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Abstract: Objective: To investigate the effect of saline perfusion before catheter removal in patients with benign pros-
tatic hyperplasia (BPH) treated with GreenLight laser photoselective vaporization of the prostate (PVP). Materials 
and Methods: Patients (n=200) with BPH treated with PVP were divided into perfusion (n=100) and control (n=100) 
groups. For the perfusion group, saline (200 mL or the maximum capacity tolerated) was irrigated into the bladder 
after standardized external urethral disinfection, and the catheter was removed. Catheter removal was routinely 
performed in the control group. Perioperative adverse events and clinical outcomes were compared between the 
groups. Results: Patients in the perfusion group had a shorter waiting time [3 (0-4) vs. 15 (8.75-26) min; P<0.001] 
and a better satisfaction grade [24 (21.75-26) vs. 23 (20-25); P=0.016] for first urination than those in the control 
group. The perfusion group exhibited lower anxiety levels regarding first urination than the control group [1 (1-2) vs. 
1.5 (1-2), respectively; P=0.012]. Urinalysis revealed that the perfusion group had significantly lower white blood cell 
(WBC) count than the control group on the day [25.5 (8-37.75) vs. 43.5 (24.0-64.75); P<0.001] and 2 weeks [20.5 
(11-27) vs. 31.0 (20-42); P<0.001] after catheter removal. No significant differences in treatment-related adverse 
events were observed [perfusion (n=15), control (n=20)]. Conclusion: Saline perfusion before catheter removal in 
patients with BPH treated with PVP could shorten the waiting time for first urination, improve patient anxiety and 
satisfaction and reduce postoperative urinary WBC levels.
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Introduction

Benign prostatic hyperplasia (BPH) commonly 
occurs in older men, with an incidence of up to 
90% reported in men in the ninth decade of life 
[1]. BPH refers to the benign enlargement of  
the prostate gland and may result in lower uri-
nary tract symptoms (LUTS), including voiding, 
storage, and post-voiding symptoms [2]. Tra- 
ditionally, transurethral resection of the pros-
tate (TURP) has been considered the gold stan-
dard surgery. However, it has potential risks of 
bleeding, clot retention, transurethral resec- 
tion syndrome, and other perioperative adverse 
events. Therefore, new techniques are required 
to treat patients with BPH [1].

GreenLight laser photoselective vaporization of 
the prostate (PVP) is a safe and effective sur-
gery associated with reduced bleeding, reduced 

injury, and a low complication rate. Clinical 
research has demonstrated that PVP could 
improve clinical outcomes in patients with BPH 
[3, 4]. The GOLIATH Study [5] proved that 180 W 
XPS PVP was a safe, effective, and feasible 
alternative surgical option to TURP, based on 
24-month follow-up data. In addition, many 
studies have suggested that anticoagulation 
therapy or high-risk factors do not increase the 
adverse event rates of PVP [6-10], and it is 
effective for high-risk patients or patients being 
treated with oral anticoagulants [6, 7]. However, 
the optimal time for catheter removal is incon-
clusive, and saline perfusion before catheter 
removal in patients with BPH treated with PVP 
has not yet been reported.

In this study, we aimed to investigate the effect 
of saline perfusion before catheter removal, 
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evaluate the perioperative adverse events 
associated with PVP, and compare the clinical 
outcomes with those of the control group.

Materials and methods

Study population

According to EAU GuideLines and Chinese 
Urological Association (CUA) Guidelines, the 
indication for surgical treatment of BPH was as 
follows: (1) severe LUTS secondary to BPH, 
refractory to medical therapy with alpha-block-
ers and/or 5-alpha reductase inhibitors, pros-
tate volume (PV) ≥30 mL; (2) International 
Prostate Symptom Score (IPSS) >19; (3) maxi-
mum urinary flow rate (Qmax) <15 mL/s. In 
addition, patients with neurogenic bladder or 
detrusor underactivity, bladder neck or urethral 
stricture, prostate cancer, incomplete clinical 
data were exclued from present study. In this 
retrospective study, a total of 200 patients with 
BPH treated with PVP at our institution bet- 
ween January 2020 and December 2020 were 
included.

Assessment parameters

Patients were randomized in a 1:1 ratio to the 
perfusion (n=100) and control groups (n=100) 
using a random number table, and baseline 
information was collected before PVP surgery.

