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Abstract
BACKGROUND
Transurethral columnar balloon dilatation of the prostate (TUCBDP) is a new surgical treatment, but its efficacy remains controversial because of limited clinical application.

AIM
To investigate the clinical effect of TUCBDP for benign prostatic hyperplasia (BPH).

METHODS
Overall, 140 patients with BPH who underwent surgical treatment were included in the study. A random number table was used to divide the participants into study and control groups (n = 70 per group). The study group underwent TUCBDP. The prostate resection surgical time, intraoperative blood loss, bladder irrigation time, catheter indwelling time, length of hospital stay, International Prostate Symptom Score (IPSS), maximum urine flow rate (Qmax), residual urine volume (RUV), changes in the International Erectile Function Score (IIEF-5) score, serum prostate-specific antigen (PSA), quality of life (QOL) score, and surgical complications were compared in both groups.

RESULTS
The operation time, intraoperative blood loss volume, bladder flushing time, urinary catheter indwelling time, and length of hospital stay were significantly lower in the study group than in the control group (P < 0.05). There were no significant differences in the IPSS, Qmax, and RUV measurements between the study and control groups (P > 0.05). However, at 3 mo post-surgery, the IPSS and RUV measurements were both lower (P < 0.05) and Qmax values were higher (P < 0.05) compared to the pre-surgery results in both groups. The IIEF-5 scores before and 3 mo after surgery were not significantly different between the study and control groups (P > 0.05). At 1 mo after surgery, the IIEF-5 score was higher in the study group than in the control group (P < 0.05). The serum PSA levels and QOL scores before treatment and at 1 and 3 mo after treatment were not significantly different between the study and control groups (P > 0.05). However, lower serum PSA levels and QOL scores were observed after 1 and 3 mo of treatment compared to pre-treatment levels in the study group (P < 0.05). The surgical complication rate of the study group (4.29%) was lower than that of the control group (12.86%; P < 0.05).

CONCLUSION
TUCBDP for BPH and transurethral resection of the prostate can achieve better results, but the former method is associated with less surgical trauma.
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Core Tip: By comparing the clinical effects of transurethral columnar balloon dilatation of the prostate (TUCBDP) to the gold standard transurethral resection of the prostate in patients with benign prostatic hyperplasia, it was observed that although both procedures can achieve similar therapeutic effects, TUCBDP offers the additional benefits of less surgical trauma, improved recovery, and fewer surgery-associated complications.

INTRODUCTION
Benign prostatic hyperplasia (BPH), which refers to the proliferation of epithelial cells and the interstitium in the transitional zone of the prostate, is one of the most common encountered urological problems. The main clinical manifestation of BPH is lower urinary tract obstruction, which is more common in middle-aged and older men[1,2]. The quality of life (QOL) of patients with BPH is greatly affected because they often suffer from lower urinary tract symptoms, such as frequent micturition, urgent urination, and dysuria[3]. At present, surgical treatment is routinely advocated for patients with poor symptom control after oral drug administration, including transurethral resection of the prostate (TURP) and transurethral laser vaporization, which can significantly improve the symptoms of lower urinary tract obstruction and achieve a better curative effect. However, it can cause great harm to patients, with slow postoperative recovery, high intraoperative blood loss, and a high incidence of perioperative complications[4,5]. TUCBDP is a new surgical treatment, but its efficacy remains controversial owing to its small clinical application[6]. To explore the clinical effect of TURP with a cylindrical water bladder for the treatment of BPH, a total of 140 BPH patients who intended to undergo surgical treatment in our hospital were selected for this study.

