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Purpose: We aimed to identify risk factors for transurethral coagulation (TUC) using bipolar electrocautery for hemostasis 
during holmium laser enucleation of the prostate (HoLEP) surgery for benign prostatic hyperplasia (BPH).
Methods: We analyzed the clinical outcomes of HoLEP surgery performed by a single surgeon between January 2010 and 
April 2020 at the Seoul National University Hospital. Patient characteristics and perioperative parameters were used to identify 
the risk factors for TUC. The TUC group was defined as a case of conversion to hemostasis using electrocautery during the 
hemostasis step after enucleation.
Results: Of 1,563 patients, 357 underwent TUC (TUC group; 22.8%) as an adjuvant (n=299, 19.1%) or salvage (n=58, 3.7%) 
therapy. Patients in the TUC group were older (mean±standard deviation, 70.6±7.3 years vs. 69.3±7.0 years; P=0.002), had 
more 5-alpha reductase inhibitor (5-ARI) use (35.6% vs. 25.9%, P<0.001), higher serum prostate-specific antigen (PSA) 
(5.4 ±4.8 ng/mL vs. 3.8 ±4.5 ng/mL, P <0.001), larger total prostate volume (TPV) (89.5 ±44.7 mL vs. 66.0 ±32.6 mL, 
P<0.001), and larger transitional zone volume (TZV) (57.3±34.9 mL vs. 37.7±24.2 mL, P<0.001) than those who did not 
undergo TUC (non-TUC group). In univariate logistic regression analysis, age, 5-ARI use, PSA, TPV, and TZV correlated 
with TUC, whereas in multivariate logistic regression analysis, only TZV was associated with TUC. The odds ratios (ORs) of 
TUC were analyzed per TZV quartile. Compared to TZV<22.3 mL, the OR was 2.42 in 34.1 mL≤TZV<53.5 mL (95% con-
fidence interval [CI], 1.58–3.72; P<0.001), 5.17 in ≥53.5 mL (95% CI, 3.44–7.77; P<0.001).
Conclusions: The risk of TUC during HoLEP surgery increases in patients with TZV >35 mL. Therefore, TUC may be po-
tentially necessary in patients with a large transition zone volume in patients with BPH.
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INTRODUCTION

Benign prostatic hyperplasia (BPH) is a disease that causes low-
er urinary tract symptoms, especially in older men. Treatment 
modalities for BPH include watchful waiting, medical therapy, 
and surgical treatment. Regarding surgical treatment for BPH, 
holmium laser enucleation of the prostate (HoLEP) surgery has 
proven to be a safe and effective surgical method that could re-
place transurethral resection of the prostate (TURP) [1,2].

HoLEP surgery has less bleeding, shorter Foley catheter stay, 
and shorter hospital stay than TURP. In addition, HoLEP is an 
effective surgery that can be performed, replacing open prosta-
tectomy, even in patients with large prostate [3,4]. HoLEP has a 
lower recurrence rate concerning long-term follow-up and is 
more cost-effective than TURP [5-9]. The outcome of HoLEP 
surgery is generally excellent in improving lower urinary tract 
symptoms [10-12], and patient satisfaction is also high [13].

Intraoperative hemostasis is critical for successful HoLEP 
surgery. Hemostasis must be performed adequately during the 
enucleation step to ensure good visibility of the endoscope dur-
ing morcellation [14-16]. Securing good endoscopic visibility 
allows safe morcellation to be performed. In the case of uncon-
trolled arterial bleeding or obscure bleeding in challenging lo-
cations, hemostasis may be difficult with holmium laser coagu-
lation. In such cases, transurethral coagulation (TUC) using bi-
polar electrocautery is inevitable for controlling the bleeding. 
To the best of our knowledge, there are no studies on the risk 
factors that make intraoperative hemostasis difficult during 
HoLEP surgery. This is the first study to address this issue.
We analyzed the clinical characteristics of patients who under-
went TUC during HoLEP surgery and sought to determine the 
risk factors.

