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Introduction

Benign prostatic hyperplasia (BPH) combined with ureteral 
calculus (UC) is common in middle-aged and older males, 
and its incidence increases with age (1,2). BPH can increase 
the feeling of pressure on the bladder and urethral outlet, 
causing clinical symptoms such as frequent urination, 
urgency, and even incontinence, as well as hematuria (3). 
UC is mainly distributed in the ureteral stenosis, and about 
70% is located in the lower part of the ureter. It can cause 

renal colic, hematuria and frequent urination (4). If the 
stone is obstructed, it can also cause serious complications 
such as hydronephrosis and renal insufficiency. In addition, 
BPH combined with UC impairs patients’ sexual life and 
sexual functioning (5,6).

For BPH treatment combined with UC, transurethral 
resection of the prostate (TURP) and ureteroscopy 
combined with holmium laser lithotripsy are commonly 
used (7,8). The combination of the two treatments can 
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usually achieve better results. TURP uses a ring electrode 
to emit two different waveforms of high-frequency currents 
for cutting and electrocoagulation (9). Compared with 
traditional open surgery, TURP has the advantages of 
less trauma and faster recovery. It can effectively increase 
maximum flow rate (Qmax) by about 162%, reduce 
international prostate symptom score (IPSS) score by 70% 
on average, and reduce post-void residual urine volume 
(PVR) by about 77%. Its shortcomings are incomplete 
gland resection, poor hemostatic effect, intraoperative 
transurethral resection syndrome (TURS), and retrograde 
ejaculation after surgery (10).

Ureteroscopic lithotripsy is the primary method for 
complicated upper ureteral calculi (Figure 1). The ureteroscope 
used can be divided into two types: rigid and flexible. 
The flexible ureteroscope has a flexible body and a small 
tube diameter and is operated with a rigid lens (11). Rigid 
ureteroscopy is also a commonly used surgical procedure. 

Its advantages are convenient operation, better expansion of 
the ureter, and reduced operation time (12). Nowadays, the 
widely used method in clinical practice is flexible and rigid 
ureteroscopy (URS/RIRS) for holmium laser lithotripsy. The 
technique involves the insertion of the ureteroscope into the 
ureter to locate the stones and using the holmium laser to 
break down the stones appropriately (13) (Figure 2).

In the past, simultaneous intracavitary surgery was carried 
out to treat ureteral calculi combined with BPH, and now 
the treatment plan was also used with ureteral rigid and 
flexible mirror holmium laser to crush the calculi. Surgeons 
placed a double-J tube and performed TURP surgery, which 
can reduce the operating time. These approaches improve 
the efficiency of surgery and achieve good results (14). Based 
on previous research, we found that if the surgery sequence 
is adjusted during the period of intracavitary surgery, the 
current TURP surgery and the ureteral rigid and flexible 
mirror holmium lasers may have a better effect. Therefore, 
we collected data on several cases to evaluate a new surgical 
approach, whereby URS/RIRS follows TURP compared 
with previous simultaneous intracavitary surgery (URS/
RIRS followed by TURP). The novelty of this research is 
that we changed the sequence of URS/RIRS and TURP. 
Since previous researches conducted URS/RIRS first and 
then carry out TUPR, we use TURP first and then use 
URS/RIRS. We present the following article in accordance 
with the STROBE reporting checklist (available at https://
dx.doi.org/10.21037/tau-21-523).

Methods

Design of the study

From June 2009 to June 2021, 173 patients with BPH 
and upper urinary tract stones were recruited through 
the Harrison International Peace Hospital. The age of 
the patients ranged from 55 to 86 years old. The primary 
purpose of this study was to explore the primary outcomes, 
including urinary function and secondary outcomes, 
including surgical parameters, between our surgical approach 
(intervention group) and the previous surgical approach 
(control group). The secondary purpose was to evaluate the 
incidence of complications such as postoperative fever and 
urinary tract infection to explore the safety of our surgical 
plan. We also collected demographic data, including age, 
body mass index (BMI), and stone diameter. All procedures 
performed in this study involving human participants were 
in accordance with the Declaration of Helsinki (as revised in 

Figure 1 Ureteroscopy was inserted into the bladder through the 
sheath of the resectoscope.