MATERIALS AND METHODS
Study subjects
A total of 140 patients with BPH who were scheduled to undergo surgical treatment at our hospital from March 2016 to January 2019 were selected as research participants. The participants were then randomly allocated to the study and control groups (n = 70 for each group) based on a random number table. The inclusion criteria for this study were as follows: (1) diagnosis of BPH based on the criteria in the second edition of the Journal of Endourology, People’s Health Press[7]; (2) presence of typical indications for surgery, including repeated symptoms, such as urinary retention, hematuria, and urinary system infection, which were treated poorly by conservative treatment; and an (3) International Prostate Symptom Score (IPSS) score ≥ 8 points. The exclusion criteria were as follows: (1) severe heart, lung, and renal dysfunction; (2) urinary tumors, urethral strictures, extremely reduced bladder capacity caused by severe bladder contractures, etc.; (3) myasthenia gravis; (4) mental illness and intellectual disability; and (5) coagulopathy. This study conformed to the requirements of the medical ethics committee and signed informed consent was obtained from each participant.
Patients in the study group were aged 42–63 years (mean 53.5 ± 4.4 years) and had a disease duration ranging from 10–55 mo (mean 29.6 ± 9.0 mo), pre-treatment mean IPSS score of 24.6 ± 3.5 points, and a mean prostate volume of 81.3 ± 8.5 mL on preoperative ultrasonography. In the control group, patients were aged 44–65 years (mean 54.2 ± 4.9 years) and had a disease duration ranging from 12–60 mo (mean 31.8 ± 11.2 mo) a pre-treatment mean IPSS score of 24.2 ± 3.9 points, and a mean prostate volume of 83.0 ± 10.7 mL on preoperative ultrasonography. There were no significant differences in these baseline data between the two groups (P > 0.05).

Treatment
Patients in the study group underwent TUCBDP. Based on the size of the patient's prostate, a suitable cylindrical water balloon catheter was chosen. The patient was placed in the lithotomy position and provided epidural plus spinal anesthesia. After successful anesthesia, the sac catheter was inserted through the urethra in a posterior direction, and then water was injected into the balloon to secure the catheter. The water injection tube was closed at a pressure of 0.3 MPa, at which time the outer balloon was located in the prostatic urethra and the inner balloon in the membranous urethra. Six hours after surgery, regular water injections were used to reduce the water pressure.
In the control group, an Olympus bipolar plasma electrotonic was used. The resection and coagulation power were 280 W and 60 W, respectively. Epidural anesthesia was provided to patients who were placed in the lithotomy position. After successful anesthesia, the resection microscope was inserted directly into the bladder. If the patient had bilateral BPH, the surgical capsule layer was cut at the bladder neck at the 1 o’clock position, and most of the lateral lobe and apical tissues were excised along with the capsule. In patients with trilobar hyperplasia, the middle lobe was excised until the capsule layer was flushed with the triangular area, and the hyperplastic glands were removed as described above. There was no obvious bleeding after careful examination, and a three-cavity catheter remained in-situ after the operation.

Indicators
The operative time, intraoperative blood loss volume, bladder washing time, catheter retention time, hospital stay length, IPSS, maximum urine flow rate (Qmax), residual urine volume (RUV), International Erectile Function Score (IIEF-5), serum prostate-specific antigen (PSA) levels, and the QOL score of the two groups were compared along with the operative complication rates.
To obtain serum PSA levels, fasting venous blood (4 mL) was collected from pre- and postoperative patients and centrifuged at 3000 r/min for 5 min. The serum was separated and detected by enzyme-linked immunosorbent assay (ELISA). To prepare the ELISA plate, the standard substance was diluted by multiple ratios. The ELISA plate had separate wells for the test, standard, and blank samples. To prepare the test sample wells, we added 40 µL of sample diluent to the wells of the ELISA plate followed by 10 µL of the test sample (the final degree of sample dilution was 5 times). The plates were sealed with a sealing membrane and incubated at 37 ºC for 30 min. The washing liquid was diluted 30 times with 30 times distilled water for later use. The sealing plate membrane was carefully removed, the liquid was discarded, and the plate was spin dried. The ELISA plate was allowed to stand for 30 s after the discard and then each well was filled with washing liquid; this process was repeated 5 times and the plate was patted dry. All wells, except for the blank wells, was coated with 50 µL of tetramethylbenzidine developing base solution (YSRIBIO, Huzhou Yingchuang Biotechnology Co., Ltd., Huzhou, Zhejiang province, China). The ELISA plate was then incubated and washed. We then added 50 µL of stop solution into each well to stop the coloration, and the plate was placed in the dark at 37 ºC for 15 min to facilitate color development. The solution changed from blue to yellow, and the absorbance of each well was measured sequentially at a wavelength of 450 nm using the BioTek microplate reader (Bertone Instruments Co., Ltd., USA).
The IIEF-5 mainly includes the following five questions: (1) How confident are you in achieving and maintaining a penile erection? (2) After stimulation, how many times has the penis been erect to achieve successful vaginal penetration? (3) How many times were you able to maintain erection after vaginal penetration? (4) How many times were you able to maintain erection until the completion of sexual intercourse? and (5) Are you satisfied with your sexual experience? Patients with erectile dysfunction scored < 21 points out of a total score of 25 points.
The QOL was mainly assessed based on the subjective feelings of patients regarding the impact of nocturia, frequent micturition, urgent urination, difficulty in defecation, and urinary incontinence on their QOL. The QOL was scored as follows: very good (0 points), good (1 point), mostly satisfied (2 points), basic satisfied (3 points), mostly dissatisfied (4 points), unhappy (5 points), and very painful (6 points)[8].

