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INTRODUCTION

Holmium laser enucleation of the prostate (HoLEP) has 

emerged as an effective transurethral treatment option in pa-
tients with benign prostatic hyperplasia (BPH), and HoLEP en-
ables complete prostate adenoma resection even in patients 
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Purpose: The aim of this study was to determine the significance of the membranous urethral length (MUL), including the 
thickness of the urethral sphincter, for recovery from postoperative stress urinary incontinence (SUI) following holmium laser 
enucleation of the prostate (HoLEP).
Methods: We analyzed 78 patients who underwent HoLEP between June 2013 and September 2018, all of whom preopera-
tively received magnetic resonance imaging. MUL was measured using sagittal T2-weighted fast spin-echo images. The clini-
cal and anatomical factors associated with MUL were evaluated. The recovery time of urinary incontinence was compared be-
tween patients with a long MUL (≥14 mm) and a short MUL (<14 mm). SUI included both stress and mixed urinary incon-
tinence. Continence was defined as complete dryness. 
Results: The median MUL in patients without incontinence at 1 month postoperatively was significantly longer than the MUL 
in patients with incontinence (15.3 mm vs. 12.7 mm, P<0.001). The continence rates at 1 month after HoLEP in patients with 
longer MULs and shorter MULs were 80.4% and 30.0%, respectively. The recovery time of urinary incontinence in patients 
with longer MULs (≥14 mm) was significantly shorter than that in patients with shorter MULs (<14 mm) (log-rank test, 
P=0.001). After 6 months, the continence rates in patients with longer MULs and shorter MULs were similar (97%). MUL 
was significantly correlated with the recovery period of urinary incontinence (r=-0.459, P<0.001).
Conclusions: MUL was useful for predicting early recovery from urinary incontinence following HoLEP. This study provides 
evidence that postoperative urinary incontinence following a transurethral procedure for benign prostatic hyperplasia was as-
sociated with anatomical factors. A long MUL was associated with better tolerance to urinary sphincter damage by the trans-
urethral procedure.

Keywords: Benign prostatic hyperplasia; Holmium lasers; Urinary incontinence; Urethral sphincters; Magnetic resonance  
imaging
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with a large prostate volume. HoLEP reduces the Foley catheter 
placement time and enables a bloodless procedure [1]. Howev-
er, a high frequency of postoperative stress urinary inconti-
nence (SUI) following HoLEP is a serious issue. Urinary incon-
tinence after HoLEP consists of stress and mixed urinary in-
continence [2]. The incidence of SUI following transurethral 
resection of the prostate (TURP) and open prostatectomy has 
been reported as 8% [3] and 3%–9% [4,5], respectively. In con-
trast, the incidence of SUI following HoLEP has been reported 
to range from 10.7% to 38.4% [6-8]. A large prostate volume, 
long operation time, and performance of the procedure by sur-
geons with little experience with HoLEP have been reported as 
risk factors for postoperative incontinence [2,9]. Some of these 
risk factors are assumed to be caused by urinary sphincter inju-
ry. However, very few studies have investigated anatomical fac-
tors associated with urinary incontinence after surgery for 
BPH. Although almost all cases of urinary incontinence follow-
ing HoLEP improve within a year [2,10], urinary incontinence 
often affects patients’ quality of life. Therefore, estimating the 
recovery time of urinary incontinence is useful for surgeons 
who counsel patients about possible delays in continence fol-
lowing HoLEP.

It has been recognized that the membranous urethra plays an 
important role in urinary continence. The membranous ure-
thral length (MUL) has been reported to be a predictive factor 
for continence recovery after radical prostatectomy. Patients 
with shorter MULs were found to be more likely to have incon-
tinence following radical prostatectomy [11,12]. These reports 
show that the MUL is involved in the recovery of urethral 
sphincter damage causing urinary incontinence, and preopera-
tive magnetic resonance imaging (MRI) is useful for visualizing 
the membranous urethra to measure MUL before radical pros-
tatectomy. However, little information is available about the re-
lationship between MUL and urinary incontinence following 
BPH surgery, including TURP and HoLEP.