Figure 2 Observation of prostate gland by electrotomy.
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2013). The study was approved by regional ethics board of 
Hengshui People’s Hospital (No.: HS600325) and informed 
consent was taken from all the patients.

Patients

Case selection criteria followed the 2014 Department of 
Urology guidelines for prostatic hyperplasia operations: 
(I) patients with urinary retention, who cannot urinate 
after removal of the catheter; (II) patients with repeated 
gross hematuria; (III) patients with renal insufficiency; (IV) 
patients with bladder stones; (V) patients with recurrent 
urinary tract infection; (VI) patients with giant bladder 
diverticulum; (VII) the diameter of the upper urinary tract 
stones is less than or equal to 2 cm, and patients’ are older 
than 55 years; and (VIII) no cardiopulmonary disease and 
neurogenic bladder patients.

The exclusion criteria were: (I) congenital malformation 
of ureter; (II) urethral stricture; (III) acute urethritis; (IV) 
patients with severe cardiopulmonary disease; and (V) 
patients with coagulation dysfunction.

Procedures

From June 2009 to March 2016, we selected 73 cases who 
underwent URS/RIRS first and then received TURP for 
inclusion in the control group, and from March 2016 to 
June 2021, 100 patients were selected who underwent 
TURP first and then received URS/RIRS for inclusion 
in the intervention group. In the whole process, patients, 
patients in the intervention group and the control group 
followed the principle of randomization.

For the control group, we carried out the following 
treatment: after administration of anesthesia and routine 
disinfection, an 8.0/8.9 F rigid ureteroscope (Wolf, 
Germany) was inserted into the bladder through the urethra, 
a zebra guidewire was inserted into the ureter using a 
ureteroscope, and the zebra guide wire-guided ureteroscope 
was inserted into the ureter to find the ureteral calculi. A 
Holmium Laser Fiber (Dornier, Germany) was inserted 
into the ureteral calculi through the ureteroscope. We 
gradually broke down the calculi, and then a double-J tube 
was inserted into the ureter. Then, the ureteroscope was 
removed, and a resectoscope (Smir, China) Smir plasma 
resectoscope was placed under direct vision through the 
urethra. The hyperplastic gland was resected up to the 
surgical capsule both clockwise and anticlockwise. Finally, we 
trimmed the tip of the prostate. After sufficient hemostasis, 

the removed tissue was washed out and sent for pathological 
examination. If there was no apparent residual gland, a 
three-way F22 cavity irrigation catheter was placed there.

The intervention group was treated as follows: after 
administration of anesthesia, patients on the operating 
table assumed the lithotomy position. Following TURP, 
the removed tissue was washed out, and we detached the 
handle of the resectoscope. We placed the disposable 
irrigator in the sheath of the resectoscope. An 8.0/8.9 F 
rigid ureteroscope (Wolf, Germany) was placed inside the 
hose, and the bladder was reached through the sheath of the 
resectoscope. The guidewire was inserted into the affected 
ureter, and the stones were crushed with a Holmium 
Laser Fiber (Dornier, Germany). Then a double-J tube 
was inserted into the ureter to remove the stones. The 
ureteroscope was withdrawn, and we inserted the handle 
of the resectoscope once again. The glandular fossa was 
observed until it stopped bleeding entirely. A three-way 
F22 cavity irrigation catheter was placed there to remove 
the stones. If the stone was located in the renal pelvis, the 
zebra guidewire was inserted into the affected side of the 
ureter using a rigid ureteroscope. Under the guidewire 
guidance, the flexible ureteroscope sheath of BOCO 
12/14 F was inserted into the ureteropelvic junction. A 
flexible ureteroscope (Olympus P6) was inserted through a 
flexible ureteroscope sheath. The holmium laser fiber was 
inserted into the stone through the adjustable ureteroscope 
operation channel to crush the stone gradually.