Statistical analysis
Statistical analysis was performed using SPSS software version 21.0. Measured data (i.e., operation time, intraoperative blood loss, and bladder flushing time) in the two groups were represented by mean ± SD. The t-test was used to compare data between group, and intergroup comparisons of complication rates and other count data were performed using the χ2 test. P values < 0.05 were considered statistically significant.

RESULTS
Comparison of operation time and other indicators between groups
The operation time, bleeding volume during surgery, bladder washing time, catheter indwelling time, and length of hospital stay of patients in the study group were lower than those in the control group (P < 0.05; Table 1).

Pre- and postoperative changes in urinary symptoms 
There were no significant differences in the IPSS score, Qmax, and RUV values between the study and control groups pre-operation and 3 mo post-operation (P > 0.05). Three months after surgery, the IPSS and RUV values of the two groups were lower than those before surgery (P < 0.05), and the Qmax measured value was higher than that before surgery (P < 0.05; Table 2).

Pre- and postoperative changes in sexual function
There were no significant differences in the IIEF-5 scores between the study and control groups before and 3 mo after surgery (P > 0.05). One month after surgery, the IIEF-5 score of the study group was higher than that of the control group (P < 0.05; Table 3).

Pre- and postoperative serum prostate-specific antigen levels between groups
There was no significant difference in serum PSA levels before treatment and 1 and 3 mo after treatment between the study and control groups (P > 0.05). However, after 1 and 3 mo of treatment, the serum PSA levels of both groups were lower than those before treatment (P < 0.05; Table 4).

Pre- and postoperative QOL scores between groups
 No significant differences in the QOL scores were observed between the two groups before treatment and after 1 and 3 mo of treatment (P > 0.05). However, the QOL scores of the two groups after 1 and 3 mo of treatment were lower than those before treatment (P < 0.05; Table 5).

Comparison of surgical complication rates between groups
The surgical complication rate in the study group was 4.29%, which was significantly lower than that of the control group (12.86%; P < 0.05; Table 6).

Case data
A 53-year-old male patient presented with the main clinical symptoms of frequent urination, urgency, incontinence, dysuria, repeated urinary retention, hematuria, and urinary tract infection. Postoperatively, the patient's urination symptoms were satisfactory, and quality of life was significantly improved. Intraoperative photographs are shown in Figure 1. 

