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Abstract 

Background: To evaluate preoperative predictors of enucleation time during en bloc ‘no‑touch’ holmium laser enu‑
cleation of the prostate (HoLEP)

Methods: We enrolled 135 patients with symptomatic benign prostatic hyperplasia (BPH) treated with en bloc ‘no‑
touch’ HoLEP from July 2017 to March 2019 by a single surgeon. Preoperative, perioperative, and postoperative clinical 
variables were examined. Stepwise linear regression was performed to determine clinical variables associated with 
enucleation times.

Result: The average (range) enucleation time was 46.1 (12–220) minutes, and the overall operation time was 71 (18–
250) minutes. History of antiplatelet agents, history of urinary tract infection (UTI), and increasing specimen weight 
were each significantly associated with increasing enucleation time. No category IV complications were recorded, and 
all complications were evenly distributed among the groups according to the HoLEP specimen weight.

Conclusion: En bloc ‘no‑touch’ HoLEP was found to be an efficient and reproducible surgical method for treating 
BPH. Prostatic gland size was significantly associated with increased enucleation times. Similarly, history of UTI and 
antiplatelet agents were correlated with increased operative time.

Keywords: Holmium laser enucleation of the prostate, Enucleation time, Benign prostatic hyperplasia, En bloc 
‘no‑touch’ enucleation, Preoperative predictors

© The Author(s) 2020. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creat iveco mmons .org/licen ses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creat iveco 
mmons .org/publi cdoma in/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Since the first clinical report on holmium laser enuclea-
tion of the prostate (HoLEP) by Gilling et al. [1], multi-
ple randomized controlled trials have been conducted. 
In many of those trials, compared with open prostatec-
tomy and transurethral resection of the prostate (TURP), 
HoLEP has been proven to have advantages in size inde-
pendence and minimal invasiveness for treatment of 
obstructive symptoms from benign prostatic hyperplasia 

(BPH), with excellent long-term results [2–6]. A recent 
study revealed that the cost to inpatients was lower for 
HoLEP than for open prostatectomy [7]. Despite hav-
ing been introduced into clinical operative practice two 
decades ago, the HoLEP technique is still not as widely 
applied as it deserves given its proven advantages (low 
morbidity, minimal invasiveness, size independence, 
long-term durability) [8–10]. Because of the potentially 
long operative times and steep learning curve, the first 
frustrating attempts often deter many endo-urologists 
from continuing to use this method [11].

The initial description of the HoLEP technique has 
been repeatedly modified over the past 20  years. More 
recent studies of en bloc procedures could prove the 
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advantages of improving efficiency of enucleation, bet-
ter visualization on the correct plane, and optimal safety 
to preserve the sphincter compared to the three-lobe 
method [18–20]. We started using a holmium laser to 
reproduce the en bloc ‘no-touch’ technique reported by 
Scoffone [18] in enucleation of the prostate at our depart-
ment in 2015. Performance and efficiency of HoLEP relies 
on the most critical step: transitional zone enucleation. 
Enucleation time and efficiency depend on several criti-
cal factors, such as tissue quality and prostatic volume. 
Because of the potentially prolonged operative times and 
arduous learning curve of en bloc HoLEP, the study aim 
was to evaluate a time predictive model and identify pre-
operative predictors of enucleation time during en bloc 
‘no-touch’ HoLEP to improve patient selection.

Methods
Subjects
Between July 2017 and March 2019, 135 consecutive 
patients who received en bloc ‘no-touch’ HoLEP by the 
same experienced surgeon (SCW) were admitted to the 
Department of Urology, Kaohsiung Medical University 
Hospital, Kaohsiung, Taiwan. Inclusion criteria were as 
follows: International Prostate Symptom Score (IPSS) > 8, 
postvoid residual urine volume (PVR) > 50 mL, maximum 
urinary flow rate (Q max) < 15  mL/s, or men with BPH 
that causes acute urinary retention. Exclusion criteria 
were voiding disorders not associated with BPH or clini-
cal medicine history not recorded.

