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Purpose: The purpose of this study was to identify the risk factors for recatheterization 
after holmium laser enucleation of the prostate (HoLEP).
Materials and Methods: A total of 166 consecutive patients treated with HoLEP by a 
single surgeon from January 2010 to June 2011 were enrolled in this study. We collected 
data on preoperative and intraoperative parameters, including intraoperative bladder 
distention volume. The patients were divided into two groups. Group 1 included pa-
tients who voided successfully after removal of the catheter, and group 2 included pa-
tients who required recatheterization. Analysis and comparison of the perioperative 
parameters of both groups was performed for identification of risk factors for 
recatheterization.
Results: Recatheterization was required in 9 of 166 (5.4%) patients. No significant dif-
ferences in age or preoperative parameters, including prostate-specific antigen, pros-
tate volume, International Prostate Symptom Score, peak flow rate, postvoid residual 
urine, maximal bladder capacity, and Abrahams Griffiths number, were observed be-
tween the two groups. Of the intraoperative parameters, intraoperative bladder dis-
tention volume was significantly smaller in group 1 than in group 2 (700.65 mL vs. 
897.78 mL, p＜0.001). In the multivariate logistic regression analysis, after adjustment 
for other variables, intraoperative bladder distention volume was found to be a statisti-
cally significant risk factor for postoperative recatheterization (hazard ratio, 1.006; 
confidence interval, 1.002 to 1.010; p=0.002).
Conclusions: Nine of 166 (5.4%) patients failed to void after HoLEP and required 
catheterization. Intraoperative bladder distention volume was found to be a statisti-
cally significant risk factor for recatheterization in this patient group.
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INTRODUCTION

Holmium laser enucleation of the prostate (HoLEP) is a 
safe and effective surgical procedure that significantly de-
creases perioperative morbidity, catheter time, and hospi-
tal stay. In addition, it provides overall functional results 
similar to those of transurethral resection of the prostate 
(TURP) and open prostatectomy [1-5]. It has recently been 

proposed as the new gold standard for the surgical treat-
ment of benign prostatic hyperplasia (BPH) [3]. 

Recatheterization due to failure of voiding or acute uri-
nary retention is a major complication after surgery for 
treatment of BPH. The incidence of recatheterization after 
TURP has been reported as 0.5% to 21% of patients [6-12], 
and that after HoLEP has been reported as 5% to 9% 
[12-17]. Because of increased patient discomfort, increased 
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duration of hospitalization, and risk of secondary urinary 
tract infection [18] caused by the catheter, recatheteriza-
tion is a complication that surgeons want to avoid. 

The incidence of postoperative recatheterization could 
be the result of many factors. Some studies have reported 
an association of age, chronic urinary retention, retention 
volume, and maximal detrusor pressure with failure to 
void and recatheterization after TURP [10,19,20]. Howev-
er, no study analyzing the risk factors for recatheterization 
after HoLEP has been reported to date. 

One of the differences between TURP and HoLEP is that 
HoLEP requires an additional morcellation procedure. 
During the morcellation procedure, the bladder is fre-
quently over-distended to prevent bladder mucosal injury. 
We took note of the distention of the bladder as a risk factor 
for postoperative voiding failure and recatheterization and 
began measuring the intraoperative bladder distention 
volume in January 2010. 

In this study, we assumed that the larger the distended 
bladder, the more recatheterization would be required, and 
we evaluated the relationship between intraoperative 
bladder distention volume and recatheterization.

MATERIALS AND METHODS

We conducted a retrospective analysis of data collected for 
166 consecutive patients treated with HoLEP between 
January 2010 and June 2011 at the Department of Urology 
of the Seoul National University Hospital. All operations 
were performed under general anesthesia by a single sur-
geon (JSP) at a single center. We have been using HoLEP 
for the surgical management of BPH since July 2008, and 
we began measuring the intraoperative bladder distension 
volume in January 2010 after we had experienced 120 cases 
of HoLEP. 

Patients were divided into two groups to analyze the rela-
tionship of the bladder distension volume and recathete-
rization. Group 1 included patients who voided success-
fully after removal of the catheter, and group 2 included pa-
tients who required recatheterization. Except for cases of 
severe hematuria, catheters were removed routinely with-
in 24 hours of the operation. Patients who failed to void or 
had measured postvoid residual urine (PVR) volume great-
er than 300 mL were recatheterized. We excluded cases of 
recatheterization due to clot retention or delayed hema-
turia. 

All perioperative clinical values were collected and com-
pared between the two groups. Serum prostate-specific an-
tigen (PSA) represented the last value obtained before 
HoLEP. Transrectal ultrasound was used for preoperative 
measurement of prostate volume, including total volume 
and transition zone volume. All patients were evaluated 
preoperatively by uroflowmetry and urodynamic study. 