Statistical analysis

Data collection followed the requirements of prospective 
intervention research. Patients were given verbal 
information, including information materials published 
by the Chinese Urology Association. Data relating to 
continuous variables are reported as means ± SD, and 
those on categorical variables as frequencies. SPSS 21.0 
was used for statistical analysis, and student t-tests analyzed 
continuous variables, and non-parameters by Kruskal-
Wallis tests or Mann U Whitney tests. For the categorical 
variables, chi-square and Fisher precision tests were 
conducted. The significance level was set at P<0.05.

Results

Baseline patient characteristics

One hundred and seventy-three patients were enrolled. 
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The intervention group received TURP followed by URS/
RIRS, and the control group received URS/RIRS followed 
by TURP. As shown in Table 1, preoperative age, BMI, and 
average UC diameter of the two groups were comparable, 
and there were no statistically significant differences.

Patient surgical parameters

As shown in Table 2, there were no statistically significant 
differences in the success rate of lithotripsy between the 
intervention and the control group (P>1). The average 
operating time of the intervention group was 113.23±12.54 
vs. 118.52±14.63 minutes in the control group, which is a 
statistically significant difference (P=0.01). The intervention 
group was less than the control group in the success rate 
of lithotripsy. The average hospital stay was 8.28±1.54 
and 9.99±1.22 days in the intervention and control group, 
respectively, indicating a statistically significant difference 
indicating superiority of the intervention group (P=0.01 or 
P<0.01).

Urinary function parameters

Treatment efficacy [IPSS, quality of life (QOL), Qmax, and 
PVR] as the primary outcome and IPSS, QOL, Qmax, and 
PVR at 3 months are listed in Table 3. IPSS, QOL, Qmax, 
and PVR after 3 months showed no significant differences 
between the two groups before and after surgery.

Complication parameters

Complications in the two groups are presented in Table 4. 
The incidence of intraoperative complications, including 
TURS and blood transfusion, were not significantly 
different. Regarding late complications, including fever, 
urinary tract infection, urinary retention, urethral strictures, 
and recurrence, no significant differences were observed 
between the two groups (P>0.05).

Discussion

TURP has become the first choice for endovascular 
surgery to treat BPH based on years of clinical experience. 
Rigid/flexible ureteroscopic holmium laser lithotripsy has 
the advantages of high safety, high success rate, limited 
complications, and little intraoperative bleeding (15,16). 
However, for some patients with pronounced elevation of 
the bladder neck or obvious protruding of the middle lobe 
of the prostate into the bladder, the ureteroscope may not 
successfully insert into the ureter, or it may be difficult to 
ascend after it has been inserted into the ureter and cause 
lithotripsy failure (17,18). In patients with BPH and UC, 
first, the ureteroscope is inserted to crush the upper urinary 
tract stones, and then the double-J tube is indwelled, 
followed by withdrawal of the ureteroscope. The plasma 
resectoscope is used again for TURP, but the frequency 
of plasma resectoscope applied increases. The chance of 

Table 2 Surgical parameters of each study group

Variables Intervention (n=100), mean ± SD Control (n=73), mean ± SD χ2/t value P value

Success of lithotripsy, n (%) 95 (95.00) 70 (95.89) 0.01 1

Operation time (min) 113.23±12.54 118.52±14.63 −2.49 0.01

Length of hospitalization (day) 8.28±1.54 9.99±1.22 −8.14 <0.01

Table 1 Demographic and clinical characteristics of each study group

Variables Intervention (n=100), mean ± SD Control (n=73), mean ± SD t value P value

Age (years) 65±5.32 64±6.21 1.11 0.27

BMI (kg/m²) 24.55±4.32 24.36±4.51 0.29 0.77

Mean ureteral stone diameter (mm) 7.72±2.63 7.25±2.36 1.23 0.22

BMI, body mass index.
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urethral mucosal damage is significantly increased after 
surgery. When the ureteral calculi are crushed, the double-J 
tube is placed before TURP is performed (19,20). There is 
continuous high pressure in the bladder, and the chance of 
the bladder leaking fluid into the renal pelvis retrogradely 
increases. The risk of retrograde infection of the renal pelvis 
is also significantly increased. In addition, persistent high 
pressure in the renal pelvis increases renal dysfunction and 
the risk of bacteremia caused by infection of the renal pelvis 
and urine flowing back into the blood (21,22). Therefore, 
when following this new surgical approach, it is imperative 
to avoid the above risks.