MATERIALS AND METHODS 

Study Design
This study reviewed a patient cohort at Seoul National Univer-
sity Hospital (SNUH). The Institutional Review Board of SNUH 
approved this study (IRB No. H2111-180-1277). We analyzed 
the clinical factors of patients who underwent HoLEP surgery 
performed by a single surgeon (SJO) among patients from Jan-
uary 2010 to April 2020.

The participants in this study were patients aged >45 years 
who were diagnosed with BPH and underwent HoLEP surgery. 
Patients with neurogenic bladder or neuropathy were excluded 

from the study. In patients whose preoperative serum prostate-
specific antigen (PSA) was >than 3 ng/mL or nodules were 
palpated during a digital rectal examination, we performed 
transrectal ultrasound-guided prostate needle biopsy to rule 
out prostate cancer. Patients who were taking anticoagulants 
discontinued the therapy 4–7 days prior to surgery after con-
sulting either cardiologists or neurologists. The same clinical 
protocol for HoLEP including baseline and postoperative fol-
low-up evaluation schedules were applied to all patients after 
2009 in SNUH. A set order was made to optimize the patient 
management pathway. Therefore, the data of the patient cohort 
followed by a prospectively designed protocol were analyzed 
retrospectively in this study.

We analyzed various clinical parameters before, during, and 
after surgery. Preoperative parameters included age, body mass 
index, medication history, underlying disease, International 
Prostate Symptom Score (IPSS), quality of life (QoL) scores, 
PSA, maximum flow rate (Qmax), postvoid residual (PVR) 
volume, total prostate volume (TPV), and transition zone vol-
ume (TZV). Intraoperative parameters included operation 
time, enucleation time, morcellation time, enucleation weight, 
and intraoperative complications (prostate capsule perforation). 
Postoperative parameters included IPSS, QoL scores, Qmax, 
and PVR at 2 weeks, 3 months, and 6 months after surgery.

Patients were divided into 2 groups: patients who underwent 
TUC (TUC group) and those who did not (non-TUC group). 
The clinical characteristics of the 2 groups were compared. The 
case of conversion to hemostasis using electrocautery during 
the hemostasis step after enucleation of the prostate was de-
fined as the TUC group. The TUC group included all patients 
who underwent adjuvant TUC and salvage TUC. Adjuvant 
TUC was defined as cases where hemostasis was primarily pos-
sible with the laser; however, electrocautery TUC was per-
formed additionally to facilitate later morcellation when hemo-
stasis for more than 10 minutes was considered to be necessary 
due to abundant small bleeding vessels in the prostatic fossa 
bed. Salvage TUC was defined as a procedure performed when 
electrocautery TUC was inevitable due to bleeding that was dif-
ficult to control with laser coagulation.

Surgical Procedures 
All surgeries were performed by a single surgeon (SJO) using a 
3-lobe surgical technique [17]. Prostate enucleation was per-
formed using a 26F resectoscope (Karl Storz, Tuttlingen, Ger-
many) with a 550-μm end-firing laser fiber (SlimLine, Lumenis 
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Ltd., Yokneam, Israel). An 80W Ho:YAG laser machine (Versa-
Pulse Power-Suite, Lumenis Ltd.) was used, and the energy 
power was usually set to 2.0 J and 40 Hz.

After enucleation, the energy power was lowered to 0.5 J and 
35 Hz for routine laser hemostasis. Hemostasis was performed 
simultaneously during enucleation to secure good visibility of 
the endoscopic surgical field and proceed with the operation. 
After enucleation was completed, adequate hemostasis was en-
sured including controlling the bleeding in all small blood ves-
sels in the prostatic fossa (hemostasis step). Regarding hemo-
stasis, after defocusing at a distance of approximately 2 mm 
from the tip of the laser fiber, the laser was applied to the bleed-
ing vessel or the proximal source of the blood vessel for more 
than 3 seconds. Most of the tissue surrounding the bleeding 
vessels also turned white with hemostasis.