The purpose of this study was to investigate the relationship 
between MUL measured by MRI and SUI following HoLEP. 
Damage to the urethral sphincter caused by transurethral pro-
cedures for BPH seems to be involved in postoperative inconti-
nence. This study confirmed the significance of MUL in pa-
tients undergoing transurethral BPH surgery as a risk factor for 
postoperative urinary continence from an anatomical perspec-
tive.

MATERIALS AND METHODS

Subjects
We retrospectively reviewed the medical records of patients 
who underwent HoLEP. Patients who preoperatively received 
MRI were enrolled in the present study. MRI was performed 
for patients clinically suspected to have prostate cancer. When 
prostate cancer was suspected based on MRI, we performed 
prostate biopsy in all cases. Patients diagnosed with prostate 
cancer based on prostate biopsy findings were excluded from 
this study. Patients diagnosed with prostate cancer after HoLEP 
additionally received radical prostatectomy, radiation therapy, 
or active surveillance. Patients who underwent radical prosta-
tectomy or radiation therapy after HoLEP, as well as patients 
with neurologic diseases that affected incontinence, were also 
excluded. Patients who had urinary incontinence before sur-
gery were excluded, including those wearing pads for security 
without evidence of incontinence. A total of 78 patients who 
underwent HoLEP from June 2013 to September 2018 were 
identified. The patients’ clinical information, including age, 
body mass index, history of diabetes, prostate volume, serum 
prostate-specific antigen (PSA) levels, history of acute urinary 
retention, operation time, enucleated prostate volume, and 
MUL measured by MRI, were collected. This study was ap-
proved by our Institutional Review Board of Saiseikai Shimono-
seki General Hospital (No. 1125).

Surgical Procedures and Postoperative Evaluation
HoLEP operations were performed randomly by 4 surgeons at 
our institution. General or spinal anesthesia was administered 
in each case. All procedures were carried out using a 26F resec-
toscope (System-pro Laser Resectoscope, Olympus, Tokyo, Ja-
pan), a 100-W holmium: YAG laser (VersaPulse PowerSuite, 
Lumenis, Yokneam, Israel), and a 550-μm fiber (SlimLine 550, 
Lumenis, Yokneam, Israel). Our HoLEP technique was based 
on the anteroposterior dissection reported by Endo et al. [13]. 
Morcellation was performed using a tissue morcellator (Versa-
Cut, Lumenis, Yokneam, Israel). After the procedure, a 22F Fol-
ey catheter was placed. The Foley catheter was removed on 
postoperative day 2. Continence was defined as complete dry-
ness and no pad usage in the present study. Postoperative uri-
nary incontinence included SUI, mixed urinary incontinence, 
and postvoid dribbling. Urinary incontinence was evaluated in 
a medical interview. All patients were asked about the presence 
of urinary incontinence at every medical examination after Ho-
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LEP. Follow-up was performed at 1, 3, 6, and 12 months post-
operatively.

MUL Measurement 
MRI was performed using a 1.5-T system (Ingenia CX, Philips 
Healthcare, Best, The Netherlands). A phased-array surface 
body coil was used. Midline sagittal T2-weighted turbo spin-
echo images were used to measure MUL, following previous 
reports [14,15]. MUL was measured as the distance from the 

prostatic apex to the entry of the urethra into the penile bulb 
(Fig. 1). Two urologists (SO and KK) independently evaluated 
several images and calculated the mean diameters.

