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RIRS with flexible vacuum-
assisted ureteral access sheath for
large renal stones: a prospective
randomized controlled study

Ye-fei Ding, Tao Lin, Yan Cheng, Guan-li Huang & Yun-bo Ma™*

To observe the efficacy and safety of retrograde intrarenal surgery (RIRS) combined with a flexible
vacuum-assisted ureteral access sheath (FV-UAS) in patients with large renal stones (LRS). A total of
149 patients with LRS were prospectively randomized into two groups: 75 in the FV-UAS group and
74 in the minimally invasive percutaneous nephrolithotomy (MPCNL) group. The primary outcome
was the stone-free rates (SFRs) on the first postoperative day. Secondary endpoints included the
total SFRs 1 month postoperatively, lithotripsy time, hemoglobin reduction, length of postoperative
hospital stay, quality of life (QoL) score improvement, incidence of ureteral stricture at 3 months
postoperatively, and any surgery-related complications. Patient demographics and preoperative
clinical characteristics showed no apparent difference between the two groups (all P>0.05).
Postoperative data revealed a significantly longer lithotripsy time in the FV-UAS group than the
MPCNL group (113.1 vs. 82.5 min, P<0.001). The mean decrease in hemoglobin was significantly lower
in the FV-UAS group than in the MPCNL group (8.2 vs. 17.7 g/L, P<0.001). Similarly, the average
hospital stay was shorter in the FV-UAS group than the MPCNL group (1.7 vs. 5.1d, P<0.001).
Meanwhile, SFRs on the first postoperative day and 1 month postoperatively were statistically similar
between the two groups (P>0.05). QoL improvement was significantly higher in the FV-UAS group
than in the MPCNL group (33.4 vs. 26.9, P<0.001). The difference in ureteral stricture at 3 months
postoperatively was not statistically significant (P>0.05). Notably, the overall rate of postoperative
complications was markedly lower in the FV-UAS group than in the MPCNL group (P <0.05). Our
study showed the safety and feasibility of applying RIRS combined with FV-UAS for LRS treatment,
providing advantages such as high SFRs, minimal trauma, fast recovery, and low incidence of
postoperative complications. It can be used as a clinical treatment alternative for LRS. The protocol
for this study has been accepted by the Chinese Clinical Trial Registry (Ethics approval number:
ChiCTR2200056402; Date of registration: 02-05-2022).

Keywords Flexible vacuum-assisted ureteral access sheath, Retrograde intrarenal surgery, Minimally
invasive percutaneous nephrolithotomy, Large renal stone, Stone-free rates

Urolithiasis is a major global health issue affecting millions of people. The incidence of renal stones varies
significantly worldwide. Reports indicate that changes in diet and lifestyle associated with modernization have
led to an incidence of approximately 10%-15% in developed countries, which continues to increase, particularly
in industrialized nations!. Potential risk factors indicate that renal stones may recur in a significant proportion
of cases, leading to upper urinary tract obstruction and infection-related complications. If these conditions
are not treated promptly, irreversible damage may occur. Symptomatic and obstructive stones require proper
management to achieve complete stone removal, minimize complications, and limit impact on quality of life.
Over the past 30-40 years, renal stone management has evolved from invasive surgical to minimally invasive
methods. Currently, treatment methods for renal stones primarily include extracorporeal shock wave lithotripsy
(ESWL), retrograde intrarenal surgery (RIRS), and percutaneous nephrolithotomy (PCNL)%. PCNL is the
preferred surgical method for treating large renal stones (LRS) (> 2 cm)?. However, the establishment of artificial
puncture access can damage the renal parenchyma and increase the risk of intraoperative and postoperative
complications such as bleeding, infection, and peripheral organ damage®*. While less invasive than PCNL, RIRS
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is limited by the power of flexible ureteroscope (fURS) fibers and the lower efficiency of traditional ureteral
access sheaths (UAS) in stone removal®. The risk of postoperative renal colic, infection, and secondary surgery
significantly increases with stone burden. Therefore, it remains still mostly limited to treating renal stones
smaller than 2 cm®.