Before morcellation, electric hemostasis for either adjuvant 
or salvage purpose was performed using either bipolar mode 
(27040EB, Karl Storz) or monopolar mode (27050E, Karl Storz) 
if necessary. Since this study protocol was conducted prospec-
tively, it was decided at the time of surgery whether it was adju-
vant TUC or salvage TUC. Immediately after each operation, 
the type of TUC was recorded in the electronic medical record. 
Morcellation was performed using a VersaCut mechanical mor-

cellator (Lumenis Ltd.) with a 0° rectangular nephroscope (Karl 
Storz). After complete morcellation, a 22F 3-way urethral cath-
eter was inserted for continuous irrigation with normal saline.

Statistical Analysis
Independent Student t-test and chi-square test were used to 
compare the means and proportions of the 2 groups according 
to different categories based on preoperative, intraoperative, 
and postoperative parameters.

The risk analysis of TUC was performed using univariate and 
multivariate logistic regression. The dependent variable was the 
presence of TUC. Statistical significance was set at P<0.05. Sta-
tistical analyses were performed using IBM SPSS Statistics ver. 
25.0 (IBM Co., Armonk, NY, USA).

RESULTS

Among the 1,563 patients, 357 (22.8%) underwent TUC (TUC 
group) and 1,206 (77.2%) did not (non-TUC group). In the 
TUC group, 299 patients (83.8%) underwent adjuvant TUC, 
while 58 patients (16.2%) underwent salvage TUC.

Table 1 shows the patient demographics including basic char-
acteristics, medication use, and comorbidities. The TUC group 

Table 1. Patient's demographics

Variable TUC group (n=357) Non-TUC group (n=1,206) P-value

Basic characteristics
Age (yr) 70.6±7.3 69.3±7.0 0.002
Body mass index (kg/m2) 24.2±2.9 24.4±2.9 0.351
Duration of LUTS (mo) 64.8±60.7 58.8±58.5 0.106
Previous TURP 19 (5.3) 59 (4.9) 0.743

Medical treatments
Anticoagulants 100 (28.0) 344 (28.5) 0.850
α-blocker 273 (76.5) 877 (72.7) 0.158
Anticholinergics 38 (10.6) 176 (14.6) 0.057
5-ARI 127 (35.6) 312 (25.9) <0.001
Desmopressin 16 (4.5) 58 (4.8) 0.798

Comorbidities
Hypertension 170 (47.6) 580 (48.1) 0.875
Diabetes mellitus 65 (18.2) 260 (21.6) 0.170
Cerebrovascular disease 12 (3.4) 35 (2.9) 0.655
Neurologic disease 3 (0.8) 11 (0.9) 1.000
Parkinson disease 7 (2.0) 13 (1.1) 0.188

Values are presented as mean±standard deviation or number of patients (%).
LUTS, lower urinary tract symptoms; TURP, transurethral resection of the prostate; 5-ARI, 5-alpha reductase inhibitor.
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had a higher mean age (70.6±7.3 years vs. 69.3±7.0 years, P= 
0.002), and more 5-alpha reductase inhibitor (5-ARI) use (35.6% 
vs. 25.9%, P<0.001) than the non-TUC group.

The preoperative and intraoperative parameters are shown in 
Table 2. Among the preoperative factors, there were significant 
differences between the two groups in PSA, TPV, and TZV. The 
TUC group had higher PSA (5.4±4.8 ng/mL vs. 3.8±4.5 ng/
mL, P<0.001), larger TPV (89.5±44.7 mL vs. 66.0±32.6 mL, 
P<0.001), and larger TZV (57.3±34.9 mL vs. 37.7±24.2 mL, 
P<0.001) than non-TUC group. Except for intraoperative cap-
sule perforation, all intraoperative parameters, including opera-
tive time, enucleation time, morcellation time, and enucleation 
weight were significantly larger in the TUC group than in the 
non-TUC group (P<0.05).

Postoperative outcomes are shown in Table 3. During the 2- 
week postoperative follow-up, PVR was significantly higher in 
the TUC group (28.0±41.5 mL vs. 19.4±35.0 mL, P=0.001), 
but there was no significant difference between the 2 groups in 
total IPSS, QoL score, and Qmax (P >0.05). Regarding the 
postoperative follow-up results at 3 months and 6 months, none 
of the postoperative factors showed any significant difference 
between the 2 groups (P>0.05).