IPSS and Quality of Life score (Qol) were evalu-
ated using a standardized questionnaire. IPSS 
was used to assess the severity of LUTS, which 
consists of a questionnaire with seven ques-
tions relating to urinary symptoms over the past 
month. Each question is scored from 0 (not at 
all) to 5 (almost always), with a total score of 
0-35, assessing the frequency of symptoms 
such as incomplete emptying, frequency, inter-
mittency, urgency, weak stream, straining, and 
nocturia. The IPSS score is categorized as 
asymptomatic (0 point), mildly symptomatic 
(1-7 points), moderately symptomatic (8-19 
points), and severely symptomatic (20-35 po- 
ints). QoL score is a single question that asks 
patients to rate their overall satisfaction with 
their urinary situation, on a scale of 0 (delight-
ed) to 6 (terrible), where a higher score indi-
cates lower satisfaction with the urinary con- 
dition.

Comorbidities and medical history were evalu-
ated using a questionnaire, and PV was mea-

sured using transrectal ultrasound and pelvic 
MRI. Qmax, maximum detrusor pressure (Pdet.
max), and postvoid residual (PVR) were ana-
lyzed using urodynamic examination. This study 
was approved by the Institutional Ethics and 
Research Committee of Tianjin union medical 
Center.

Surgical procedure

PVP was performed using a 180 W GreenLight 
XPS laser system (Laserscope, USA) with a 
MoXy fiber, and standardized surgical proce-
dures were performed by experienced urolo-
gists [11]. The operation time was recorded 
from the beginning of laser cystoscope implan-
tation to the end of the indwelling catheter. The 
laser time and energy were obtained using the 
GreenLight XPS laser system, and the laser 
energy density was calculated according to the 
laser energy consumption/preoperative PV. In- 
traoperative adverse events (bleeding, capsule 
perforation, and transfer to TURP) were also 
recorded.

Intervention

Catheter removal in patients with BPH treated 
with PVP was performed 3-9 days following the 
PVP operation. In the perfusion group, 200 mL 
saline [or maximum capacity tolerated (<200 
mL)] was irrigated into the bladder after stan-
dardized external urethra disinfection, and the 
filling rate was less than 5 mL/s. The catheter 
was then removed, and the pain level on cath-
eter removal and first urination, waiting time for 
first urination, and satisfaction grade of first uri-
nation was observed and recorded. Qmax and 
PVR of the first urination were evaluated using 
the urine flow rate and transabdominal ultraso-
nography, and clean midstream urine on the 
day and 2 weeks after catheter removal was 
used to perform urinalysis. For the control 
group, catheter removal was performed rou-
tinely; the indicators of first urination were 
investigated using the same method used for 
the perfusion group.

Follow-up

All cases were evaluated postoperatively for 6 
months with respect to adverse events, includ-
ing transient hematuria, blood transfusion, clot 
retention, transient urinary incontinence, stric-
ture, and retreatment. IPSS, QoL, Qmax, PSA 
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Table 2. Comorbidities and medical history of the perfusion and 
control groups

Variables Perfusion group 
(N=100)

Control group 
(N=100) P-value

Smoking 23 (23) 30 (30) 0.262
Drinking 12 (12) 18 (18) 0.235
Hypertension 44 (44) 36 (36) 0.248
T2DM 17 (17) 21 (21) 0.471
Myocardial infarction 22 (22) 17 (17) 0.372
Cerebral infarction 21 (21) 15 (15) 0.260
Oral anticoagulation 14 (14) 11 (11) 0.521

Table 1. Baseline characteristics of the participants
Variables Perfusion group (N=100) Control group (N=100) P-value
Age-years 70.44±7.87 69.46±7.70 0.375
BMI-kg/m2 24.19±3.23 24.81±3.04 0.164
IPSS 23 (20-26) 23 (20-26) 0.810
QoL 5 (4-5) 5 (4-5) 0.598
PSA-ng/mL 4.40 (2.09-7.55) 4.20 (2.12-6.35) 0.468
PV 62.46±24.99 59.74±23.59 0.916
Qmax 7 (4-8.25) 6 (4-9) 0.747
PVR 50 (17.5-200) 40 (10-155) 0.308
Pdet.max 82 (54.5-110) 77.5 (60-109) 0.567

level, and PVR were assessed 6 months after 
PVP.