Study variables and primary outcome
The following factors were analyzed: pre-HoLEP pros-
tate-specific antigen (PSA), age, history of urinary 
retention requiring Foley catheter, history of 5-alpha-
reductase inhibitor (5ARi) use, history of antiplatelet 
agents with aspirin which not discontinue prior to sur-
gery, history of recurrent urinary tract infections (UTIs) 
which was defined as urine culture positive more than 3 
times in the 3 most recent months without Foley indwell-
ing, prostate volume measured by transrectal ultrasound 
(TRUS), TURP treatment, and incidental prostatic malig-
nancy in the HoLEP specimen. Patients with the suspi-
cion of prostate carcinoma were ruled out by prostate 
biopsy if the PSA value or digital rectal examination 
results were abnormal. All operations were performed by 
a single surgeon (SCW). Intraoperatively, overall opera-
tive time including applied resectoscope until catheter 
placed, enucleation time, and morcellation time were 
documented. Enucleation and Morcellation efficiencies 
were defined as resected adenoma weight divided by 
enucleation time and morcellation time respectively. The 
final pathological HoLEP specimen weight was recorded 
as measured in operation room before sent for formalin 

fixation. The clinical perioperative variables were ana-
lyzed. The primary outcome was enucleation time.

Description of the procedure
Prostatic adenoma was enucleated by using the en bloc 
‘no-touch’ technique. The equipment used included a 
100-W holmium laser (Lumenis, Santa Clara, Califor-
nia), 550-μm end-firing fiber, 26-Fr continuous-flow 
laser resectoscope (Olympus, Hamburg, Germany), and a 
morcellator (VersaCut, Lumenis) introduced through the 
working channel of the Storz nephroscope. The first step 
was started near the verumontanum by finding the bilat-
eral surgical plane. Then, the surgeon turned laterally and 
ventrally to make the bilateral plane close to the anterior 
commissure. The median lobe and the rest of the bilat-
eral lobe were dissected by using a retrograde approach, 
and then the whole adenoma was lifted. The only remain-
ing connection of the adenoma and prostate capsule was 
the mucosal strip, which was carefully incised by laser 
without forceful traction. After meticulous hemostasis by 
holmium laser was achieved, the prostate adenoma was 
evacuated by morcellation.

Occasionally, unusually tough and difficult-to-dissect 
prostatic tissue (termed “beach balls”) may be encoun-
tered during enucleation, which may prolong the opera-
tive time. A 20-Fr 3-way Foley catheter using normal 
saline for continuous bladder irrigation was inserted at 
the end of the surgery. Generally, the irrigation fluid flow 
was gradually tapered down and terminated the morning 
after the operation. All patients received perioperative 
antibiotic treatment. After confirming cessation of hema-
turia, the Foley catheter was removed.

Statistical analyses
General data were analyzed by using descriptive sta-
tistics. For the present study we divided excised speci-
men weight and prostate volume into groups (W: < 15 g, 
15–50  g, 50–80  g, > 80  g; V: < 50  mm3, 50–80  mm3, 
> 80  mm3) and performed ANOVA between groups 
to determine significant differences at P < 0.05. A sim-
ple linear regression analysis of enucleation efficiency 
measures was performed, and the specimen weight 
and prostate volume were recorded separately. To iden-
tify potential predictors of enucleation time, we used a 
P value of < 0.2 as our criteria for model inclusion, and 
backward and forward stepwise linear regression mod-
els were constructed. All variables in the analysis were 
included in the initial stepwise linear regression models, 
and only variables identified as significant (P < 0.2) were 
included in the final presented multiple linear regression 
models. Prostate weight of < 15  g is used as a reference 
then dummy variable regression was used between pro-
gressive resected specimen weight category in the final 
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presented multiple linear regression models. A P value of 
< 0.05 was accepted as indicative of statistical significance 
for the final multiple linear regression models. Analy-
ses were performed by using SPSS version 19.0 (IBM 
SPSS Statistics for Windows, Version 19.0; IBM Corp., 
Armonk, NY).