Table 4 shows the results of univariate and multivariate logis-
tic regression analyses concerning risk factors for TUC. In uni-

variate logistic regression analysis, age, 5-ARI use, PSA, TPV, 
and TZV correlated with TUC. In the multivariable logistic re-
gression analysis, only TZV was associated with TUC. The 
odds ratios (ORs) of TUC were analyzed by quartile of TZV 
(first quartile: 0 to 22.2 mL, second quartile: 22.3 to 34.0 mL, 
third quartile: 34.1 to 53.4 mL, fourth quartile: ≥53.5 mL). 
Compared to TZV<22.3 mL, OR was 2.42 in 34.1 mL≤TZV 
<53.5 mL (95% confidence interval [CI], 1.58–3.72; P<0.001), 
5.17 in ≥53.5 mL (95% CI, 3.44–7.77, P<0.001).

Regarding risk factors for adjuvant TUC, univariable logistic 
regression analysis showed that age, 5-ARI use, PSA, TPV, and 
TZV correlated with adjuvant TUC. In the multivariable logis-
tic regression analysis, only TZV was associated with adjuvant 
TUC. Concerning risk factors for salvage TUC, univariate lo-
gistic regression analysis showed that PSA, and TZV correlated 
with salvage TUC. Multivariable logistic regression analysis 
showed that only TZV correlated with salvage TUC.

The results of comparison of the TZV between the group tak-
ing 5ARI and the group not taking it are shown in Table 5. The 
TZV in the group taking 5-ARI was significantly larger than that 
in the group not taking 5-ARI (52.9±33.2 mL vs. 37.9±24.8 
mL, P<0.001).

Table 2. Comparison of pre- and intraoperative parameters

Variable TUC group (n=357) Non-TUC group (n=1,206) P-value

Preoperative parameters

Total IPSS 19.5±8.0 18.7±7.8 0.116

QoL score 4.2±1.1 4.1±1.2 0.111

PSA (ng/mL) 5.4±4.8 3.8±4.5 <0.001

Qmax (mL/sec) 9.0±4.4 9.6±4.9 0.052

Postvoid residual volume (mL) 68.8±91.3 67.5±90.5 0.848

Total prostate volume (mL) 89.5±44.7 66.0±32.6 <0.001

Transition zone volume (mL) 57.3±34.9 37.7±24.2 <0.001

Intraoperative parameters

Operation time (min) 74.9±36.6 49.1±23.9 <0.001

Enucleation time (min) 41.0±18.3 32.1±15.0 <0.001

Morcellation time (min) 14.5±11.4 8.8±6.9 <0.001

Enucleation weight (g) 37.1±29.1 21.4±26.6 <0.001

Intraoperative capsule perforation 2 (0.6) 5 (0.4) 0.662

Values are presented as mean±standard deviation or number of patients (%).
TUC, transurethral coagulation; IPSS, International Prostate Symptom Score; QoL, quality of life; PSA, prostate-specific antigen; Qmax, maximum 
flow rate.
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DISCUSSION

HoLEP surgery consists of 2 steps: enucleation to remove the 
enlarged prostate and morcellation to remove the enucleated 
prostate [17]. During HoLEP surgery, adequate bleeding con-
trol is an important step in reducing clot formation and thus, 
the resulting urinary retention [18]. Successful morcellation re-
quires good endoscopic visibility during the procedure [14-16]. 

