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Background: Transurethral resection of the prostate (TURP) was considered the golden standard to 
treat benign prostatic hyperplasia (BPH) for decades. However, TURP was associated with low efficiency 
to alleviate the lower urinary tract symptoms (LUTS) and a significantly higher risk of bladder neck 
contracture (BNC) for patients with small-volume BPH. Our study aims to compare the therapeutic effect of 
a transurethral split of the prostate (TUSP) with TURP for patients with small-volume BPH (<30 mL).
Methods: In this study, 101 small-volume BPH patients were randomly divided into two groups (TUSP 
and TURP group). The patient’s baseline characteristics and perioperative outcomes were recorded. The 
follow-up was done at six months, one year and two years after surgical treatment.
Results: No significant differences were observed between the two groups for the baseline characteristics, 
including age, prostate volume, prostate-specific antigen (PSA) level, concurrent disease, post-void residual 
(PVR), maximum urinary flow rate (Qmax), international prostate symptoms score (IPSS), and quality of life 
(QoL) score. The operative time and hemoglobin decrease were significantly lower in the TUSP group 
compared to the TURP group. However, no significant differences were observed between both groups for 
catheterization time, postoperative hospital stay, and incidence of transurethral resection syndrome (TURS). 
However, of the late complications, the incidence of BNC in the TUSP group was significantly lower than 
the TURP group. No significant differences were found between both groups for other complications, 
including postoperative bleeding, micturition urgency, micturition frequency, micturition pain, urinary tract 
infection, recatheterization, transient incontinence, and continuous incontinence. Follow-up results showed 
that the IPSS of the TUSP group was significantly lower than the TURP group, while the Qmax of the TUSP 
group was significantly higher than the TURP group.
Conclusions: This study shows that TUSP may be an efficient and safe treatment for small-volume BPH 
(<30 mL) with a lower incidence of postoperative BNC and better longtime clinical outcomes than TURP. 
It suggested that TUSP could be an ideal treatment choice for small-volume BPH.
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Introduction

Benign prostatic hyperplasia (BPH) is a common disease in 
aging men (1), characterized by abnormal enlargement of 
the prostate gland (2). This disease is associated with lower 
urinary tract symptoms (LUTS) and urinary obstruction, 
which always causes a decrease in quality of life (QoL) (3). 
Transurethral resection of the prostate (TURP) is regarded 
as the golden standard to treat BPH for decades, including 
the classic monopolar TURP and modified bipolar TURP. 
According to the European Association of Urology (EAU) 
2019 guideline, TURP is recommended as a treatment 
choice for the small-volume BPH (<30 mL). From the 
guideline, TURP is also the first line/standard treatment 
for larger sized BPH (30–80 mL). However, conventional 
TURP has some operative complications, including blood 
loss, dilution hyponatremia, and hypervolemia. Moreover, 
some postoperative complications are observed for TURP, 
including bladder neck contracture (BNC), retrograde 
ejaculation, and urinary incontinence (4). BNC is partially 
due to the thermal injury followed by tissue resection (5). 
It is reported that the total incidence rate of BNC after 
TURP was 5.4% (6), which usually occurred in 6 months 
after TURP.

Recently, many novel surgical treatments have been 
developed for treating BPH. Holmium laser enucleation 
of the prostate (HoLEP) is one of the most representative 
techniques. The EAU 2019 guideline recommend HoLEP 
as to the first-line therapeutic choice for large-size BPH 
(>80 mL) and a choice for moderate size BPH (30–80 mL). 
However, HoLEP is not recommended for the small-
volume BPH (<30 mL) since the capsule of the prostate is 
not clear for the HoLEP procedure.

Some patients with small-volume BPH (<30 mL) showed 
severe LUTS, including a low maximum flow rate (Qmax) 
and a high post-void residual (PVR) (7) rate, usually related 
to the bladder neck fibrosis and prostate fibrosis. With the 
EAU 2019 guideline, transurethral incision of the prostate 
(TUIP) serves as the first line/standard treatment for the 
small volume prostates (<30 mL) without a middle lobe. 
However, the treatment for small-volume BPH is a clinical 
challenge since it is reported that small-volume prostate 
is associated with a significantly higher risk of BNC after 
TURP (6). Thus, it is crucial to develop novel surgical 
treatments for small-volume BPH (<30 mL).