Results
Patient characteristics
A total of 135 patients were enrolled in this retrospec-
tive study. The clinical preoperative characteristics of 
our study pool are shown in Table 1. The median age was 
71.7 (47–95) years. Of the 135 patients, 21 (16%) patients 
had a history of 5ARi use. Fourteen (10.3%) patients 
presented with catheter-dependent urinary retention. 
Twelve (9%) patients had a history of recurrent UTI. 
Thirteen (10%) patients were receiving ongoing antiplate-
let treatment (Aspirin).

Perioperative data
Table 2 shows the perioperative data. The median overall 
operative time was 71 (18–250) min. The median enucle-
ation and morcellation times were 46.1 (12–220) and 13.3 
(4–130) min, respectively. The median enucleation and 
morcellation efficiencies were 0.9 (0.8) and 4.4 (2.6) g/
min, respectively. The overall operative efficiency was 0.5 
(0.3) g/min. The advantage of the en bloc ‘no-touch’ tech-
nique was especially obvious in large excised adenoma 
weight that enucleation efficiency increases with large 
specimen weight (see Fig.  1). Correspondingly, a coher-
ent correlation between prostate volume on TRUS and 
operation efficiencies was observed.[Pearson’s correlation 

coefficient (R) for excised prostate weight = 0.718; R for 
transrectal PV = 0.603].

Enucleation time
To further predict the enucleation time, we analyzed the 
factors identified as correlating with enucleation time 
from the stepwise linear regression models, which were 
HoLEP specimen weight, history of antiplatelet agents, 
and history of UTI (Table 3). In the final model, history of 
antiplatelet agents was associated with a 19-min increase 
in enucleation time (P = 0.021). History of UTI was asso-
ciated with an estimated 24-min increase in enucleation 
time (P = 0.023). Each progressive resected specimen 
weight category had obvious increases in enucleation 
time ranging from 17 to 80 min relative to the enuclea-
tion time for a specimen weight of < 15 g (Table 3).

Complications
Table  4 presents detailed information on all treatment 
modalities and complications that developed during the 
first 30 postoperative days. Clavien grades 1 and 2 com-
plications developed in eight patients [Clavien grade 1, 
11 (8.1%) patients; Clavien grade 2, three (2.2%) patients] 
including urinary retention after catheter removal 
(n = 2), clot retention (n = 9), and postoperative hematu-
ria requiring blood transfusion (n = 3). Clavien grade 3b 
complications developed in one (0.7%) patient who pre-
sented with prostate fossa secondary hemorrhage after 
HoLEP and needed bipolar coagulation.

Discussion
BPH is a common disease in aged men that affects 
quality of life. In the Baltimore Longitudinal Study of 
Aging, > 60% of men aged ≥ 60  years have some degree 
of obstructive symptoms caused by BPH [12]. TURP is 

Table 1 Characteristic of patients undergoing HoLEP

5ARi 5-alpha-reductase inhibitor, HoLEP holmium laser enucleation of the 
prostate, PSA prostate-specific antigen, SD standard deviation, TRUS-P 
transrectal ultrasound of the prostate, UTI urinary tract infection

Characteristic Data

Total patients, n 135

Age (year), mean (SD) 71.7 (9.3)

History of 5ARi use, n (%) 21 (16)

Requiring Foley catheter at the time of HoLEP, n (%) 14 (10.3)

History of UTI, n (%) 12 (9)

History of anticoagulation, n (%) 13 (10)

Pre‑HoLEP PSA (ng/mL), mean (range) 6.2 (0.07–1380)

Previous TURP, n (%) 12 (9)

TRUS‑P volume (g), mean (SD) 71.1 (42.8)

 < 50 ml, n (%) 51 (37.7)

