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Abstract
Backgrounds: The aim of the present study was to investigate the preoperative parameters associated
with bladder neck contracture (BNC) after transurethral resection of the prostate (TURP) or Thulium
vaporesection, vapoenucleation or enucleation of the prostate (ThuP) and to compare the incidence of
BNC after TURP and ThuP.

Methods: Between March 2008 and March 2020, 2,363 patients received TURP and 1,656 patients
received ThuP at Mackay Memorial Hospital. A total of 62 patients developed BNC. These BNC patients
were age-and operation-matched to 124 randomly sampled TURP/ThuP controls without BNC.

Results: Multivariate analysis showed that when compared with patients without BNC, those with BNC
had smaller prostates (43.0±18.95 ml vs 57.2±19.84 ml, p<0.001), lower resection weight (11.64±11.75 g
vs 16.67±12.84 g, p=0.001), shorter operative times (43.0±30.9 min vs 57.2±34.5, p<0.001), and slower
resection speed (0.124±0.081 g/min vs 0.151±0.952 g/min, p=0.041). A greater proportion of BNC
patients had history of cerebrovascular accidents (11/62 vs 7/124, p=0.009), coronary artery
disease(14/48 vs 16/108, p=0.03), chronic kidney disease (14/62 vs 11/124, p=0.01), and two or more
comorbidities (29/62 vs 27/124, p=0.001). A ROC curve predicted that a prostate volume <42.9cm3 was
associated with a notably higher rate of BNC.

Conclusion: This study demonstrated that incidence of BNC was the same in TURP and ThuP and low
prostate volume, low resection speed and ≥2 comorbidities were positively correlated with the
development of BNC after TURP or ThuP.

Introduction
Benign prostate hyperplasia (BPH) is a common problem among older males. As life expectancy
increases, BPH has become a common problem.1 BPH with lower urinary tract symptoms has a notable
impact on daily life and can lead to severe genitourinary problems. When surgically indicated, bipolar
transurethral resection of prostate (TURP) and thulium vaporesection/vapoenucleation/enucleation of
the prostate (ThuP), which are the major endoscopic surgery options, are typically performed, and they
have been shown to have favorable outcomes.

Improvement in surgical instruments and technology have resulted in decreased intra-operative and post-
operative complications. Bleeding is the most commonly observed intra-operative complication, while
dysuria is a bothersome post-operative complication.2,3 Post-operative dysuria can often be caused by
urethra stricture or bladder neck contracture (BNC). The incidence of BNC in the medical literature has
been reported to range from 2.2 to 9.8%. 4

The underlying mechanism of BNC is not currently well understood. 5 Many risk factors have been
associated with BNC, such as untreated preoperative urinary tract infection, small prostate volume,
unsuitable resectoscope diameter, long operative time, history of prostatitis and postoperative Foley
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insertion.5-7The aim of the current study was to investigate the preoperative parameters associated with
the occurrence of BNC after TURP or ThuP, and the difference in BNC incidence rates between TURP and
ThuP.

Methods
We retrospectively reviewed the medical records of patients who underwent either TURP or ThuP at
Mackay Memorial Hospital between March 2008 and March 2020. A total of 2,363 patients underwent
TURP and 1,656 patients ThuP. Patients with primary bladder neck stenosis, active infection before
surgery, history of previous endoscopic surgery of the urinary tract, or incomplete data were excluded
from this study. A total of 66 patients found to have BNC after the procedure and a total of 3953 patients
didn't have BNC after the procedure. Four were excluded due to lack of PSA data, and therefore a total of
64 patients were included in the study. None of these patients had peri-operative and post-operative
infection, such as urinary tract infection, epididymitis, or orchitis. BNC occurred after TURP in 35 patients
and after ThuP in 27 patients. They all subsequently received bladder neck incision at a later date. BNC
was suspected if patients complained of progressive dysuria or gradually decreasing maximal urinary
�ow (less than 10mL/s in the urodynamic study). De�nite diagnosis was made by cystoscopy. Upon
con�rmation of the diagnosis of BNC, bladder neck incision was performed using bipolar instruments
(energy set at 160J for cutting and 80J for coagulation). After the procedure, there was no recurrence of
BNC. Due to low incidence rate (1.6%, 66/4019) of BNC, we designed a 1:2 case control cohort. These 62
BNC patients (BNC group, 35 TURP and 27 ThuP) were age-and operation-matched to 124 randomly
sampled controls without BNC (NBNC group, 70 TURP and 54 ThuP). There was no statistically
signi�cance in age and operation between BNC and NBNC group. (Table 1)