Transurethral dilation of the prostate (TUDP) was used 
to treat BPH patients in 1987 (8). However, due to the 
design defect and reduced, longtime clinical efficacy, TUDP 

was not extensively used for clinical BPH patients. Recently, 
the modified TUDP, which called the transurethral split 
of the prostate (TUSP), was developed (9). Different from 
the traditional TUDP procedure, TUSP is designed with 
a double-columnar balloon catheter. This catheter expands 
the prostatic urethra and bladder neck simultaneously. The 
hyperbaric water sac would spit the capsule of the prostate 
and relieve the bladder outlet obstruction (10). Several 
earlier studies showed the clinical safety and efficacy of 
TUSP. Huang et al. reported in 2015 that TUSP is an ideal 
choice for BPH patients with significant therapeutic effects 
and limited complications from the results of the clinical 
study and animal experiments (9). More recently, a further 
study indicated TUSP was a safe and long-term efficient 
treatment for BPH with minimal invasion, short operative 
time, few postoperative complications, and low recurrence 
rate (4), and this study involved 565 BPH patients and 
follow-up for 38 to 99 months.

A recent study indicated that three major pathobiological 
processes, including proliferation and enlargement, smooth 
muscle contractility, and prostate fibrosis, could act alone 
or in combination to promote LUTS (11). For the small-
volume BPH (<30 mL), prostate fibrosis and smooth muscle 
contractility rather than proliferation or enlargement are 
usually the main factors contributing to LUTS. We think 
TUSP involves expanding the prostatic urethra and bladder 
neck without tissue removal, which may provide a novel 
therapeutic option for small-volume BPH (<30 mL) and 
generate a lower incidence of BNC after surgery without 
thermal injury. To evaluate this possibility, we compare the 
therapeutic effect of TUSP with TURP for small-volume 
BPH patients to explore a possible new method to treat 
small-volume BPH (<30 mL). In this prospective study, 
we find that TUSP may be an efficient and safe treatment 
for small-volume BPH (<30 mL) with a lower incidence of 
postoperative BNC and better longtime clinical outcomes 
than TURP. We present the following article in accordance 
with the CONSORT reporting checklist (available at 
http://dx.doi.org/10.21037/atm-20-5462).

Methods

Patients

All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). The Ethics Committee 
approved this study of the Second Affiliated Hospital of 
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Zhejiang University School of Medicine. It was registered 
in the Clinical Trial Registry of China with the trial number 
ChiCTR1900021803. Given the prospective controlled 
study design, a written informed consent was obtained from 
all the patients. An agreement was received for all patients 
before the enrollment. This work was followed by the 
Consolidated Standards of Reporting Trials (CONSORT) 
guidelines. A total of 101 patients (50 for the TUSP group 
and 51 for the TURP group) who underwent prostate 
surgery between May 2016 and January 2018 in our 
department were enrolled in this study (Figure 1). Height 
× length × width × π/6 calculated the patients’ prostate 
volume through trans-rectal ultrasound before surgery in 
our study. IPSS and QoL score were obtained through the 
corresponding questionnaires. Qmax was obtained through 
the urodynamic examination and PVR was obtained through 
the bladder ultrasound. Inclusion criteria for this study 
include: (I) the BPH patients with surgical indication; (II) 
Qmax <12 mL/s; (III) prostate volume <30 mL; (IV) QoL 
score >3; (V) international prostate symptoms score (IPSS) 
>21; (VI) bladder trabeculation or diverticulum under 
cystoscopy; (VII) medication of α-adrenergic blockers for 
at least 3 months. Patients with acute prostatitis, urethritis, 

neurogenic bladder, abnormal prostate-specific antigen 
(PSA) level, and urethral injury history were excluded 
from this study. Computer-generated allocation sequence 
randomized patients to TUSP or TURP group with 
allocation ratio 1:1 before surgery and their characteristics 
were shown in Table 1.