Table 3. Comparison of postoperative parameters

Variables TUC group (n=357) Non-TUC group (n=1,206) P-value

Postoperative parameters at 2 weeks after surgery 

Total IPSS 10.5±6.6 10.9±6.7 0.464

QoL score 2.3±1.5 2.4±1.6 0.612

Qmax (mL/sec) 20.9±9.7 20.5±9.8 0.543

Postvoid residual volume (mL) 28.0±41.5 19.4±35.0 0.001

Postoperative parameters at 3 months after surgery

Total IPSS 7.1±5.4 7.7±5.8 0.112

QoL score 1.5±1.3 1.6±1.4 0.156

Qmax (mL/sec) 23.6±11.5 22.1±10.9 0.048

Postvoid residual volume (mL) 17.5±36.2 15.2±32.0 0.312

Postoperative parameters at 6 months after surgery

Total IPSS 5.5±5.1 5.7±5.1 0.578

QoL score 1.1±1.2 1.2±1.2 0.163

Qmax (mL/sec) 23.1±10.3 22.1±12.1 0.281

Postvoid residual volume (mL) 15.0±41.4 13.0±31.4 0.404

Values are presented as mean±standard deviation.
TUC, transurethral coagulation; IPSS, International Prostate Symptom Score; QoL, quality of life.

Table 4. Univariable and multivariable logistic regression analysis for transurethral coagulation

Variable
Univariable analysis Multivariable analysis

Unadjusted OR (95% Cl) P-value Adjusted OR (95% Cl) P-value

Age 1.03 (1.01–1.04) 0.002 - -

5-ARI 1.58 (1.23–2.04) <0.001 - -

PSA 1.07 (1.04–1.10) <0.001 - -

TPV 1.02 (1.01–1.02) <0.001 - -

TZV

Q1 (0–22.2) 1.00 - 1.00 -

Q2 (22.3–34.0) 1.44 (0.91–2.27) 0.117 1.42 (0.90–2.25) 0.132

Q3 (34.1–53.4) 2.45 (1.60–3.76) <0.001 2.42 (1.58–3.72) <0.001

Q4 (≥53.5) 5.19 (3.45–7.79) <0.001 5.17 (3.44–7.77) <0.001

OR, odds ratio; CI, confidence interval; 5-ARI, 5-alpha reductase inhibitor; PSA, prostate-specific antigen; TPV, total prostate volume; TZV, transi-
tion zone volume; Q1, first quartile; Q2, second quartile; Q3, third quartile; Q4, fourth quartile.

Table 5. Comparison of transition zone volume according to 
taking 5-ARI

Variable TZV (mL) P-value

5-ARI <0.001

Yes (n=439) 52.9±33.2

No (n=1,124) 37.9±24.8

Values are presented as mean±standard deviation.
5-ARI, 5-alpha reductase inhibitor; TZV, transition zone volume.
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If the visual field is obscured during morcellation, there is a risk 
of iatrogenic bladder injury, and the morcellation time is ex-
tended. Therefore, we sought to perform hemostasis meticu-
lously during HoLEP surgery.

Our previous study on endoscopic anatomy during HoLEP 
surgery demonstrated that the risk of bleeding increases with 
larger prostate volume [19]. Marshall and Narayan [20] report-
ed that prostatic bleeding increased due to friable hypervascu-
larity as prostate size increased. Foley and Bailey [21] reported 
that bleeding in prostatic hyperplasia is related to the microvas-
cular density of the prostate. Evidently, the risk of bleeding in-
creases as the prostate volume increases because the larger the 
prostate, the more blood supply is required, and thus, the blood 
vessel density increases. Currently, the cost of TUC in HoLEP 
surgery, including costs for disposable electrode, irrigation flu-
id, depreciation cost of electrocautery equipment, surgeon’s 
time and efforts, are not covered by insuranceset in most coun-
tries. This data will be used as a basic data for initiation of prop-
er cost estimation by the insurance authorities.

Univariate logistic regression showed that TPV and TZV had 
a significant correlation with TUC. However, multivariate logis-
tic regression analysis demonstrated that TPV did not correlate 
with TUC, whereas only TZV correlated with TUC. As the TZV 
increases, the TPV also increases [22]. Therefore, in general, 
TZV is closely correlated with TPV. Considering this point, it is 
difficult to accurately explain why TPV did not correlate with 
TUC in this study.

Univariable and multivariable logistic regression analyses for 
adjuvant TUC showed similar results to those of TUC. This is 
because the majority of patients (83.8%) in the TUC group un-
derwent adjuvant TUC. Additionally, TZV third quartile (≥  
34.1 mL) showed a significant correlation with salvage TUC in 
multivariable logistic regression analysis.