The standard procedures for TURP and ThuP was: 1) urethral sounding from 16 French (Fr) to 32 Fr. 2)
Insertion of a 24 Fr resectoscope in a 26 Fr sheath. 3) Resection of the prostate piece by piece using
bipolar instruments (energy set at 160J for cutting and 80J for coagulation) or vaporesection or
enucleation of the prostatic adenoma with a 120W-Thulium laser (Vela XL or RevoLix 120, energy set at
20-40Watt for enucleation and 60-80Watt for resection). 4) Resected tissue was then morcellatedor
evacuated. 5) Final hemostasis was achieved with bipolar instruments (160J for cutting and 80J for
coagulation). During TURP and ThuP, normal saline was used as the �ushing �uid during surgery. A 22 Fr
urethral triple-lumen Foley catheter was placed for traction for 8 hour post-operation and for continuous
irrigation with sterile saline for 24 hours post-operation. The Foley was removed in 48-72 hours post-
operatively. Antibiotic prophylaxis with �rst generation cephalosporin was administered pre-operatively
and 12 hours post-operatively. Patients were then prescribed oral �rst-generation cephalosporin for a
week.

We reviewed patient medical records to obtain the preoperative prostate speci�c antigen (PSA) level,
complete hemochemical data (including white blood cell count, red blood cell count, platelet count, renal
and liver function, and electrolytes), prostate volume (measured by transrectal ultrasound), pathology,
operative times, uro�owmetry, comorbidities (hypertension, diabetes mellitus, coronary artery disease,
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cerebrovascular accident and chronic kideney disease) and the whether or not a Foley was inserted
before surgery. The percentage of prostate resection was de�ned as the prostate specimen
weight/prostate volume. Resection speed was de�ned as prostate specimen/operation time (g/minutes).
Chronic kidney disease was de�ned as an eGFR <60ml/min/1.73m2 or creatinine >1.2mg/dl. All data
were compared using Student’s t-tests and chi-squared tests by IBM SPSS Statistics 25.0. Statistical
signi�cance was set at p<0.05.

Use of the data in the current study was approved by the Institutional Review Board of Mackay Memorial
Hospital. All personal information was de-identi�ed prior to data analysis, thus ensuring patient
con�dentiality.

Results
Our study showed that 66 patients developed BNC between 2008 and 2020. The incidence of BNC was
1.5% (35/2,363) after TURP and 1.6% (27/1,656) after ThuP. The average time to a diagnosis of BNC was
21.3 months (range from 2 to 130 months).

Sixty-two BNC patients with complete data (35 TURP and 27 ThuP) were randomly age-and operation-
matched in a 1:2 ratio with 124 patients without BNC (70 TURP and 54 ThuP). The average age of BNC
group and NBNC group was 70.2 and 69.7 years old respectively. (p values >0.05)(Table 1)

Univariate and multivariate analysis showed that when compared with patients without BNC, those with
BNC had signi�cantly smaller prostates (43.0±18.95 ml vs 57.2±19.84 ml), lower resection weight
(11.64±11.75 g vs 16.67±12.84 g), shorter operative times (43.0±30.9 min vs 57.2±34.5 min), and slower
resection speed (0.124±0.081 g/min vs 0.151±0.952 g/min) (All p values < 0.05). (Tables 1 and 2) There
were no signi�cant differences in percentage of prostate resected, initial PSA, maximal �ow rate, and
whether or not a Foley was inserted preoperatively.

Analysis of comorbidities showed that a greater proportion of BNC patients had history of
cerebrovascular accidents (11/62 vs 7/124, p=0.009, odds ratio:3.6), coronary artery disease(14/48 vs
16/108, p=0.03, odds ratio:2.0), chronic kidney disease (14/62 vs 11/124, p=0.01, odds ratio:3.0), and
two or more comorbidities (29/62 vs 27/124, p=0.001, odds ratio:3.2). (Table 3) A ROC curve predicted
that a prostate volume <42.9cm3 (AUC:0.718 ,sensitivity: 0.766, speci�city: 0.409)had a higher rate of
BNC (Figure 1).