Statistical analyses

First, the quantitative data were tested for nor-
mality and homogeneity of variance. Normally 
distributed data with homogeneity of variance 
were expressed as mean ± standard deviation. 
Two independent samples t-tests were used for 
comparison of age, BMI, PV operation time, 
laser time, laser energy, and laser energy den-
sity between groups. Otherwise, data are ex- 
pressed as median (interquartile range), and 
the Mann-Whitney U test was used for compari-
son of IPSS, QoL, PSA-ng/mL, PV, Qmax, PVR, 
Pdet.max, pain level on catheter removal, pain 
level during first urination, anxiety level before 
PVP surgery, anxiety level before catheter re- 
moval, waiting time for first urination, satisfac-
tion grade of first urination, and white blood cell 
count of urinalysis between groups. Wilcoxon 
signed rank test was used for comparison of 
preoperative and postoperative IPSS, Qol, PSA, 
Qmax, and PVR.

The qualitative data are expressed as the  
number of cases (percentage). Chi-square tests 

were performed when the the-
oretical frequency was greater 
than 5, such as smoking, drink-
ing, hypertension, T2DM, myo-
cardial infarction, cerebral in- 
farction, oral anticoagulation, 
bleeding conversion to TURP 
transient hematuria transient 
urinary incontinence, and all 
adverse events. The continu-
ous correction chi-square test 
was performed when the theo-
retical frequency was less than 
5 but greater than or equal to 
1, such as for capsule perfora-
tion and conversion to TURP. 
Fisher’s exact probability meth-
od was used when the theoreti-
cal frequency was less than 1, 
such as for blood transfusion, 
clot retention, stricture, retreat-
ment. P<0.05 was considered 
statistically significant.

Results

The average age of the partici-
pants was 69.95±7.78 years, 

and the median preoperative IPSS and QOL 
scores were 23 (20-26) and 5 (4-5), respective-
ly. The preoperative PV was 61.10±24.28 mL, 
and the Qmax and PVR were 6 (4-9) mL/s and 
50 (10-190) mL, respectively. As shown in 
Table 1, the baseline characteristics of the two 
groups were similar.

Comorbidities and medical histories were also 
investigated; there were 80 cases of combined 
hypertension and 38 cases of type 2 diabetes 
mellitus. In addition, 39 patients experienced 
myocardial infarction, and 25 received oral 
anticoagulation. Fifty-three and 30 patients 
had a history of smoking and drinking, respec-
tively. No significant difference in comorbidities 
and medical history was found between the 
perfusion and control groups, indicating the 
comparability of the two groups (Table 2).

All patients with BPH underwent standardized 
PVP surgery, and the total procedure and laser 
times were 62.89±17.43 and 45.09±11.78 
min, respectively. The mean laser energy con-
sumption was 340.97±99.19 kJ, and the laser 
energy density was 3.69±0.80 kJ/mL. During 
the PVP operation, 13 patients experienced 
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Table 3. Intraoperative parameters of the perfusion and con-
trol groups

Variables Perfusion group 
(N=100)

Control group 
(N=100) P-value

Operation time 62.15±16.51 63.63±18.37 0.550
Laser time 44.52±11.07 45.66±12.48 0.495
Laser energy 345.47±101.36 336.47±97.29 0.523
Laser energy density 3.76±0.78 3.63±0.82 0.258
Bleeding 7 (7) 6 (6) 0.774
Capsule perforation 2 (2) 3 (3) 1.000
Conversion to TURP 3 (3) 5 (5) 0.718

bleeding and 5 had capsule perforation. Due to 
bleeding or unclear endoscopic vision, 8 cases 
were converted to TURP method. No statisti-
cally significant between-group differences 
were observed with respect to operation time, 
laser time, laser energy, laser energy density, 
and intraoperative complications (Table 3).

Catheter removal was performed 3-9 days after 
the PVP surgery, and the pain level on catheter 
removal, anxiety level, waiting time, and satis-
faction grade of first urination were compared. 
As shown in Table 4, patients in the perfusion 
group had shorter waiting times [3 (0-4) vs. 15 
(8.75-26) min; P<0.001] and a better satisfac-
tion grade [24 (21.75-26) vs. 23 (20-25); 
P=0.016] of first urination than those in the 
control group. Patients in the perfusion group 
had lower anxiety levels at first urination than 
those in the control group [1 (1-2) vs. 1.5 (1-2); 
P=0.012]; however, the anxiety level before 
PVP surgery did not differ significantly between 
the groups [3 (3-4] vs. 3 (3-4); P=0.140]. 
Urinalysis revealed that the WBC count in the 
perfusion group was significantly lower than 
that in the control group on the day [25.5 
(8-37.75) vs. 43.5 (24.0-64.75); P<0.001] and 
2 weeks [20.5 (11-27) vs. 31.0 (20-42); 
P<0.001] after catheter removal (Table 4).

