 
has not been previously reported, some comparisons 
between PVP and enucleation procedures other than 
TUEB have been reported. Regarding objective parameters, 
Elmansy et al and Sun et al reported a significant improve-
ment in Qmax after HoLEP in a comparison between PVP 
and HoLEP.11,12 The present data showed that, although 
there was no difference in the improvement in Qmax 
between the two groups, the improvement in PVR in the 
TUEB group was superior to that in the PVP group. This 
supports the fact that enucleation is better than PVP for 
improving objective parameters. However, Kim et al 
reported that there were no differences in the improvements 
of objective parameters in the comparison between PVP 
and HoLEP with a small prostate volume of less than 
40 mL.13 Enucleation of a large prostate results in forming 
a large cavity, which may therefore contribute to the 
improvement of objective parameters.

Regarding subjective parameters, the above compari-
son between PVP and HoLEP reported that there were no 
significant differences in the improvements in IPSS and 
QOL.11,13 On the other hand, Inyoung et al reported that 
there were significantly greater improvements in the IPSS 
total score, IPSS voiding subscore, and IPSS storage sub-
score in HoLEP than in PVP. Moreover, they reported that 
the degree of improvement was much greater for voiding 
symptoms than for storage symptoms due to greater 
improvement in Qmax in HoLEP. The present data showed 
that there was no difference in improvement in the IPSS 
voiding subscore, but there was a significant improvement 
in the IPSS storage subscore in the TUEB group. Further 
improvement in Qmax in the TUEB group might have 
made a difference in improvement in the IPSS voiding 
subscore.

The above comparison between PVP and HoLEP 
reported that there were no significant differences in 
operation time, days of catheterization, and length of 
stay. The present data showed a significantly shorter 
operation time, fewer days of catheterization, and shorter 
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length of stay in the PVP group. Including many cases 
with small prostate volume and the limited operation 
schedule in the PVP group might have affected operation 
time. The greater number of cases with a large prostate 
volume in the TUEB group resulted in a longer time to 
improve hematuria. This might make a difference in the 
days of catheterization and the length of stay.

Although the present study did not conduct 
a comparison limited to cases with a large prostate volume, 
some studies have reported that TUEB was effective in 
patients with large prostate volume. A randomized, con-
trolled trial (RCT) of TUEB versus TURP in patients with 
a prostate volume of 70 mL or more reported a significantly 
longer operation time (156 vs 87 min) in the TUEB group, 
but IPSS, QOL score (6.4 vs 11.6, p=0.03, 1.7 vs 2.6, 
p=0.04, respectively), and Qmax (19.5 vs 15.1 mL/s, 
p<0.019) at one year after surgery were significantly 
improved in the TUEB group.6,7 There was no significant 
difference in postoperative complications, and the rate of 

re-operation at 5 years after surgery was 0% in the TUEB 
group and 5% in the TURP group, respectively. As well as 
the above comparison between PVP and HoLEP, enuclea-
tion was better for improving objective parameters.

In Japan, only one fiber, up to 400,000 J, can be used 
per PVP surgery. PVP in a large prostate tends to leave 
residual adenoma. Thus, enucleation may be more suitable 
in patients with a large prostate in whom the goal is 
curability. There are several methods of enucleation: plas-
makinetic enucleation and laser enucleation with holmium 
laser, GreenLight laser, diode laser, and thulium laser.14 

Laser enucleation requires high initial and maintenance 
costs, whereas TUEB is more economical because it can 
be performed with a bipolar TURP device.15 Thus, TUEB 
is considered to be an easy enucleation technique to 
introduce.

With respect to postoperative complications, Clavien– 
Dindo Grade I stress urinary incontinence was more fre-
quently observed in the TUEB group in the present study. 

Table 1 Preoperative Characteristics and Perioperative Data

PVP (n=45) TUEB (n=38) p value

Mean SD Mean SD

Age (y) 72.8 ± 6.9 72.7 ± 6.3 0.596

Prostate volume (mL) 59.0 ± 21.7 77.7 ± 25.3 <0.001

IPSS total score 19.4 ± 7.6 21.6 ± 7.7 0.229
Voiding subscore 11.0 ± 5.4 12.1 ± 5.1 0.32

Storage subscore 8.4 ± 3.4 9.5 ± 3.8 0.181

QOL 4.6 ± 1.1 4.8 ± 1.0 0.37

Qmax (mL/s) 6.9 ± 3.5 5.4 ± 2.9 0.037

PVR (mL) 119 ± 120 196 ± 184 0.03

Urinary retention 4 (9%) 7 (18%) 0.33

Medication
Dutasteride 23 (51%) 23 (61%) 0.39

Anticoagulant agent 23 (51%) 6 (16%) 0.001

Pressure flow study

BOOI 73.5 ± 25.0 73.2 ± 24.5 0.866
BCI 112.6 ± 30.3 108.6 ± 22.9 0.732

Operation time (min) 103.4 ± 25.5 122.3 ± 39.4 0.019
Change in serum Hb (g/dL) 1.0 ± 0.9 1.5 ± 0.9 0.015

Change in serum sodium (mEq/L) 0.2 ± 2.4 −0.7 ± 2.4 0.209

Length of catheterization (days) 2.5 ± 1.2 3.2 ± 1.4 0.016
Length of stay (days) 6.5 ± 1.8 7.7 ± 1.9 0.005