Discussion
BPH with lower urinary tract symptoms is a common problem in older males. TURP is still considered the
gold standard surgical treatment, and ThuP and Holmium laser enucleation of prostate (Holep) have
recently been incorporated into national and international guidelines due to their noninferior e�cacy and
safety.8 BNC is a common postoperative complication that typically occurs early within the �rst 2 years
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post-operation.9 A meta-analysis reported that the incidence of BNC was 2%.10 Another study showed
that TURP resulted in BNC rates between 1% and 12.3%.2 The incidence of BNC reported after ThuP
ranges from 0 to 2.4%.11-13 The incidence of BNC after Holep is between 1.3 and 2.1%. 14-16 Our study
results were comparable with these previous studies as the incidence of BNC was 1.5% after TURP and
1.6% after ThuP. No signi�cant difference was observed in the incidence of BNC between TURP and ThuP.

BNC after prostate surgery is a well-known complication but its underlying cause is not well understood.
Many risk factors, including small prostate volume, higher International Prostate Symptom Score storage
scores, preoperative uncontrolled infection, unsuitable resectoscope, large resection loop, extensive
resection of the bladder neck, long operative time and postoperative Foley insertion have been shown to
be associated with the risk of BNC. 7,9 The most reported risk factor is small prostate volume with over-
resection of the bladder neck. Over-resection of the bladder neck can lead to �brosis or scarring of the
bladder neck, which in turn leads to BNC. Chiu et al reported that the incidence of BNC increased to 16%
in patients with a prostate volume <20 g. 17 Our study showed that a prostate volume <42.9cm3 had a
higher rate of BNC. Qian et al. reported thulium laser enucleation signi�cantly reduce the risk of BNC in
small prostate less than 30g due to no thermal injury to the bladder neck.18 The present study showed
that small prostate volume, low weight of prostate resected, short operative time and low resection speed
are risk factors for BNC. Low volume of prostate resected and short operative time were positively
correlated with small prostate volume. Resection speed is a better parameter as it adjusts for resected
prostate weight and operative time. Slow resection speed was correlated with unfavorable surgical
processes, such as hemorrhage, poor endoscopic vision, prolonged operative time and perforation of the
prostatic fossa or bladder neck. In these cases, more meticulate and extensive hemostasis using a
bipolar resection loop or thulium laser �ber will likely be performed and this can lead to a higher chance
of thermal injury of the bladder neck, which increases the risk of bladder neck scarring.

We hypothesized that preoperative comorbidities are potential risk factors for BNC. Microvascular
disease may be associated with BNC due to poor healing and local ischemia.19 Development of
microvascular disease, such as diabetes mellitus, coronary artery disease, cerebrovascular disease,
hypertension and chronic kidney disease could theoretically alter the microvascular blood supply in the
bladder neck, and accompanied by local ischemia and the wounds caused by TURP or ThuP, could lead
to scar formation. In the current study, chronic kidney disease (p<0.05), coronary artery disease (p<0.05)
and cerebrovascular accidents (p<0.05) were associated with increasead BNC risk. In addition, the
presence of ≥2 comorbidities was a signi�cant risk factor (p<0.05) and 3.2 for BNC, which could indicate
that there is a correlation between microvascular disease and BNC.

A prophylactic incision of the bladder neck using a bipolar loop or laser at the end of surgery, may reduce
the incidence of BNC.7 Incision of the bladder neck by laser is preferred. 20 Dysuria is the primary
symptom of BNC, and a positive diagnosis is con�rmed by cystoscopy. Urethral dilation is a potential
management tool for BNC but repeat urethral dilation due to recurrent BNC was observed in 90% of
patients in the �rst two years.21 BNC is managed by bladder neck incision, which has a 72% success rate.
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22 In our study, 62 patients with BNC received bladder neck incision via bipolar instruments and there was
no recurrence of BNC. Refractory BNC presents as recurrent dysuria in a short time and may require
repeat bladder neck incision. Another technique combines bladder neck incision with a transurethral
irrigation agent or transurethral injection of a cytotoxic agent. Eltahawy et al. reported an 83% success
rate for the combination of bladder neck incision via Holmium laser and irrigation with triamcinolone,
while Redshaw et al. showed a 75% success rate for bladder neck incision using a cold-knife and
transurethral injection of mitomycin C. 23,24