 50–80 ml, n (%) 51 (37.7)

 > 80 ml, n (%) 33 (24.4)

Table 2 Enucleation-associated variables

Variable Value

Enucleation time (min), mean (range) 46.1 (12–220)

Morcellation time (min), mean (range) 13.3 (4–130)

Overall operation time (min), mean (range) 71 (18–250)

Enucleation efficiency (g/min), mean (SD) 0.9 (0.8)

Morcellation efficiency (g/min), mean (SD) 4.4 (2.6)

Overall operation efficiency (g/min), mean (SD) 0.5 (0.3)

HoLEP specimen weight (g)

 < 15 g, n (%) 38 (28.2)

 15–50 g, n (%) 63 (47)

 50–80 g, n (%) 16 (11.7)

 > 80 g, n (%) 18 (12.9)

Beach ball identified, n (%) 19 (14)

Presence of prostate cancer, n (%) 9 (6.6)
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regarded as the reference standard in the surgical treat-
ment of BPH [13]. Lately, surgical extirpative techniques 
using lasers, such as holmium and thulium lasers, have 
been gaining attention as a treatment option for symp-
tomatic BPH. Since Gilling et  al. [1] first reported on 
HoLEP in 1996, it has been proven to be one of the most 
strictly analyzed surgical treatments for the obstructive 
symptoms of BPH. More than four randomized con-
trolled trials on this modality have been published [14–
17]. More recent descriptions of various approaches to en 
bloc procedures have been published, mainly to address 
the goals of improving the effectiveness of enucleation, 
better visualization on the surgical plane, and opti-
mal safety relative to those of the traditional three-lobe 
method [18–20]. However, the arduous surgical learn-
ing curve and potential long operative times of en bloc 
HoLEP have been obstacles to its extensive use, despite 

Fig. 1 a Comparison of enucleation efficiency of HoLEP and specimen weight. b Comparison of enucleation efficiency of HoLEP and prostate 
volume. *The 2 parallel lines was 95% CI

Table 3 Predictors of  enucleation time from  multiple 
linear regression model

Other abbreviations as in Table 1. Interpretation of linear regression model: 
for a patient with a history of UTI and antiplatelet agents, who had a HoLEP 
specimen weight of 35 g, the estimated enucleation time is 79.36 min 
(24.23 + 19.51 + 17.28 + 18.34 = 79.36)

CI confidence interval

Characteristic Coefficient (min) 95% CI P value

History of UTI 24.23 2.48–45.97 .023

History of antiplatelet 
agents

19.51 − 3.16 to 42.19 .021

HoLEP specimen weight

 < 15 g Reference

 15–50 g 17.28 1.01–33.56 .024

 50–80 g 36.37 8.33–64.4 .012

 > 80 g 80.97 50.66–111.29  < .001

Constant 18.34 4.25–32.43 .011

Table 4 Detailed analysis of Clavien grade 1–3b complication within the 30-day perioperative period

Complication Treatment HoLEP (n = 135)

Clavien grade 1 (n = 11; 8.1%)

 Urinary retention after catheter removal Bedside recatheterization 2 (1.5)

 Clot retention without surgical revision Tamponade evacuation through catheter 9 (6.7)

Clavien grade 2 (n = 3; 2.2%)

 Postoperative hematuria Transfusion 3 (2.2)

Clavien grade 3b (n = 1; 0.7%)

 Postoperative hemorrhage Coagulation of prostate fossa 1 (0.7)
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its obvious advantages. Thus, identifying patient groups 
and tissue characteristics that may increase operative 
times may help in appropriate patient selection, proper 
scheduling of the operating room time, and matching the 
surgeons’ experience level to the expected difficulty.