As shown in the results, the average age, TPV, TZV, and PSA 
values were higher in the TUC group than in the non-TUC 
group. In a study analyzing resected prostate cancers over 50 
years, Berry et al. [23] reported that prostate volume increased 
with age. Rhode et al. [24] reported that in a 5-year study exam-
ining the size of the prostate in adult men over 40 years of age, 
the growth rate of the prostate tended to increase with age, and 
the average growth rate was 1.6% per year and that the larger 
the prostate size, the higher the growth rate. Roehrborn et al. 
showed that serum PSA levels were strongly correlated with 
prostate volume in men with BPH without prostate cancer and 
that the correlation was influenced by the patient’s age [25]. 

Summarily, prostate volume is closely correlated with age and 
serum PSA, and our results reflect this fact.

Our previous study on endoscopic anatomy during HoLEP 
surgery demonstrated that bleeding often occurs in the 2–5 and 
7–10 positions of the proximal prostate [19]. Therefore, we paid 
more attention to hemostasis during enucleation in these direc-
tions. Most cases of bleeding could be sufficiently controlled 
using holmium laser coagulation. However, adjuvant TUC after 
holmium laser coagulation was performed when better visibili-
ty was required for performing adequate morcellation. Hemo-
stasis using holmium laser coagulation only may be problemat-
ic when extensive arterial bleeding occurs during HoLEP sur-
gery. In such cases, salvage TUC was performed to achieve fast 
and adequate hemostasis. TUC remains superior to holmium 
laser coagulation in terms of hemostasis and rapidity. Thus, it is 
thought that the hemostasis performance of the holmium laser 
is limited.

The primary mechanism of the holmium:yttrium-aluminum-
garnet (Ho: YAG) laser is the photothermal effect [26]. To effec-
tively perform lithotripsy or soft tissue incision using a Ho:YAG 
laser, the laser fiber must directly be in contact with the stone or 
soft tissue. However, for hemostasis, the fibers are not directly in 
contact with the tissue. In other words, the Ho:YAG laser was 
not developed primarily for hemostasis when considering its 
mechanism. Therefore, the Ho:YAG laser needs to be improved 
to achieve more effective hemostasis, such as the addition of a 
hemostatic mode, or to develop a new laser with different ener-
gy transfer characteristics.

Postoperative IPSS, QoL score, Qmax, and PVR were not sig-
nificantly different between the 2 groups. Therefore, whether 
TUC was performed did not affect the therapeutic effect of Ho-
LEP surgery. The use of 5-ARI was higher in the TUC group 
than that in the non-TUC group. Previous studies have shown 
that patients taking 5-ARI experience reduced prostatic bleed-
ing during BPH-related surgeries [27-29]. Several studies have 
suggested that 5-ARI can reduce the risk of bleeding by affect-
ing the microvessel density [27,28]. However, our study did not 
show similar results to other observations [27-29]. This could 
be due to the fact that the average TZV in the group taking 
5-ARI was significantly larger than that in the group not taking 
5-ARI. TZV is considered a more important factor in deter-
mining bleeding risk in HoLEP surgery than 5-ARI use.

As mentioned in the Materials and Methods section, all pa-
tients included in this study were subjected to the same pro-
spectively designed protocol for baseline and postoperative fol-
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low-up. Although this study is a retrospective study, it has the 
advantage of being able to minimize the possibility of selection 
bias because all patients during a given period were included in 
this study. On the other hand, in prospective patient enrollment 
studies, patients who did not consent to the registry before sur-
gery were excluded from the study data, which could lead to 
unwanted selection bias.

This study has some limitations. The criteria for performing 
TUC are not completely objective. Although there is a criterion 
for performing adjuvant TUC when hemostasis is not sufficient 
even with the laser for more than 10 minutes, our subjective ex-
perience is inevitably included. However, the surgeon did not 
routinely apply TUC to all patients. A single surgeon applied 
the same criteria for both the TUC and non-TUC groups. This 
study is significant because it is a prospectively conducted study 
in a real clinical practice environment.