Intraoperative variables included enucleated prostate 
volume, enucleation time, morcellation time, used energy, 
and bladder distention volume. The intraoperative blad-
der distention volume was determined by measuring the 

volume of drained irrigating fluid after the morcellation 
procedure. Irrigating fluid pressure was approximately 60 
cmH2O.

IBM SPSS ver. 19.0 (IBM Co., Armonk, NY, USA) was 
used in the performance of all statistical analyses. The 
Mann-Whitney test was used for comparison of numerical 
data. Binary logistic regression analysis was used for cal-
culation of the odds ratios of risk factors. All hypotheses 
were evaluated in a two-sided manner, and p-values ＜0.05 
were considered significant. Values are presented as 
mean±standard deviation.

RESULTS

Of the 166 patients with a mean age of 69.2±6.9 years, 9 
patients (5.4%) required recatheterization after HoLEP. 
The preoperative characteristics of the patients are shown 
in Table 1. The patients’ mean prostate volume was 
60.0±22.7 mL and their mean preoperative serum PSA was 
3.7±4.4 ng/mL. The patients’ preoperative International 
Prostate Symptom Score (IPSS) and quality of life score 
were 19.6±7.2 and 4.2±1.1, respectively. The mean pre-
operative peak urinary flow rate (Qmax) and PVR on uro-
flowmetry were 9.1±4.2 mL/s and 69.0±106.5 mL, 
respectively. The results of the urodynamic study showed 
the patients to have a mean preoperative maximal bladder 
capacity of 363.6±128.3 mL. The results of a comparative 
analysis of the recatheterization group (group 2) with the 
group that did not require recatheterization (group 1) 
showed no significant differences in preoperative charac-
teristics, including age, body mass index, prostate volume, 
or the uroflowmetry and urodynamic study parameters 
(Table 1).

The intraoperative values were also compared between 
the two groups (Table 2). Mean enucleation time was 
50.0±13.8 minutes and mean morcellation time was 
9.0±7.4 minutes for all patients. The mean enucleated tis-
sue weight was equivalent to 37.5% of total prostate vol-
ume, which was measured by TRUS. No statistically sig-
nificant differences in operation time, used energy, or 
enucleated weight were observed between the two groups. 
However, the value of morcellation time (which is divided 
by the weight of enucleated tissue) was higher in group 2 
than group 1 (0.45±0.33 in group 1 vs. 0.47±0.35 in group 
2, p=0.005). Also, a significantly larger intraoperative 
bladder distention volume was observed for group 2 than 
for group 1 (770.7 mL in group 1 vs. 897.8 mL in group 2, 
p＜0.001). 

In the multivariate analysis using a logistic regression 
model, after adjustment for other variables, the intra-
operative bladder distention volume was still a statisti-
cally significant independent risk factor for postoperative 
recatheterization (hazard ratio, 1.006; confidence interval, 
1.002 to 1.010; p=0.002). 

Receiver operating characteristic (ROC) curve analysis 
was applied for evaluation of the power of the intra-
operative bladder distention volume for prediction of re-
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TABLE 1. Preoperative factors predisposing to recatheterization after HoLEP

　Variable Total (n=166) Group 1 (n=157) Group 2 (n=9) p-value 

Age (y) 
Body mass index (kg/m2) 
PSA (ng/mL) 
Prostate volume
    Total volume (mL) 
    TZ volume (mL) 
Uroflometry
    Qmax (mL/s) 
    Voided volume (mL) 
    PVR (mL) 
IPSS
    Total 
    Voiding symptom 
    Storage symptom 
    Quality of life 
Urodymamic study
    Maximal capacity (mL) 
    AG number  

69.20±6.90
24.21±2.83
  3.72±4.36

　

  59.99±22.66
  32.64±18.98

　

  9.11±4.21
  167.00±112.32
    68.95±106.46

　

19.57±7.17
11.90±5.00
  7.70±3.20
  4.17±1.10

　

  363.59±128.31
  41.26±26.78

69.46±6.98
24.15±2.81
  3.85±4.53

　

  60.76±23.20
  33.42±19.19

　

  9.24±4.20 
  171.99±111.78 
    68.76±106.56

　

19.6±7.0
12.02±4.83
  7.64±3.17
  4.20±1.06

　

  361.7±126.5
  41.74±27.13

67.13±6.44
24.68±3.18
  2.31±1.87

　

  51.65±15.58
  24.71±14.37

　

  7.90±1.89
187.75±96.21

  111.00±207.59
　

18.7±8.5
10.79±6.38
  8.21±3.55
  3.86±1.40

　

  401.6±139.8
  32.86±20.66

0.157
0.747
0.061
　

0.158
0.103
　

0.089
0.397
0.201
　

0.703
0.691
0.618
0.473
　

0.521
0.289

Values are presented as mean±standard deviation.
HoLEP, holmium laser enucleation of the prostate; PSA, prostate-specific antigen; TZ, transition zone; Qmax, maximum flow rate; 
PVR, postvoid residual urine; IPSS, International Prostate Symptom Score; AG, Abrahams Griffiths.