This study had several limitations. First, we did not use the International Prostate Symptom Score as a
parameter in the study due to incomplete medical records. Preoperative Foley status and maximal �ow
rates were not signi�cant different between the BNC and NBNC patients (p>0.05). Second, it was a single
center, retrospective study, the number of patients was small and selection bias would be existent. Third,
some patients were lost to follow-up years after TURP or ThuP, which could lead to an underestimation of
the BNC incidence rates. There were the same size of resectoscope, resection loop and energy settings, no
previous endourological interventions and all patients were age-and operation-matched, all of which
minimized bias in the present study.

Our study demonstrated that the incidence was the same in TUPR and ThuP and low prostate volume,
low resection speed and the presence of ≥2 comorbidities were positively correlated with the
development of BNC after TURP or ThuP. A small prostate volume less than <42.9cm3 had a higher rate
of BNC. However, larger studies are needed to verify these results. Our study may serve as reference for
clinical urologists and our results can be used during the explanation of BNC risks before surgery.
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PSA: Prostate Speci�c Antigen
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Holep: Holmium laser enucleation of prostate
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Tables
Table 1. Univariate analysis between the BNC and NBNC groups.

  BNC (N=62) NBNC (N=124) P-value

Age (years) 70.26 69.67 0.746

Prostate volume (ml) 43.0±18.95 57.2±19.84 0.001**

Prostate resection weight (g) 11.64±11.75 16.67±12.84 0.001**

Percentage of prostate resected (%) 27.2±19.36 27.5±15.13 0.91

Operative time (minutes) 43.0±30.9 57.2±34.5 0.001**

Resection speed (g/min) 0.124±0.081 0.151±0.952 0.048**

PSA (ng/ml) 8.04±16.19 9.0±14.02 0.674

Maximal urinary �ow (ml/sec) 10.4±8.84 8.28±5.94 0.055

Foley insertion before TURP or ThuP     0.431

  Yes 14 22  

  No 48 102  
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Table 2. Multivariate analyses between the BNC and NBNC groups.

  BNC (N=62) NBNC (N=124) P-value

Prostate volume (ml) 43.0±18.95 57.2±19.84 0.000**

Prostate resection weight (g) 11.64±11.75 16.67±12.84 0.009**

Percentage of prostate resected (%) 27.2±19.36 27.5±15.13 0.912

Operative time (minutes) 43.0±30.9 57.2±34.5 0.000**

Resection speed (g/min) 0.124±0.081 0.151±0.952 0.041**

PSA (ng/ml) 8.04±16.19 9.0±14.02 0.694

Maximal urinary �ow (ml/sec) 10.4±8.84 8.28±5.94 0.052

Table 3. Comorbidity analyses between the BNC and NBNC groups.

All (yes/no) BNC
(N=62)

NBNC
(N=124)

P-valu P
value

OO    Odds
ratio

(95% interval)

 

Hypertension (yes/no) 35/27 56/68 0.146 1.6(0.9-2.9)

Diabetes mellitus (yes/no) 14/48 18/106 0.17 1.7(0.8-3.7)

Cerebrovascular accidents
(yes/no)

11/51 7/117 0.009** 3.6**(1.3-9.8)

Coronary artery disease (yes/no) 14/48 16/108 0.03** 2.0**(0.9-4.4)

Chronic kidney disease(yes/no) 14/48 11/113 0.01** 3.0**(1.2-7.0)

Number of Comorbidities (≥2/
≤1)

29/33 27/97 0.001** 3.2**(1.6-6.1)

Prostate cancer (yes/no) 8/54 10/114 0.293 1.7(0.6-4.5)

Other malignancy (yes/no) 6/56 4/54 0.086 3.2(0.9-11.8)

Figures
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Figure 1

ROC curve for prostate volume to determine the cutoff value that predicts the occurrence of BNC after
TURP or ThuP. Note: red line, reference line; blue line, prostate volume in cm3. Threshold: prostate volume:
42.9 cm3, AUC:0.718, sensitivity: 0.766, speci�city: 0.409