In conclusion, TZV is the most critical risk factor for per-
forming adjuvant or salvage TUC after the routine HoLEP pro-
cedure. In particular, when the TZV is more than 35 mL, the 
risk of TUC increases. Therefore, TUC may be potentially nec-
essary in patients with a large TZV in patients with BPH.

AUTHOR CONTRIBUTION STATEMENT

·  Conceptualization: MSC, SJJ, SJO
·  Data curation: HSY, MHK, JSP
·  Formal analysis: HSY
·  Funding acquisition: SJO
·  Methodology: HSY, SJO
·  Project administration: SJO
·  Visualization: HSY
·  Writing-original draft: HSY
·  Writing-review & editing: MSC, SJJ, SJO

ORCID

Hyun Sik Yoon  0000-0002-0328-4999
Min Hyuk Kim  0000-0001-9072-3162
Jae Suk Park  0000-0002-1463-3744
Min Soo Choo  0000-0002-7852-5822
Seong Jin Jeong  0000-0002-3580-1452
Seung-June Oh  0000-0002-0322-3539

REFERENCES

1. Gilling PJ, Cass CB, Cresswell MD, Fraundorfer MR. Holmium la-
ser resection of the prostate: preliminary results of a new method 
for the treatment of benign prostatic hyperplasia. Urology 1996; 
47:48-51.

2. Elmansy HM, Kotb A, Elhilali MM. Holmium laser enucleation of 
the prostate: long-term durability of clinical outcomes and compli-
cation rates during 10 years of follow-up. J Urol 2011;186:1972-6.

3. Kuntz RM, Lehrich K, Ahyai SA. Holmium laser enucleation of the 
prostate versus open prostatectomy for prostates greater than 100 
grams: 5-year follow-up results of a randomized clinical trial. Eur 
Urol 2008;53:160-6.

4. Kim M, Piao S, Lee HE, Kim SH, Oh SJ. Efficacy and safety of hol-
mium laser enucleation of the prostate for extremely large prostatic 
adenoma in patients with benign prostatic hyperplasia. Korean J 
Urol 2015;56:218-26.

5. Fraundorfer MR, Gilling PJ, Kennett KM, Dunton NG. Holmium 
laser resection of the prostate is more cost effective than transure-
thral resection of the prostate: results of a randomized prospective 
study. Urology 2001;57:454-8.

6. Kuntz RM, Ahyai S, Lehrich K, Fayad A. Transurethral holmium 
laser enucleation of the prostate versus transurethral electrocautery 
resection of the prostate: a randomized prospective trial in 200 pa-
tients. J Urol 2004;172:1012-6.

7. Ahyai SA, Lehrich K, Kuntz RM. Holmium laser enucleation ver-
sus transurethral resection of the prostate: 3-year follow-up results 
of a randomized clinical trial. Eur Urol 2007;52:1456-63.

8. Gilling PJ, Wilson LC, King CJ, Westenberg AM, Frampton CM, 
Fraundorfer MR. Long-term results of a randomized trial compar-
ing holmium laser enucleation of the prostate and transurethral re-
section of the prostate: results at 7 years. BJU Int 2012;109:408-11.

9. Zhong J, Feng Z, Peng Y, Liang H. A systematic review and meta-
analysis of efficacy and safety following holmium laser enucleation 
of prostate and transurethral resection of prostate for benign pros-
tatic hyperplasia. Urology 2019;131:14-20.

10. Kwon O, Lee HE, Bae J, Oh JK, Oh SJ. Effect of holmium laser enu-
cleation of prostate on overactive bladder symptoms and urody-
namic parameters: a prospective study. Urology 2014;83:581-5.

11. Choi WS, Ku JH, Oh SJ, Kim SW, Paick JS. Change of nocturnal 
polyuria after holmium laser enucleation of the prostate in patients 
with benign prostatic hyperplasia. Urology 2014;84:650-6.