Operative procedure

Figure 2 shows the structure of the double-columnar balloon 
catheter, which was designed and manufactured by the 
UNIKITON company in China (The official website about 
the device is: http://www.unikiton.com/html/Prd/a/238.
html). The procedure of TUSP was described before (4).  
Briefly, the procedures were performed under general 
anesthesia or spinal anesthesia in a lithotomy position. The 
columnar catheter was first put into the bladder through 
the urethra and then pulled out gradually until positioning 
protrusion passing though the membranous urethra. 
When pulling out the catheter, our finger was put into the 
rectum to watch the position of positioning protrusion. 
The positioning protrusion disappeared in the rectum and 
instantly appeared in subcutaneous perineum, which was the 

Figure 1 CONSORT, 2010 Flow Diagram. TUSP, transurethral split of the prostate.
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anatomy marker for catheter positioning before inflating. 
Normal saline inflated the distal balloon to 0.3 MPa and 
which was closed to the membranous urethra to fix the 
catheter. The proximal balloon was inflated to 0.3 MPa to 
expand the prostatic capsule. The cystoscopy appearances 

before and after the TUSP procedures were shown in  
Video 1 (before TUSP) and Video 2 (after TUSP).

TURP was performed from the bladder neck to the 
verumontanum, followed by resection of the anterior lobe, 
lateral lobes, and the apical tissue until reaching the surgical 
capsule by skilled surgeons.

Outcomes and follow-up

The operative time, hemoglobin decrease, catheterization 
time, postoperative hospital stays, and the incidence of 
transurethral resection of the prostate syndrome (TURS) 
were recorded for all patients after the surgery. The primary 
endpoint for this study was to evaluate the incidence rate 
of BNC after the surgery. Each patient was followed up for 
the measurement of IPSS, QoL score, Qmax, and PVR at six 
months, one year and two years after the first procedure.

Statistical analysis

The estimated incidence of BNC was 1% for TUSP and 
15% for TURP according to our earlier outcomes. Thus, 
50 patients were needed for each group with an alpha risk 
of 5% and a test power of 90%. Data are expressed as mean 
± standard deviation (SD). The student’s t-test performed 
statistical analysis or a chi-square test. The Statistical 
Package for the Social Sciences version 22.0 (SPSS, 
Chicago, IL, USA) was used for statistical analysis. A P 
value of <0.05 was considered statistically significant. 

Results

The patients’ baseline characteristics of both groups

The patients’ baseline characteristics of the TUSP 
group and TURP group were summarized in Table 1. 
No significant differences were detected for the baseline 
characteristics (including age, prostate volume, IPSS, 
QoL score, Qmax, PVR, PSA level, and concurrent diseases 
including hypertension, cardiac insufficiency, pulmonary 
incompetence, diabetes mellitus, acute retention of urine, 
and cerebrovascular function sequelae) between the two 
groups (P>0.05).

The perioperative data of both groups

Perioperative data were shown in Table 2. The operative 
time and hemoglobin decrease for the TUSP group are 

Table 1 Baseline patients’ characteristics

Parameters TUSP (n=50) TURP (n=51) P value

Age (yr.) 70.3±7.3 71.2±7.8 0.550

Prostate volume (mL) 25.5±1.5 25.9±1.6 0.198

Qmax (mL/s) 7.8±1.8 7.6±1.5 0.545

PVR (mL) 50.3±27.9 48.5±21.3 0.716

IPSS 23.6±2.3 23.9±2.1 0.495

QoL 4.3±0.4 4.4±0.5 0.270

PSA 1.4±1.3 1.5±1.2 0.688

Concurrent diseases, (n)

Hypertension, cardiac 
insufficiency

16 18 0.833

Pulmonary 
incompetence

7 9 0.786

Diabetes mellitus 8 7 1.000

Cerebrovascular 
function sequelae

3 2 1.000

Continuous data were presented as mean ± SD. TUSP, 
transurethral split of the prostate; TURP, transurethral resection 
of the prostate; Qmax, maximum urinary flow rate; PVR, post-void 
residual; IPSS, international prostate symptoms score; QoL, 
quality of life. 

Figure 2 Structure of the double-columnar balloon catheter.
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significantly lower than the TURP group (P<0.05). No 
significant differences were observed between two groups 
for catheterization time, postoperative hospital stay, and 
the incidence of TURS (P >0.05). The resection weight of 
prostate tissue for the TURP group is 15.3±2.8 g. These 
data showed that TUSP surgery generated short operative 
time and less blood loss.

The early and late complications of both groups

Table 3 showed that the early and late complications after 

surgery, which indicated the BNC incidence in the TUSP 
group were significantly lower than the TURP group 
(P<0.05). No significant differences were observed between 
two groups for the complications, including postoperative 
bleeding, micturition urgency, micturition frequency, 
micturition pain, urinary tract infection, recatheterization, 
transient incontinence, and continuous incontinence.