Generally, en bloc ‘no-touch’ enucleation involves an 
“outside-in” procedure that starts at the apex and com-
pletely uses a Ho:YAG laser to remove the transitional 
zone of the prostate. Moreover, the Ho:YAG laser in 
the vaporization procedure is manipulated as a cutting 
device. Enucleation time significantly depends on visu-
alization, gland size, and recognition of the dissection 
plane. Enucleated adenoma weight is predicted to largely 
affect enucleation times. Several previous studies have 
reported that the HoLEP operative efficiency increases 
with larger prostate volumes [21, 23]. In our current 
series, as expected, regardless of enucleated tissue weight 
or prostate volume on TRUS, the increase in efficiency 
was shown by a positive slope on the plots of efficiency 
versus prostate volume.

Giorgio et al. [24] evaluated the effect of chronic inflam-
mation of the prostate and found that patients with a his-
tory of chronic prostatic inflammation have an apparent 
higher risk of retention. Chronic urinary catheterization 
and recurrent UTI can hypothetically increase prostate 
inflammation, which may change the natural morpho-
logical architecture, increase gland volume, and obscure 
the natural plane between the prostate capsule and ade-
noma. These inflamed prostate tissues may also cause 
bleeding or oozing during surgery, resulting in poorer 
visualization and more complicated dissection during en 
bloc ‘no-touch’ enucleation. In our study, history of UTI 
history was associated with a 24-min increase in enuclea-
tion time (Table 3). However, a Foley in-dwelling catheter 
at the time of HoLEP was not associated with increased 
time in the surgical steps of enucleation.

Recent studies have assessed the safety of HoLEP in 
patients who were taking antiplatelet agents long term 
and concluded that HoLEP was not a danger to this 
particular population [25]. This conclusion is expected 
because the Ho:YAG laser coagulates the bleeding of 
enucleated tissue with efficiency [8]. We examined 
whether long-term antiplatelet agents would influence 
enucleation time and initially hypothesized that because 
long-term antiplatelet agents could increase bleeding 
and negatively influence visualization of the operative 
field, it may increase enucleation time. As expected, our 
study found that history of long-term chronic antiplatelet 
agents was related to an apparent increase in enucleation 
time (Table 3).

Monn. et  al. [22] published a retrospective cohort 
analysis which included a total of 960 patients between 
1998 and 2013 illustrating predictor of enucleation 

and morcellation time during conventional three-lobe 
HOLEP method. The authors concluded that a history 
of UTI is associated with an increase in operative time 
whereas anticoagulation is related to decrease in opera-
tive time. The difference impact on the role of antiplate-
let agents in surgical time between our present study and 
the previous published report, in our opinion, is based on 
difference techniques. The application of en bloc method 
allows complete adenoma enucleation following surgical 
capsule at any time, and non-optimal visibility by oozing 
in patients of long-term antiplatelet agents might lead to 
increase enucleation time. However, the overall efficiency 
in the present study (0.5  g/min) indicated no obvious 
inferior difference compared with earlier randomized 
clinical trials on the efficiency of retrieval (0.48  g/min) 
[23]. We believed laminar irrigation between the capsule 
and enucleated adenoma in en bloc ‘no-touch’ technique 
help to maintain visualization throughout the procedure 
compared with chaotic irrigation in the classic 3-lobe 
method.

The influence of 5ARi use on prostate tissue qual-
ity is known to alter the glandular-to-stromal ratio and 
reduce the volume of overall glandular tissue [26, 27]. For 
this reason, hypothetically, long-term 5ARi use might 
increase the prostate fibrous content, which could lead to 
more difficult enucleation. However, Sandfeldt et al. [28] 
found that blood loss volume decreased during TURP 
after using finasteride for 3  months preoperatively. This 
might decrease bleeding and positively effect visualiza-
tion during surgery, leading to a faster enucleation rate. 
Nevertheless, in our study, we found that history of 5ARi 
use was not actually related to faster enucleation rate. 
Warner et al. [29] reported the influence of 5ARi use on 
HoLEP and found that it did not affect HoLEP operative 
times or outcomes, which is consistent with our study 
results. In the current study, we found no clear evidence 
of a relationship between overall HoLEP surgical time 
and 5ARi use.