Abbreviations: IPSS, International Prostatic Symptom Score; QOL, quality of life; Qmax, peak flow rate; PVR, postvoid residual urine volume; BOOI, bladder outlet 
obstruction index; BCI, bladder contractility index; PVP, photoselective vaporization of prostate; TUEB, transurethral enucleation with a bipolar system.
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A comparison between PVP and HoLEP reported that stress 
urinary incontinence was more frequently observed in the 
HoLEP group.12 Stress urinary incontinence is considered to 
be a characteristic complication of enucleation. Stress urin-
ary incontinence is usually caused by the weakness and 
stretching of the external sphincter due to an enlarged 
prostate.16 On some occasions, enucleation of the adenoma 
proximal to the external sphincter, especially in the 12- 
o’clock region, may cause transient incontinence.17 This 

was mostly a short-term complication and resolved effec-
tively after a period of close observation and symptomatic 
treatment.8 In the present study, 37.5% of patients shortly 
after surgery in the TUEB group had Grade I stress urinary 
incontinence, and almost all cases improved after a short 
period of observation. The incidence of stress urinary incon-
tinence in this study was higher compared to previous 
reports. The reason for this result may be that we included 
cases with tiny amounts of incontinence. Urethral stricture 
was more frequently observed in the PVP group in the pre-
sent study. Larger scope size was reported to be a risk factor 
for urethral stricture.18 The present data showed that urethral 
stricture was more frequent in the PVP group, although 
a smaller scope size was used in the PVP group. However, 
the reason is unclear, and further study is required. Re- 
catheterization seemed to be more frequently observed in 
the PVP group, but there was no significant difference 
between the groups in the present study. Several studies 
have reported a re-catheterization rate of 2.9–15.3% follow-
ing PVP surgery.19–21 The present data showed a similar rate 
of re-catheterization, but all cases improved within a short 
time. There can be various causes of re-catheterization. 
Longer catheterization times may be preferred in patients 
with urinary retention, with very large prostates, the elderly, 
those on anticoagulants, or those who fail the initial voiding 
trial due to some swelling/inflammation around the bladder 
neck or prostatic urethra. Re-catheterization was often seen at 
the time of PVP introduction at our institution, and the 

Figure 1 Mean postoperative values at different points of follow-up are shown for (A) International Prostate Symptom Score (IPSS), (B) IPSS voiding symptom score, (C) 
IPSS storage symptom score, (D) quality of life (QOL), (E) maximal urine flow rate (Qmax, mL/s), and (F) postvoid residual urine volume (PVR, mL). *At each follow-up visit, 
significant differences were found from the value at baseline. †A significant difference between two groups was found in the change in each parameter from baseline to each 
follow-up visit. 
Abbreviations: PVP, photoselective vaporization of prostate; TUEB, transurethral enucleation with a bipolar system.

Table 2 Comparison of Postoperative Complications Between 
PVP and TUEB

Event PVP 
(n=45)

TUEB 
(n=38)

p value

n % n %

Clavien–Dindo Grade I
Stress urinary incontinence 0 0 14 37 <0.001

Clavien–Dindo Grade II
Re-catheterization 5 11 0 0 0.059
Bleeding 4 9 1 3 0.369

Urinary tract infection 2 4 3 8 0.656

Stress urinary incontinence 1 2 2 5 0.591

Clavien–Dindo Grade III
Urethral stricture 7 16 0 0 0.014
Urethral stone 3 7 0 0 0.246

Abbreviations: PVP, photoselective vaporization of prostate; TUEB, transurethral 
enucleation with a bipolar system.
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incidence has decreased gradually. There may have been 
a technical problem. The present study showed that there 
was no significant difference in postoperative bleeding. Laser 
surgery including PVP can be performed while the patient is 
taking anticoagulant agents, and it was confirmed that laser 
surgery could be safely performed in the present study as 
well. With the increasing number of elderly persons, the 
number of cases requiring antithrombotic therapy to prevent 
the onset or recurrence of thrombotic/embolic diseases is 
increasing, and there are cases in which anticoagulants are 
difficult to stop. PVP may be suitable for such patients. 
However, as expected, postoperative bleeding was found in 
many patients treated with anticoagulant agents.22 Careful 
attention to bleeding complications is necessary in such 
cases.

This study has several limitations. First, it had a small 
sample size. Second, there were differences in the operation 
skills of each surgeon; there were also differences in pre-
operative prostate volume, Qmax, and PVR, and the choice 
of procedure was left to the discretion of each urologist. 
Third, the follow-up period after surgery was relatively 
short in this study. Fourth, this was a retrospective study. 
Because each urologist referred to the EAU guidelines, 
TUEB was often selected in patients with prostate volume 
greater than 80 mL. Further RCTs are required.

Conclusion
The present data suggest that PVP and TUEB are efficient 
and safe surgical treatment options.

TUEB is expected to have slightly better subjective and 
objective outcomes than PVP. On the other hand, PVP is 
a minimally invasive treatment that can be performed 
safely in patients on anticoagulant agents and is expected 
to shorten hospital stay. It is desirable that urologists 
familiarize themselves with the characteristics of each 
surgical procedure and select a surgical procedure that 
suits the individual patient.
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