First of all, although this study also applies a resectoscope 

and rigid ureteroscope/flex scope to treat prostate 
hyperplasia and upper urinary tract stones, the sequence 
of surgery is reversed. TURP can change the state of the 
cutting electrode and increase the current generato. At the 
same time, the operating area is clear, and the positioning 
of stone is accurate. It can fully display the anatomical 
position and size of the prostate, and the resection tissue is 
delicate. The prostate apex is accurately trimmed without 
obturator nerve reflexes and other symptoms. In addition, 
the operation is convenient for hemostasis, patients 
recover quickly after the process, injury is minor, and 
most patients tolerate the procedure well. Then, the rigid/
soft ureteroscope is inserted into the ureter through the 

Table 3 Urinary function parameters of each study group before and after surgery

Variables Intervention (n=100), mean ± SD Control (n=73), mean ± SD t value P value

Preoperative

IPSS 25.48±2.65 25.37±3.25 0.24 0.81

QOL 4.82±0.75 4.63±0.74 1.66 0.09

Qmax 6.67±1.88 7.15±2.16 −1.52 0.13

PVR 86.85±21.98 81.82±14.35 1.82 0.07

Postoperative after 3 months

IPSS 5.01±1.95 5.25±1.82 −0.83 0.41

QOL 1.23±0.92 1.35±0.82 −0.90 0.37

Qmax 18.13±2.18 18.72±2.52 −1.61 0.11

PVR 21.38±11.85 22.64±13.25 −0.65 0.52

IPSS, international prostate symptom score; QOL, quality of life; Qmax, maximum flow rate; PVR, post-void residual urine volume.

Table 4 Complications of each study group

Variables Intervention (n=100) Control (n=73) χ2 value P value

Intraoperative complications, n

TURS 1 2 0.08 0.78

Blood transfusion 2 2 0.01 1

Fever 3 7 0.23 0.64

Urinary tract infection 4 5 0.01 1

Postoperative complications, n

Urinary retention 1 1 0.01 1

Urethral strictures 1 2 0.01 1

Recurrence 1 1 0.01 1

TURS, transurethral resection syndrome.
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resection scope sheath, which can effectively avoid the risks 
associated with previous simultaneous surgical methods. 
Secondly, the combined application of a resectoscope and 
rigid/soft ureteroscope in this study can prevent damage to 
the urethral mucosa caused by multiple procedures. The 
treatment of prostate hyperplasia also treats upper urinary 
tract stones, shortens the operating time, reduces surgical 
trauma, decreases the average hospital stay of patients, and 
can effectively reduce patients’ medical expenses. Finally, in 
terms of therapeutic effects, compared with the traditional 
simultaneous surgical approach, the surgical procedure 
used in this study shows no statistically significant 
differences in the success rate of lithotripsy, treatment 
efficiency indicators, and so on. In terms of treatment 
safety, the comparisons of intraoperative complications and 
postoperative complications at 3 months also showed no 
statistically significant differences between the experimental 
and control group.

At present, there are few studies on the combination of 
TURP and rigid/flexible ureteroscopy for BPH with ureteral 
calculi, which means that we cannot compare our results with 
those of other researchers. We hope that more researchers 
will test this protocol in the future. In the surgery process, 
we suggest that if it isn’t accessible to indwelling catheters 
after TURP, and the metal guidewire is usually used first. If it 
doesn’t work, our standard method is to put the zebra guide 
wire into the bladder and then exit the mirror.

In summary, if TURP occurs before URS/RIRS, 
operating and hospitalization times decrease compared with 
URS/RIRS before TURP, thereby saving medical resources 
and expenses. However, there is not much difference 
between the two surgical options in treatment efficacy and 
surgical safety. We believe that TURP followed by URS/
RIRS is a good choice for BPH with UC and that it is a 
surgical approach that deserves further analysis and is worth 
promoting.
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