We examined whether presence of “beach ball” and 
previous TURP would impact enucleation operative 
time. It is believed that beach balls are easy to enucle-
ate relatively. However, multiple beach balls located 
diffusely in the peripheral edges of adenoma might 
cause difficult recognition of the dissection plane, and 
prolong the operative time. The factor of previous 
TURP might result in hard to identify the correct plane 
because of natural anatomical structure undermined. 
We assumed that each factor mentioned above might 
have a potential role in the prostatic tissue histologi-
cal architecture and natural plane. Interestingly, nei-
ther previous TURP nor presence of beach ball during 
surgery had a notable effect on enucleation efficiency. 
Identification of factors associated with development of 
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these difficult prostate tissues is worth studying in the 
future. We speculate that because of anticipated con-
cerns regarding the effect of dense tissue or a compli-
cated plane, surgeon’s great surgical experience could 
reduce the effect of difficult recognition of the plane 
between the capsule and enucleated adenoma on over-
all operative time.

In the current study, all complications after en bloc ‘no-
touch’ HoLEP were evenly distributed among the groups 
according to the HoLEP specimen weight. A prospective 
larger randomized trial of 61 men with prostate sizes of 
40–200 g was reported by Tan et al. [14] in which 30 and 
31 patients underwent TURP had HoLEP, respectively. 
This randomized trial reported that mean Foley in-dwell-
ing time and hospital stay were shorter in HoLEP than in 
TURP. Outcomes and complication rates were similar in 
both procedures. The above study supports the statement 
of Kuntz et al. [30] that HoLEP voiding improvement and 
perioperative morbidity are not based on prostate gland 
size. There were rather high range of enucleation time(up 
to 220 min) and morcellation time (up to 130 min) been 
noted in the present study. Although relative longer 
operation time, we didn’t divided procedure into stages 
or delayed morcellation, since we believe that this will 
ultimately accelerate patient recovery. No elevated ure-
thral stricture rate in long operation time group of en 
bloc ‘no-touch’ HoLEP. At the time of the study, our en 
bloc ‘no-touch’ HoLEP method had been applied for only 
1.5  years. Consequently, no long-term follow up data 
were practicable for interpretation.

This study had some limitations. First, because of its 
retrospective design, it was intrinsically limited despite 
inclusion of consecutive patients to avert potential selec-
tion bias. Subsequently, we did not consider whether 
energy usage changed according to the different patient 
characteristics, but enucleation efficiency may vary 
depending on the amount of laser energy used. Kim 
et al. [31] reported a new parameter combining enuclea-
tion time and energy consumption to estimate enuclea-
tion skills of the operators. It demonstrate that energy 
consumption decreases as the enucleation technique of 
a surgeon develops. This trend suggests that as the sur-
geon’s surgical enucleation skill progresses, less energy is 
used and efficiency is increased. Lastly, surgeries in the 
study patient group were performed by a single surgeon. 
Therefore, we recommend that this enucleation time pre-
diction model of en bloc ‘no-touch’ HoLEP should be 
examined by multiple surgeons hereafter to determine 
if it is generally reproducible and acceptable. Despite 
these limitations, this study examined how preoperative 
characteristics may affect enucleation times in patients 
undergoing en bloc ‘no-touch’ HoLEP for BPH and pro-
vided a possible enucleation time prediction model. 

Additionally, the study also found that prostate gland size 
was not associated with increases in complications after 
HoLEP.

Conclusion
This study showed that the operation time of this tech-
nique depends on patient characteristic and prostate size. 
Aside from adenoma size, a history of UTI and antiplate-
let agents were associated with an increase in operative 
time. This useful enucleation time prediction model and 
significant information could allow surgeons to sched-
ule suitable surgical times for use of an operating room, 
choose patients based on their characteristics who are 
most suitable for the procedure, and match a surgeon’s 
level of experience with the expected degree of surgical 
difficulty and operative time.
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