All postoperative complications that occurred 
during the 6-month follow-up period are sum-
marized in Table 5. Sixteen patients experi-
enced transient hematuria and 17 had tran-
sient urinary incontinence; no true urinary 
incontinence was investigated at the end of 
follow-up. Treatment-related adverse events 
did not differ significantly between the perfu-
sion (n=15) and control (n=20) groups.

At the end of the 6-month follow-up period, 
IPSS [preoperative: 23 (20-26) vs. postopera-

tive: 10 (8-12); P<0.001], QoL 
[preoperative: 5 (4-5) vs. postop-
erative: 2 (1-3); P<0.001], Qmax 
[preoperative: 7 (4-8.25) mL/s vs. 
postoperative: 17 (15-18) mL/s; 
P<0.001], and PVR [preoperative: 
50 (17.5-200) mL/s vs. postoper-
ative: 10 (0-10) mL/s; P<0.001] of 
patients in the perfusion group 
were significantly improved, and 
the PSA level also decreased [pre-
operative: 4.40 (2.09-7.55) ng/
mL vs. postoperative: 1.88 (0.96-

3.14) ng/mL; P<0.001]. There were no statisti-
cally significant differences between the two 
groups, and the clinical outcomes are summa-
rized in Table 6.

Discussion

Although surgical and clinical outcomes of PVP 
have been confirmed worldwide, the time of 
catheter removal after PVP is inconclusive [12], 
and saline perfusion before catheter removal 
has not yet been reported. Patients treated 
with PVP usually require catheterization for 1-9 
days, which is determined by the patient and 
PVP surgery. Over 20% of patients experience 
transient storage symptoms upon catheter re- 
moval, and approximately 5% may experience 
urinary retention due to urethral edema and 
blood clots [13, 14]. Inflammatory secretion 
was produced by the prostate wound and wear-
ing-catheter’s urethra, and accumulated secre-
tion aggravated inflammation, edema, and con-
gestion of the prostate and urethra, which was 
the cause of frequent urination, urgency, hema-
turia, and urinary retention [15, 16]. Posto- 
perative dysuria and urinary retention may 
result in increased bladder pressure, and the 
rate of adverse events, such as acute prostati-
tis and epididymitis, is also increased [17]. 
Patients who undergo urinary retention after 
PVP surgery may experience more negative 
emotions, such as anxiety and fear, which 
induce unnecessary physical and mental health 
effects and economic losses.

Conventional intervention after catheter remov-
al includes encouragement of patients to drink 
more water to enable complete urethral self-
cleaning [18]. However, delayed first voiding 
after surgery and decreased urine output may 
influence the evaluation of first urination after 
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Table 5. Adverse events in the perfusion and control groups
Perfusion group Control group P-value

Transient Hematuria 5 (5) 11 (11) 0.118
Blood transfusion 0 (0) 0 (0) -
Clot retention 0 (0) 1 (1) 1.000
Transient urinary incontinence 9 (9) 8 (8) 0.800
Stricture 1 (1) 0 (0) 1.000
Retreatment 0 (0) 0 (0) -
All adverse events 15 (15) 20 (20) 0.191

Table 4. Urinary catheter removal and first urination of the perfusion and control groups
Variables Perfusion group (N=100) Control group (N=100) P-value
Pain level on catheter removal 2 (1-4) 2 (0.75-3.25) 0.365
Pain level during first urination 2 (0-4) 2 (1-4) 0.330
Anxiety level before PVP surgery 3 (3-4) 3 (3-4) 0.140
Anxiety level before catheter removal 1 (1-2) 1.5 (1-2) 0.012
Waiting time for first urination 3 (0-4) 15 (8.75-26) <0.001
Satisfaction grade of first urination 24 (21.75-26) 23 (20-25) 0.016
White blood cell count of urinalysis 25.5 (8-37.75) 43.5 (24.0-64.75) <0.001
White blood cell count of urinalysis 2 Weeks later 20.5 (11-27) 31.0 (20-42) <0.001

PVP and may also increase patient suffering 
and medical workload. In this study, we irrigat-
ed 200 mL saline [or the maximum capacity 
tolerated (<200 mL)] into the bladder before 
catheter removal in BPH patients treated with 
PVP, and a quick evaluation of first urination 
was performed successfully.