The functional results of both groups during follow-up

Follow-up was done at six months, one year, and two years 
after the surgical treatment. The IPSS, QoL score, Qmax, 
and PVR were recorded for each follow-up. As shown in 
Table 4, no significant differences were detected for the 
baseline IPSS, QoL score, Qmax, and PVR between the two 
groups. The IPSS scores of the TUSP group at six months, 
one year, and two years follow-up were significantly lower 
than the TURP group. Also, the Qmax of the TUSP group 
at six months, one year, and two years follow-up were 
significantly higher than the TURP group. Further, the 
QoL score and PVR present no significant differences 
between the two groups for all the follow-ups. These results 
showed that TUSP generated better longtime clinical 
efficacy compared to TURP for small-volume BPH.

Discussion

In the past decades, TURP was regarded as the golden 
standard to treat BPH. However, TURP is associated 
with low efficiency to alleviate the LUTS caused by small-
volume BPH (12), and with a significantly higher risk 
of BNC (6). BNC is partially due to the thermal injury 
followed by tissue resection (5). TUSP involves expanding 
the prostatic urethra and bladder neck without tissue 
resection, and thus without thermal injury. In this study, 
we firstly reported TUSP might be an efficient and safe 
treatment for small-volume BPH (<30 mL), with a lower 
incidence of postoperative BNC and better longtime clinical 
outcomes compared to TURP. This study showed that 
TUSP could be an ideal treatment choice for small-volume 
BPH (<30 mL).

Dysuria after surgery may impair a BPH patient’s life 
quality and satisfaction, sometimes even leading to re-
operation. The most common cause of postoperative 
dysuria is BNC; the incidence rate of BNC ranges from 
2.2% to 9.8% with different studies (13,14). In this study, 
the incidence for BNC was 15.7 % for the TURP group, 
which was higher than those patients with large size BPH. 

Table 2 Intraoperative and postoperative data

Parameters TUSP (n=50) TURP (n=51) P value

Operative time (mins) 25.3±8.6 38.3±9.3 0.001

Hemoglobin decrease  
(g/dL)

0.31±0.21 1.43±0.32 0.001

Catheterization time (h) 78.9±16.5 75.9±15.8 0.352

Postoperative hospital  
stay (d)

1.9±0.9 2.1±1.1 0.320

TURS (n) 0 1 1.000

Continuous data were presented as mean ± SD. TUSP, 
transurethral split of the prostate; TURP, transurethral resection 
of the prostate; TURS, transurethral resection syndrome. 

Table 3 Early and late complications

Parameters TUSP (n=50) TURP (n=51) P value

Early complications

Postoperative bleeding 2 3 1.000

Micturition frequency 12 16 0.506

Micturition urgency 9 11 0.804

Micturition pain 7 6 0.775

Urinary tract infection 4 5 1.000

Recatheterization 2 4 0.678

Transient incontinence 6 2 0.160

Late complications

BNC (1 year) 1 8 0.031

Continuous incontinence 
(1 year)

0 0 –

Continuous data were presented as mean ± SD. TUSP, 
transurethral split of the prostate; TURP, transurethral resection 
of the prostate; BNC, bladder neck contracture. 
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Our results suggested that small-volume BPH patients 
present a higher risk of BNC after TURP (6). For the 
small-volume BPH, prostate fibrosis and smooth muscle 
contractility rather than proliferation or enlargement are 
usually the main factors contributing to LUTS. Prostate 
fibrosis is usually associated with chronic prostatitis. For 
the small-volume BPH with prostate fibrosis and chronic 
prostatitis, due to thermal injury caused by TURP, 
resection of the prostate tissue may lead to a new fibrotic 
pathologic process, which is highly related to BNC (15).

A previous study indicated that TUSP was a safe and 
long-term efficient treatment for BPH, with minimal 
invasion, short operative time, and few postoperative 
complications (4). In this study, the operative time and 
hemoglobin decrease in the TUSP group were significantly 
lower than the TURP group. Compared to TUSP, we 
found that the incidence rate of transient incontinence and 
catheterization time postoperatively are lower in the TURP 

group, but the differences are not statistically significant 
(P>0.05). For late complications, the incidence of BNC in 
the TUSP group was significantly lower than the TURP 
group. No significant differences were observed between 
the two groups for the other complications. Our data 
further confirmed the clinical safety and efficacy of TUSP.