Statistical Analysis
Statistical analyses were performed with SPSS ver. 12 (SPSS Inc., 
Chicago, IL, USA). Data are expressed as the means±standard 
deviation. The 2 groups were compared with the Mann-Whit-
ney rank sum test. Logistic regression analysis was used to 
identify factors influencing the recovery of urinary inconti-
nence. Kaplan-Meier analysis with log-rank testing was used to 
compare the recovery time of urinary incontinence. The Spear-
man rank-correlation test was used to examine the correlation 
between MUL and recovery time of urinary incontinence. A P-
value<0.05 was considered to indicate statistical significance. 

RESULTS

The continence rates at 1, 3, 6, and 12 months following HoLEP 
were 56%, 83%, 97%, and 100%, respectively. Patients were di-
vided into 2 groups according to whether they had SUI at 1 
month following HoLEP, and the clinical characteristics be-
tween the 2 groups were compared. Age and MUL were signifi-
cantly different between the 2 groups (Table 1). The median pa-
tient ages were 68.5 and 74.4 years among patients without and 
with urinary incontinence, respectively, and patients without 
incontinence were significantly younger than patients with in-

Table 1. Comparison between patients with or without urinary incontinence at 1 month

Variable Patients without UI (n=44) Patients with UI (n=34) P-valuea)

Age (yr) 68.5±5.6 74.4±8.2 0.007

Body mass index (kg/m2) 23.9±3.3 23.5±3.2 0.986

Diabetes 6 (13.6) 2 (5.8) 0.246

Prostate volume (mL) 67.0±23.8 68±22.6 0.633

PSA level (ng/mL) 5.8±5.1 6.6±9.4 0.260

MUL (mm) 15.3±3.3 12.7±2.8 <0.001

History of acute urinary retention 8 (18.2) 11 (32.3) 0.163

Operative time (min) 119±41.2 142±39.3 0.16

Enucleated prostate volume (g) 34.5±20.3 43.5±18.0 0.205

Prostate cancer 3 (6.8) 3 (8.8) 0.897

Anticholinergics 7 (15.9) 4 (11.7) 0.601

Values are presented as mean±standard deviations or number (%)    
UI, urinary incontinence; PSA, prostate-specific antigen; MUL, membranous urethral length.   
a)Mann-Whitney rank sum test.

Fig. 1. T2-weighted sagittal magnetic resonance image for the 
measurement of membranous urethral length (MUL). The 
white arrow shows the MUL measured as the distance from the 
prostatic apex to the entry of the urethra into the penile bulb.
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continence (P=0.007). The median MUL was 15.3 mm and 12.7 
mm among patients without and with urinary incontinence, 
respectively. The MUL in patients without incontinence was 
significantly longer than that in patients with incontinence 
(P<0.001). At 3 months, the MUL in patients without inconti-
nence was also significantly longer than that in patients with in-
continence (P =0.001). In the multivariate analysis, age and 
MUL were significantly associated with early recovery of uri-
nary continence (Table 2). Eleven patients took anticholinergic 
drugs because of continuing urgency after HoLEP. Other clini-
cal characteristics or perioperative data were not significantly 
different between the 2 groups. Among the patients without 
SUI, 15.9% (7 of 44) took anticholinergic drugs, and 11.7% (4 
of 34) of the patients with SUI took anticholinergic drugs.  There 
was no significant difference in the incidence of urgency between 
the 2 groups. 

Among the 78 patients, the median MUL was 14.0 mm 
(range, 6.5 to 22.8 mm). We divided the patients into 2 groups 
according to whether they had longer MULs ( ≥14 mm) or 
shorter MULs (<14 mm). At 1 month following HoLEP, the 
continence rates in patients with longer MULs and shorter 
MULs were 80.4% and 30.0%, respectively. This difference in 
the continence rate between the 2 groups gradually disap-
peared. At 3 months, the continence rates in patients with lon-
ger MULs and shorter MULs were 92.6% and 72.9%, respec-
tively. At 6 months, the continence rate in the 2 groups was 
comparable at 97%. Patients with longer MULs experienced 
significantly faster recovery of SUI compared with patients with 
shorter MULs (Fig. 2, log-rank test P=0.01). These results indi-
cate that MUL played a role in the early improvement of uri-
nary continence following HoLEP.