In the present study, we confirm that saline per-
fusion before catheter removal has several 
advantages for patients with BPH who under-
went PVP, including reduced waiting time for 
the first urination [saline perfusion: 3 (0-4) vs. 
control: 15 (8.75-26) min; P<0.001], improv- 
ed patient satisfaction [saline perfusion: 24 
(21.75-26) vs. control: 23 (20-25); P=0.016], 
and lowered anxiety levels regarding first urina-
tion [saline perfusion: 1 (1-2) vs. control: 1.5 
(1-2); P=0.012]. These results are consistent 
with the study by Cheng et al. (2012), which 
reported shortened waiting times for urination 
and recovering time to normal urination, and 
concluded that bladder saline perfusion before 
catheter removal in TURP patients is simple 
and effective for the restoration of normal void-
ing [19].

A study by Kim et al. (2015) found that urinary 
WBC count may have adverse effects on  
treatment outcomes after PVP [20]. We also 

observed a marked decrease 
in urinary WBC count in the 
saline perfusion group [saline 
perfusion: 25.5 (8-37.75) vs. 
control: 43.5 (24.0-64.75); P< 
0.001; after 2 weeks, saline 
perfusion: 20.5 (11-27) vs. con-
trol: 31.0 (20-42); P<0.001]. 
WBC count on urinalysis in the 
perfusion group was signifi-
cantly lower than that in a pre-
vious study [21]. The reason 

may be that the saline rapidly flushed accumu-
lated inflammatory secretions and reduced irri-
tation of the prostate wound and urethra.

In this study, we found no significant difference 
in treatment-related adverse events between 
those with saline perfusion and those without, 
indicating that saline perfusion before catheter 
removal did not increase the risk of complica-
tions. All postoperative adverse events and 
clinical outcomes at the end of the 6-month 
follow-up period were analyzed, and we ob- 
served that patients in the two groups had simi-
lar complication rates and clinical outcomes, 
which indicated that saline perfusion before 
catheter removal did not affect the clinical out-
comes of PVP surgery. These results are con-
sistent with the study by Lai et al. (2019), which 
reported that PVP has equivalent long-term 
IPSS, Qmax, QoL, PVR, and IIEF efficacy with 
fewer complications [22].

This study has some limitations. First, this was 
a retrospective study which has intrinsic limita-
tions. Second, the sample size was relatively 
small, and all patients treated with PVP were 
recruited from one medical center; future mul- 
ticenter studies will strengthen our findings. 
Prospective multicenter trials with large sample 
sizes are required to confirm our conclusion.
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Table 6. Clinical outcomes of patients with BPH treated with PVP
Perfusion group Control group

Preoperative Postoperative P-value Preoperative Postoperative P-value
IPSS 23 (20-26) 10 (8-12) <0.001 23 (20-26) 10 (8-13) <0.001

Preoperative (Perfusion vs. Control): P>0.05 Postoperative (Perfusion vs. Control): P>0.05
Qol 5 (4-5) 2 (1-3) <0.001 5 (4-5) 2 (1-2.25) <0.001

Preoperative (Perfusion vs. Control): P>0.05 Postoperative (Perfusion vs. Control): P>0.05
PSA 4.40 (2.09-7.55) 1.88 (0.96-3.14) <0.001 4.20 (2.12-6.35) 1.80 (0.97-2.66) <0.001

Preoperative (Perfusion vs. Control): P>0.05 Postoperative (Perfusion vs. Control): P>0.05
Qmax 7 (4-8.25) 17 (15-18) <0.001 6 (4-9) 16 (15-19) <0.001

Preoperative (Perfusion vs. Control): P>0.05 Postoperative (Perfusion vs. Control): P>0.05
PVR 50 (17.5-200) 0 (0-10) <0.001 40 (10-155) 0 (0-20) <0.001

Preoperative (Perfusion vs. Control): P>0.05 Postoperative (Perfusion vs. Control): P>0.05

In conclusion, saline perfusion before catheter 
removal in patients treated with PVP could 
shorten the waiting time for the first urina- 
tion, improve patient anxiety and satisfaction, 
and reduce postoperative urinary WBC levels. 
Saline perfusion is a safe, effective, and eco-
nomical intervention that could be clinically 
applied to enhance patient outcomes.
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