TABLE 2. Intraoperative factors predisposing to recatheterization after HoLEP

　Variable Total (n=166) Group 1 (n=157) Group 2 (n=9) p-value 

Operation time (min)
Enucleation time (min) 
Morcellation time (min) 
Used energy (kJ) 
Enucleated weight (g)
Enucleated weight per total prostate volume (%)
Enucleated volume per transitional zone volume of 

the prostate (%)
Morcellation time per enucleated weight (min/gm)
Intraoperative bladder distention volume (mL)  

61.27±18.91
50.02±13.84

9.04±7.36
103.27±35.46

23.76±16.96
37.46±21.70
72.61±44.64

0.46±0.29
706.10±186.05 

59.00±13.77
49.54±14.15 

8.85±7.21
100.77±36.30

17.00±14.03
30.27±19.25
62.68±29.46

0.45±0.33 
700.65±176.81 

61.39±19.18
45.66±11.87
6.11±2.57

85.93±17.11
24.26±17.14
38.41±22.09
74.53±46.69

0.47±0.35 
897.78±208.37 

0.220
0.402
0.309
0.173
0.062
0.820
0.372

0.005
＜0.001

Values are presented as mean±standard deviation.
HoLEP, holmium laser enucleation of the prostate.

catheterization postoperatively (Fig. 1). According to the 
results, bladder distention volume was a good indicator of 
postoperative recatheterization (area under the curve, 
0.780; p=0.002) with the optimal cutoff of 790 mL, which 
corresponded to 77.8% sensitivity and 72.9% specificity.

DISCUSSION

The findings of our study showed that the incidence of re-
catheterization due to voiding failure after HoLEP was ap-
proximately 5%, which is comparable with that of TURP 
[21], and that a larger distended volume of the bladder dur-
ing the operation is related to a higher risk for recathe-
terization. To the best of our knowledge, no previous study 
of the relationship of intraoperative distention volume and 

recatheterization has been reported. 
HoLEP has recently emerged as an attractive alter-

native for the treatment of BPH [3]. One of the advantages 
of HoLEP compared with traditional TURP is a shorter 
postoperative catheterization period and a shorter hospi-
tal stay in addition to a relatively bloodless operation and 
a decreased need for bladder irrigation [21-24]. According 
to several randomized studies, the mean duration of cathe-
terization was 1.2 days shorter for HoLEP than for TURP 
[22-24]. Therefore, effort to decrease the incidence of re-
catheterization after HoLEP, which reduces the advant-
age of the surgery, is worthwhile.

In our study, the recatheterization rate was 5.4% (9 of 
166 patients). Reports on the incidence of recatheterization 
after surgery for treatment of BPH have varied. Failure to 
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FIG. 1. Receiver operating characteristic curve analysis using 
intraoperative bladder distention volume to predict recathe-
terization after holmium laser enucleation of the prostate. AUC, 
area under the curve.

void after TURP is reported to occur in 0.5% to 21% of pa-
tients [6-12]. Failure to void after HoLEP is reported to oc-
cur in 1.4% to 12.1% of patients [12-17]. In a randomized 
trial, the rate of recatheterization after HoLEP did not dif-
fer significantly from that after TURP [21]. Our result was 
also comparable with those of previous studies.

The incidence of voiding failure after prostatectomy is 
known to be higher in patients with BPH who have experi-
enced acute urinary retention. The volume of retention is 
thought to be an important factor in predicting prognosis 
[10,19]. Reynard and Shearer [10] reported on the in-
cidence of and risk factors for voiding following an initial 
trial without a catheter after TURP in 379 patients. 
Forty-five patients (12%) failed to void after TURP on the 
initial trial without a catheter. Six of 60 (10%) patients with 
acute urinary retention (painful inability to void, retention 
volume less than 800 mL), 15 of 55 (38%) patients with 
chronic retention (maintenance of spontaneous voiding, 
retention volume greater than 500 mL), and 20 of 65 (44%) 
patients with acute or chronic retention (painful retention, 
retention volume greater than 800 mL) failed to void after 
TURP. No instances of failure to void were observed in pa-
tients who presented without retention. Age and resected 
tissue weight showed no association with recatheteri-
zation. In a prospective study of voiding failure after TURP 
in patients with acute urinary retention, Djavan et al. [19] 
identified several risk factors. They studied 81 patients 
with acute urinary retention. Fourteen patients (17%) who 
failed to void after initial catheter removal and 11 (13%) 
who were unable to void at 3 to 6 months after TURP were 
classified as treatment failures. Significant differences re-
garding age (83.5 mL vs. 1,080 mL, p＜0.001) and pre-
operative retention volume (1,780 mL vs. 1,080 mL, p
＜0.001), but not IPSS, PSA, or prostate volume measured 
by transrectal ultrasound, were observed between patients 
with treatment failure and those with treatment success. 
The results of these two studies indicate that preoperative 