We also investigated the correlation between MUL and the 
time required to achieve continence (Fig. 3). MUL was signifi-
cantly correlated with the recovery time of postoperative incon-
tinence (r=-0.459, P<0.001). These results support the associa-
tion of MUL with continence recovery.

DISCUSSION

Although the significance of MUL as a prognostic risk factor 
for overall continence recovery following radical prostatectomy 
has already been recognized, the significance of MUL in BPH 
surgery remains unclear. To our knowledge, this is the first re-

Table 2. Multivariate logistic regression analysis of factors af-
fecting recovery of urinary incontinence at 1 month after the 
operation

Variable Odds ratio 95% CI P-value

Age 1.090 1.010–1.180 0.021

MUL 0.767 0.646–0.909 0.002

CI, confidence interval; MUL, membranous urethral length.

Fig. 3. Correlation of the timing of continence following holmi-
um laser enucleation of the prostate (HoLEP) and membranous 
urethral length (MUL). MUL had a significant correlation with 
the time required to achieve urinary continence following Ho-
LEP.
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port to evaluate the value of MUL as an anatomical factor in 
transurethral operations for BPH. The present study indicates 
that MUL is an important anatomical factor affecting SUI asso-
ciated with BPH surgery. 

In the present study, 44% of patients had urinary inconti-
nence at 1 month, and 17% of patients had urinary inconti-
nence at 3 months. Compared with previously reported find-
ings, the incontinence rate in the present study was higher than 
that observed with TURP or open prostatectomy. Patients using 
a pad for security due to rare incontinence or postvoid drib-
bling were included in this study, which may explain why the 
incontinence rate in our study was comparatively higher than 
that in other reports. In addition, the patients enrolled in this 
study had high PSA levels, so their age tended to be higher than 
the overall population of patients who undergo HoLEP. It was 
reported that 70%–90% of cases SUI following HoLEP im-
proved spontaneously within 3 months, and almost all urinary 
incontinence resolved within 1 year [2,10]. In the present study, 
98% of patients obtained complete dryness within 6 months. 
These results indicate that HoLEP is associated with a relatively 
high frequency of urinary incontinence compared with TURP; 
however, SUI following HoLEP is typically a transient phenom-
enon. 

MUL was significantly associated with recovery of urinary 
incontinence following HoLEP (Table 2). In particular, there 
was a large difference in the incontinence rate in the first month 
(Fig. 3). Patients with longer MULs had a high continence rate 
(80.4%) at 1 month; in contrast, patients with shorter MULs 
had a low continence rate at this time (30.0%), indicating that 
MUL was associated with an early recovery of urinary inconti-
nence after HoLEP. These results are congruent with the recov-
ery of urinary incontinence following radical prostatectomy. A 
long MUL contributed to the recovery of urinary incontinence 
within 12 months after radical prostatectomy [12]. Urinary 
continence is mainly maintained by the continence zone in the 
posterior urethra. The urethral sphincter consists of 2 different 
muscles. The lissosphincter of smooth muscle in the inner layer 
and the rhabdosphincter of skeletal muscle in the outer layer 
wrapping the inner smooth muscle maintain urinary conti-
nence in cooperation [16,17]. A long MUL corresponds to a 
greater quantity of smooth muscle in the internal lissosphincter 
and skeletal muscle in the external rhabdosphincter. These ana-
tomical factors seem to affect resistance to sphincter damage 
during HoLEP and are associated with a high resilience to this 
damage.

In the present study, the patients with an early recovery from 
urinary incontinence were younger than the patients with in-
continence. In several studies, aging was also identified as an 
important risk factor for urinary incontinence following BPH 
surgery [2,18,19]. It is suspected that younger patients have 
thicker and stronger urethral sphincters than older patients. We 
investigated the correlation between patient age and MUL; 
however, no significant association was found between these 
factors in the present study. Detectable differences in MUL us-
ing MRI between younger patients and older patients were not 
identified in the present study; however, the urethral sphincter 
in older patients may be more vulnerable to damage than those 
in younger patients.