DISCUSSION
BPH is the main cause of urethral obstruction and lower urinary tract symptoms in elderly men, and its incidence increases with age[7]. The clinical progression of BPH may be related to hypertension and the size and index of the prostatic transitional zone. Surgery is usually required if drug control is poor. Traditional open surgery is associated with a long operation time, relatively large bleeding volume, high risk of urinary incontinence, long postoperative recovery period, high surgical tolerance requirement in patients, and relatively expensive equipment[8,9]. TURP is considered the "gold standard" treatment for BPH, but serious complications may occur, such as resection syndrome and urinary incontinence[10]. The question of how to improve patient urinary symptoms without removing the prostate needs to be urgently solved. TUCBDP is a new technology with independent intellectual property rights in China. Its greatest advantage is that it can retain the prostate organ and complete the operation in a very short time, thus minimizing the occurrence of related complications. It is a complementary surgical approach for BPH[11-13].
Mannitol, which is used in TURP surgery, inevitably penetrates blood in the human body. The longer the operation time, the greater the blood volume and lower the concentration of electrolytes in the blood[14]. TUCBDP surgery is safe and reliable, associated with minimal trauma and shorter operation time than TURP, and does not require resection of the prostate. It can easily solve the problems of obstruction and urination caused by hyperplasia and maintain patency[15]. The results of this study showed that the operation time, bleeding volume during surgery, bladder washing time, catheter indwelling time, and hospital stay of patients in the study group were significantly lower than those in the control group. Based on our findings, TUCBDP was safer and more effective than TURP for the treatment of patients with BPH. The reason for this was because after the water was directly filled in the cylindrical water sac expansion, the membranous part, the full length of the posterior urethra, and the bladder neck were dilated under high pressure and the capsule was directly and completely dehisced forward leading to a shorter forward arrival time of bilateral lobular gland dilatation and a smaller bleeding volume. It is difficult to control the depth of the excised tissue during TURP surgery, resulting in poor control of incision accuracy. The excised tissue easily adheres to the resection ring, which can block the line of sight of the surgeon, increase the operation time, and delay the operation progress. Furthermore, the placement of an indwelling urinary catheter for prolonged periods after surgery results in slow recovery.
PSA is a glycoprotein produced in prostate epithelial cells and is expressed at high levels in the serum of patients with prostate cancer. It is positively correlated with disease progression, making it a preferred marker for the detection of prostate cancer. Based on our findings, the serum PSA levels of both groups were lower after 1 and 3 mo of treatment compared to those before treatment, indicating that both surgical methods could effectively control disease progression of patients with good treatment effects. The difference between the two groups was not significant, and the accuracy of the results could be confirmed by further increasing the sample size.
The IPSS scores, QQL, Qmax, and post voiding residual urine were the main observation indices in this study[16]. The main disease progression of BPH was the aggravation of lower urinary tract symptoms, which leads to a decline in QOL, progressive decline in Qmax, and occurrence of complications (i.e., hematuria, repeated urinary infections, and renal impairment)[17]. The decline in QOL due to worsening lower urinary tract symptoms needs to be quantified by the IPSS and QOL scores[18]. In this study, the IPSS and RUV measured values of the patients were significantly lower than those before surgery, and the Qmax value was significantly higher than that before surgery. TUCBDP successfully clears the obstruction caused by hyperplasia and successfully expands the obstructed area of the urethral membrane without compromising the urethral sphincter; therefore, the risk of lower urinary tract deterioration is greatly reduced. The operation complication rate in the research group was significantly lower than that in the control group because repeated electrocoagulation is required to stop bleeding during TURP surgery. However, if the patient fails to mobilize properly or there is a sudden change in blood pressure after surgery, the wound site may coagulate and become compromised by re-bleeding. Hence, relatively more tissues need to be removed, and adverse reactions, such as resection syndrome, are more likely to occur. The IIEF-5 score of the research group was significantly higher than that of the control group because the prostate was preserved during the enlargement procedure, and high-temperature tools (i.e., electric knife and lasers) were not used during the operation. Therefore, postoperative complications were significantly reduced, and no sexual dysfunction occurred after the operation.
At present, clinical research on patients with BPH is mainly aimed at selecting safe and effective treatments. TUCBDP has been used, with good effect, for the treatment of BPH[19,20]. However, there are only few studies that have been conducted to compare longitudinal and transverse cylindrical water balloon dilatation and TURP. In the present study, the therapeutic effects of the two surgeries were compared, and the IIEF-5 score was used to diagnose penile erectile function and effectively evaluate the prognosis of d.

CONCLUSION
In summary, TUCBDP surgery for BPH and TURP have both achieved good therapeutic effects, but the former has advantages of less surgical trauma, rapid and early postoperative recovery, and fewer complications.

ARTICLE HIGHLIGHTS
Research background
Benign prostatic hyperplasia (BPH) is one of the most common encountered urological problems.

Research motivation
Surgical treatment can cause great harm to patients, with slow postoperative recovery, high intraoperative blood loss, and a high incidence of perioperative complications.

Research objectives
This study aimed to explore the clinical effect of transurethral resection of the prostate (TURP) with a cylindrical water bladder for the treatment of BPH.

Research methods
A total of 140 BPH patients who intended to undergo surgical treatment in our hospital were selected for this study. And randomly allocated to the study and control groups (n = 70 for each group) based on a random number table.

Research results
Lower serum prostate-specific antigen levels and quality of life scores were observed after 1 and 3 mo of treatment compared to pre-treatment levels in the study group. The surgical complication rate of the study group (4.29%) was lower than that of the control group (12.86%)

Research conclusions
Transurethral columnar balloon dilatation of the prostate surgery for BPH and TURP have both achieved good therapeutic effects, but the former has advantages of less surgical trauma.