TUIP is the first line/standard treatment for the small 
volume prostates without a middle lobe, according to the 
EAU 2019 guideline. From the guideline, TURP is also 
recommended as a treatment choice for the small-volume 
BPH (<30 mL). In our clinical practice, we found some 
small-volume BPH (<30 mL) patients show the hyperplasia 
of the middle lobe, TUIP is not recommended for these 
patients with hyperplasia of the middle lobe. This study is 
a prospective controlled study. We do not want to change 
the operation choice after the patient’s enrollment. Thus, 
we chose TURP as the control treatment in this study 
since it may be a reasonable treatment option for all small-

Table 4 Functional results during follow-up

Parameters Preoperative 6 months 1 year 2 years

No. of patients

TUSP 50 50 48 45

TURP 51 51 49 45

IPSS

TUSP 23.6±2.3 7.8±2.3 7.3±2.0 6.8±1.6

TURP 23.9±2.1 8.9±2.6 8.2±1.9 7.6±1.8

P value 0.495 0.026 0.025 0.028

QoL

TUSP 4.3±0.4 2.3±0.3 2.1±0.3 2.3±0.4

TURP 4.4±0.5 2.7±0.4 2.2±0.3 2.4±0.3

P value 0.270 0.159 0.104 0.183

Qmax (mL/s)

TUSP 7.8±1.8 23.5±6.3 20.7±5.5 20.8±5.3

TURP 7.6±1.5 20.8±6.2 18.5±4.9 17.3±5.8

P value 0.545 0.032 0.040 0.003

PVR (mL)

TUSP 50.3±27.9 5.8±3.4 8.2±5.6 9.7±6.9

TURP 48.5±21.3 6.2±5.1 7.1±6.3 10.1±8.3

P value 0.716 0.644 0.366 0.804

Continuous data were presented as mean ± SD. TUSP, transurethral split of the prostate; TURP, transurethral resection of the prostate; 
IPSS, international prostate symptoms; QOL, quality of life; Qmax, maximum urinary flow rate; PVR, post-void residual.
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volume BPH (<30 mL) patients, no matter with or without 
a middle lobe.

For both TURP and TUSP groups of patients, a 2-year 
follow-up was done. A two-year follow-up was finished for 
about 90% of patients. Our data indicated that the IPSS 
of the TUSP group at six months, one year, and two years 
follow-up were significantly lower than the TURP group 
and the Qmax of the TUSP group at 6 months, 1 year and  
2 years follow-up, were significantly higher than the TURP 
group. These convinced data showed that TUSP generated 
better longtime clinical efficacy compared to TURP for 
small-volume BPH.

HoLEP and greenlight laser vaporization of the prostate 
are the novel techniques for treating BPH. However, 
their clinical efficacy for patients with small-volume BPH 
is still needed to explore (16). The EAU 2019 guideline 
recommend HoLEP as to the first-line therapeutic choice 
for large-size BPH (>80 mL) and a choice for moderate size 
BPH (30–80 mL). However, HoLEP is not recommended 
for the small-volume BPH (<30 mL) since the capsule of 
the prostate is not clear for the HoLEP procedure. For 
the small-volume BPH (<30 mL), prostate fibrosis, and 
smooth muscle contractility rather than proliferation or 
enlargement are usually the main factors contributing to 
LUTS (11). The prostate and bladder neck fibrosis could 
obstruct the bladder outlet. The laser may generate thermal 
injury and lead to a new fibrotic pathologic process, which 
increases the risk of BNC after treatment. Thus, we believe 
TUSP, serving as an expansion surgery without tissue 
resection and thermal injury might be a better choice for 
the small-volume BPH.

There were still several limitations to this study. Firstly, 
it was a single-center study. Secondly, the follow-up period 
was short. Therefore, some multi-center prospective studies 
with a longer time follow-up were needed in the future.

Conclusions

In summary, this study implies that TUSP is an efficient 
and safe treatment for patients with small-volume BPH  
(<30 mL) with a lower incidence of BNC and better 
longtime clinical outcomes compared to TURP. It 
suggested that TUSP could be an ideal treatment choice for 
small-volume BPH.
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