retention volume is a predictive factor for voiding failure 
after TURP. However, in a study of 50 patients with acute 
urinary retention, Radomski et al. [20] found no significant 
difference in retention volume in patients who were able 
to void after TURP compared with those who failed to void 
(mean retention volume of 1,135 mL vs. 1,500 mL, p= 
0.058). 

The relationship of preoperative acute urinary retention 
and postoperative voiding failure help to explain our result: 
that the intraoperative bladder distention volume is an in-
dependent predictor of recatheterization. This is because 
an intraoperative bladder distention volume larger than 
790 mL could mean that transient iatrogenic urinary re-
tention was inflicted upon patients. 

The harmfulness of acute bladder over-distension had 
been demonstrated in several experimental animal 
models. In a rat model, acutely over-distended bladder 
shows structural modifications that alter the arrangement 
and interaction of collagen fibrils and incipient tissue dam-
age as edema in the lamina propria and smooth muscle lay-
ers [25]. Shimizu et al. [26] reported that acute urinary re-
tention results in an increase in intravesical pressure and 
a decrease in blood flow, resulting in intramural ischemia 
and nerve damage. In addition, the results of another study 
proved that more detrimental reperfusion damage occurs 
after transient urinary retention has been resolved [27].

The procedure for HoLEP consists of enucleation and 
morcellation procedures. HoLEP enables dissection of in-
tact median and lateral lobes from the prostatic capsule. 
Once enucleation of prostatic lobes is completed, a mechan-
ical morcellator is applied transurethrally with sub-
sequent aspiration of the tissue from the bladder. During 
enucleation or morcellation procedures, bladder disten-
tion by irrigating fluid occurs and the intraoperative blad-
der distention volume of HoLEP is usually greater than 
that of traditional TURP. Such intraoperative bladder dis-
tention can cause temporary neurogenic detrusor dysfunc-
tion [25-29]. In our study, intraoperative bladder dis-
tention volume was found to be a significant risk factor for 
recatheterization after HoLEP. Intraoperative bladder 
distention volume showed a strong correlation with mor-
cellation time and a weak correlation with Qmax and PVR 
in preoperative uroflowmetry. Morcellation time per 
enucleated prostate weight was also found to be a sig-
nificant risk factor for recatheterization. Morcellation time 
has an important role in voiding failure after HoLEP, and 
we believe that an effort should be made to reduce intra-
operative bladder distention and morcellation time.

Owing to the difficulty of the surgical techniques, the 
learning curve is an important issue when evaluating the 
postoperative complications of HoLEP. In our previous 
study, we analyzed the relationship of early postoperative 
complications and the learning curve. According to the re-
sults of our previous study, the recatheterization rate 
showed improvement with accumulation of cases; how-
ever, there was no statistical significance [30]. Before con-
ducting the present study, we had already experienced 120 
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cases of HoLEP. Therefore, in the present study, the learn-
ing curve was not considered in the analysis.

This study is limited by the small number of patients, es-
pecially in the recatheterization group. For this reason, 
other possible risk factors with statistical significance 
could have been missed. However, despite the small num-
ber of patients, the intraoperative bladder distention vol-
ume was significantly higher in the recatheterization 
group. It was also found to be a significant risk factor in mul-
tivariate analysis, and the ROC curve indicated its useful-
ness as a predictor of recatheterization. According to the 
results of our analyses, we conclude that reducing intra-
operative bladder distention volume has a significant role 
in preventing recatheterization after HoLEP: thus, we 
paid significant attention to the reduction of bladder dis-
tention volume during HoLEP. To exclude bias, patients 
who underwent HoLEP after the analysis were not be in-
cluded in our study. 

CONCLUSIONS

The incidence of recatheterization after HoLEP is similar 
to that after traditional TURP. In our study, 9 of 166 (5.4%) 
patients failed to void after HoLEP and required recathe-
terization. Intraoperative bladder distention volume and 
morcellation time per enucleated prostate weight are stat-
istically significant risk factors for recatheterization after 
HoLEP. Therefore, an effort to reduce intraoperative blad-
der distention is necessary in the performance of HoLEP. 
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