HoLEP is considered to be more difficult than other trans-
urethral procedures for BPH, with a steeper learning curve [20]. 
The HoLEP surgical technique during the learning period is an 
important risk factor for postoperative urinary incontinence 
[9,21]. Unintended resection of the urinary sphincter or exces-
sive stretching of the internal lissosphincter of the smooth mus-
cle around the apical gland may cause urinary incontinence af-
ter HoLEP. We performed anteroposterior dissection HoLEP, as 
reported by Endo et al. [13], to prevent damage to the internal 
lissosphincter of the smooth muscle. In this procedure, the lat-
eral adenoma is dissected from the 12-o’clock to the 6-o’clock 
position, imitating the peeling procedure of open prostatecto-
my. This procedure separates the sphincter from the urethra, 
preserving the internal muscle of the sphincter without exces-
sive stretching of the sphincter. Despite improvements in the 
surgical technique of HoLEP, the incidence of urinary inconti-
nence following HoLEP is still a critical problem, especially for 
novice surgeons. We believe that the preoperative measurement 
of MUL is especially useful for novice surgeons to prepare for 
the operation. If a patient is found to have a short MUL when 
evaluated before surgery, particular attention is needed to pre-
serve the urethral sphincter around the apex of the prostate.

A long operation time was reported as a risk factor for uri-
nary incontinence following HoLEP [2]. Because HoLEP re-
quires a wider range of scope motion than TURP, the urethral 
sphincters are exposed to more force and sustain more damage 
by resectoscope sheath manipulation during the HoLEP proce-
dure. The increasing damage with longer operation times may 
be associated with urinary incontinence. The operation time 
tends to be relatively long in patients with a large prostate vol-
ume, a history of urinary tract infection, or urinary retention 
[22]. Surgeons need to perform the HoLEP procedure particu-
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larly carefully to avoid applying excessive pressure or traction 
on the urinary sphincter, especially in patients with shorter 
MULs. 

The present study has several limitations. First, the HoLEP 
procedures were performed by 4 surgeons, so differences in 
technique and experiences may have produced variability in the 
outcomes. However, we analyzed the difference in the conti-
nence rate among the surgeons, and there was no significant 
difference. We therefore think that differences in surgical tech-
nique among the surgeons did not influence the main results of 
this study. Second, the small sample size is also a limitation. 
MRI is not necessarily performed before BPH surgery unless 
prostate cancer is suspected before HoLEP. Therefore, patients 
with MRI information constitute a subset of the total group of 
patients who received HoLEP. In the present study, a significant 
correlation was identified between MUL and the recovery time 
of urinary incontinence (Fig. 3), suggesting that individual 
variation was limited. Therefore, we believe that the sample size 
was sufficient in this study. Third, this study had selection bias 
for patients. The patients in this study had higher PSA levels 
than general patients, suggesting that they had prostatic inflam-
mation or prostate cancer. In fact, we identified patients with 
prostatic inflammation in this study. We did not investigate 
urodynamics in the present study. In the future, further studies 
including urodynamic investigations are needed to clarify the 
involvement of urinary sphincter function in continence out-
comes.

MUL is a significant factor predicting early recovery from 
SUI following HoLEP. Anatomical factors are also important 
for postoperative urinary incontinence. This study indicates 
that a longer MUL has a positive effect on early recovery from 
urinary incontinence caused by sphincter damage during pro-
cedures such as radical prostatectomy. Preoperative informa-
tion on MUL is helpful during transurethral procedures for 
BPH to decrease postoperative urinary incontinence. This find-
ing is important because postoperative urinary incontinence 
remains a major concern for surgeons and patients.
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