Research perspectives
There are only few studies that have been conducted to compare longitudinal and transverse cylindrical water balloon dilatation and TURP. Further studies are required.
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Figure 1 Intraoperative photographs of a patient. A, B: Patients undergoing cystoscopy before transurethral columnar balloon dilatation of the prostate with an obvious urethral stricture; C, D: Patients with an unobstructed urethra after undergoing cystoscopy.

Table 1 Comparison of operation time between groups (mean ± SD)
	Group
	n
	Operation time (min)
	Intraoperative blood loss (mL)
	Bladder irrigation time (h)
	Catheter indwelling time (d)
	Hospital stay (d)

	Study group
	70
	18.6 ± 3.2
	13.2 ± 4.0
	6.3 ± 2.0
	2.5 ± 0.5
	2.9 ± 0.7

	Control group
	70
	80.0 ± 14.8
	66.5 ± 18.4
	45.1 ± 13.8
	5.1 ± 1.2
	5.6 ± 1.5

	t value
	
	-33.926
	-23.683
	-23.280
	-16.733
	-13.647

	P value
	
	0.000
	0.000
	0.000
	0.000
	0.000



Table 2 Pre- and postoperative changes in urinary symptoms between groups (mean ± SD)
	Group
	n
	Qmax (mL/s)
	RUV (mL)
	IPSS scores (Score)

	
	
	Before therapy
	Treatment for 3 mo
	Before therapy
	Treatment for 3 mo
	Before therapy
	Treatment for 3 mo 

	Study group
	70
	7.69 ± 2.05
	20.51 ± 3.04a
	98.5 ± 14.3
	8.6 ± 2.7a
	24.6 ±3 .5
	5.1 ± 1.6a

	Control group
	70
	8.20 ± 2.18
	19.68 ± 2.88a
	101.0 ± 16.5
	9.0 ± 3.0a
	24.2 ± 3.9
	5.3 ± 1.9a

	t value
	
	-1.426
	1.658
	-0.958
	-0.829
	0.639
	-0.674

	P value
	
	0.156
	0.100
	0.340
	0.408
	0.524
	0.502


aP < 0.05 vs data before treatment in the same group.
Qmax: maximum urine flow rate; RUV: residual urine volume; IPSS: International Prostate Symptom Score.


Table 3 Pre- and postoperative changes in sexual function between groups (mean ± SD, scores)
	Group
	n
	Before therapy
	Treatment for 1 mo
	Treatment for 3 mo

	Study group
	70
	21.53 ± 2.67
	21.30 ± 2.80
	22.04 ± 2.67

	Control group
	70
	22.00 ± 2.91
	20.04 ± 2.59a
	21.81 ± 2.74

	t value
	
	-0.996
	2.764
	0.503

	P value
	
	0.321
	0.006
	0.616


aP < 0.05 vs data before treatment in the same group.

Table 4 Pre- and postoperative serum prostate-specific antigen levels between groups (mean ± SD, μg/L)
	Group
	n
	Before therapy
	Treatment for 1 mo
	Treatment for 3 mo

	Study group
	70
	7.52 ± 2.01
	4.37 ± 1.49a
	3.56 ± 1.33a

	Control group
	70
	7.90 ± 2.46
	4.60 ± 1.55a
	3.82 ± 1.50a

	t value
	
	-1.001
	-0.895
	-1.085

	P value
	
	0.319
	0.372
	0.280


aP < 0.05 vs data before treatment in the same group.

Table 5 Pre- and postoperative comparisons of quality of life scores between groups (mean ± SD, scores)
	Group
	n
	Before therapy
	Treatment for 1 mo
	Treatment for 3 mo

	Study group
	70
	5.83 ± 0.89
	2.89 ± 0.64a
	2.23 ± 0.60a

	Control group
	70
	5.56 ± 0.90
	3.07 ± 0.76a
	2.41 ± 0.74a

	t value
	
	1.785
	-1.516
	-1.581

	P value
	
	0.077
	0.132
	0.116


aP < 0.05 vs data before treatment in the same group.


Table 6 Comparison of surgical complications between groups, n (%)
	Group
	n
	Secondary bleeding
	Urinary retention
	Bladder neck spasm
	Urinary incontinence
	Complication rate (%)

	Study group
	70
	1
	0
	1
	1
	3 (4.29)

	Control group
	70
	4
	1
	2
	3
	9 (12.86)

	χ2 value
	
	
	
	
	
	4.115

	P value
	
	
	
	
	
	0.042
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