12. Kim SH, Oh SJ. Nonspecific genitourinary pain improves after 
prostatectomy using holmium laser enucleation of prostate in pa-
tients with benign prostatic hyperplasia: a prospective study. PLoS 



160    www.einj.org

Yoon, et al.  •  Risk Factors for Hemostasis During HoLEPINJ

Int Neurourol J  June 30, 2022

One 2014;9:e98979.
13. Lee YJ, Oh SA, Kim SH, Oh SJ. Patient satisfaction after holmium 

laser enucleation of the prostate (HoLEP): a prospective cohort 
study. PLoS One 2017;12:e0182230.

14. Gilling PJ, Kennett K, Das AK, Thompson D, Fraundorfer MR. 
Holmium laser enucleation of the prostate (HoLEP) combined 
with transurethral tissue morcellation: an update on the early clini-
cal experience. J Endourol 1998;12:457-9.

15. Tan AH, Gilling PJ. Holmium laser prostatectomy: current tech-
niques. Urology 2002;60:152-6.

16. Kuo RL, Paterson RF, Kim SC, Siqueira TM Jr, Elhilali MM, Linge-
man JE. Holmium laser enucleation of the prostate (HoLEP): a 
technical update. World J Surg Oncol 2003;1:6.

17. Oh SJ. Current surgical techniques of enucleation in holmium laser 
enucleation of the prostate. Investig Clin Urol 2019;60:333-42.

18. Kim SH, Yoo C, Choo M, Paick JS, Oh SJ. Factors affecting de novo 
urinary retention after Holmium laser enucleation of the prostate. 
PLoS One 2014;9:e84938.

19. Choo MS, Lee HE, Bae J, Cho SY, Oh SJ. Transurethral surgical 
anatomy of the arterial bleeder in the enucleated capsular plane of 
enlarged prostates during holmium laser enucleation of the pros-
tate. Int Neurourol J 2014;18:138-44.

20. Marshall S, Narayan P. Treatment of prostatic bleeding: suppression 
of angiogenesis by androgen deprivation. J Urol 1993;149:1553-4.

21. Foley SJ, Bailey DM. Microvessel density in prostatic hyperplasia. 
BJU Int 2000;85:70-3.

22. Kaplan SA, Te AE, Pressler LB, Olsson CA. Transition zone index 

as a method of assessing benign prostatic hyperplasia: correlation 
with symptoms, urine flow and detrusor pressure. J Urol 1995;154: 
1764-9.

23. Berry SJ, Coffey DS, Walsh PC. The development of human benign 
prostatic hyperplasia with age. J Urol 1984;132:474-9.

24. Rhodes T, Girman CJ, Jacobsen SJ, Roberts RO, Guess HA, Lieber 
MM. Longitudinal prostate growth rates during 5 years in randomly 
selected community men 40 to 79 years old. J Urol 1999;161:1174-9.

25. Roehrborn CG, Boyle P, Gould AL, Waldstreicher J. Serum pros-
tate-specific antigen as a predictor of prostate volume in men with 
benign prostatic hyperplasia. Urology 1999b;53:581-9.

26. Vassar GJ, Chan KF, Teichman JM, Glickman RD, Weintraub ST, 
Pfefer TJ, et al. Holmium: YAG lithotripsy: photothermal mecha-
nism. J Endourol 1999;13:181-90.

27. Hochberg DA, Basillote JB, Armenakas NA, Vasovic L, Shevchuk M, 
Pareek G, et al. Decreased suburethral prostatic microvessel density 
in finasteride treated prostates: a possible mechanism for reduced 
bleeding in benign prostatic hyperplasia. J Urol 2002;167:1731-3.

28. Pareek G, Shevchuk M, Armenakas NA, Vasovic L, Hochberg DA, 
Basillote JB, et al. The effect of finasteride on the expression of vas-
cular endothelial growth factor and microvessel density: a possible 
mechanism for decreased prostatic bleeding in treated patients. J 
Urol 2003;169:20-3.

29. Strom KH, Gu X, Spaliviero M, Wong C. The effects of 5alpha-re-
ductase inhibition on benign prostatic hyperplasia treated by pho-
toselective vaporization prostatectomy with the 120 Watt Green-
Light HPS laser system. J Am Coll Surg 2011;212:244-50.