The novel flexible vacuum-assisted UAS (FV-UAS) can follow the fURS into the renal pelvises and calyces
to suction and clear stones, substantially improving surgical efficiency’. In recent years, it has been increasingly
applied in clinical practice and has become an effective alternative for treating LRS. Tang QL et al. study
demonstrated that RIRS combined with FV-UAS achieved a high stone-free rate (SFR) and a low complication
rate for treating 2-3 cm upper urinary tract stones’. In another study, for treating 2-3 cm renal stones, FV-UAS
with disposable ureteroscope and 16 F tubeless PCNL both obtained high stone-free rates. The former reduced
the rates of bleeding and hospital stay, and the latter shortened surgery duration®. However, its effectiveness for
treating LRS (= 3 cm) remains uncertain, with few studies evaluating FV-UAS with RIRS in LRS over 3 cm. Thus,
we conducted this prospective study to assess and compare the efficacy and safety of FV-UAS in RIRS versus
minimally invasive PCNL (MPCNL) for patients with LRS (= 3 cm).

Materials and methods

Study design and patients

Patients with LRS referred to our institute between November 2022 and December 2024 were included in this
prospective, randomized controlled study. After applying strict inclusion and exclusion criteria (Table 1), patients
were randomly assigned to treatment groups by using the envelope method. The study ultimately included 149
patients (75 in the FV-UAS group and 74 in the MPCNL group), a number determined by a power analysis
performed to estimate the sample size (Fig. 1). The pretreatment evaluation of participants included medical
history, physical examination, laboratory investigations (i.e., urine analysis, urine culture and/or sensitivity,
complete blood count, blood urea nitrogen, serum levels of creatinine, C-reactive protein, and procalcitonin),
and radiological investigations. Patients with a known urinary tract infection (UTI) received antibiotic
treatment until the infection was controlled. Meanwhile, The study was approved by the clinical research ethics
committee of the Liaocheng People’s Hospital (ethics approval number: 2022-11313). Written informed consent
was obtained from all participants. The study adhered to the principles of the Helsinki Declaration. The original
source of method descriptions was referred to the article by Tang et al.”.

Randomization and masking

Parallel randomization was conducted using a stratified approach according to different surgical methods.
Our center enrolled 149 participants, who were randomized in a 1:1 ratio to either the FV-UAS group or
the MPCNL group. The randomization sequence was electronically generated before patient inclusion.
Consecutively numbered and sealed envelopes were used for random sequence allocation and concealment.
These sealed envelopes were opened by a designated nurse after the patients were subjected to general anesthesia.
Subsequently, the ureteroscope was inserted into the urethra to visualize the specific surgical methods. After the
procedure, the same individual automatically recorded the operative data.

Perioperative and surgical procedures

All patients underwent preoperative imaging, including CT and plain abdominal radiography of the kidneys,
ureters, and bladder (KUB). Imaging was conducted to evaluate hydronephrosis and to assess the size, location,
number, and specific details of the renal stones. Preprocedural urine cultures were performed, and appropriate
antibiotic therapy was administered based on culture-antibiogram test results. Patients with negative urine
cultures received broad-spectrum antibiotics before surgery. Otherwise, procedures were scheduled once
infection indicators exhibited a downward trend and a negative urine culture was confirmed. Stone size was
defined as the largest diameter of a single stone on preoperative non-contrast CT. For multiple stones, refer to the
presence of two or more independent stones in the same renal simultaneously, it was defined as the sum of the
largest diameters. Stone score include stone size (S), tract length (T), obstruction (O), number of involved calices
(N), and essence or stone density (E). It was found to predict treatment success and the risk of perioperative
complications’. For patients with recurrent urinary tract infections and severe renal colic, we often needed to
place ureteral stents before surgery. All procedures were performed by two urologists, each with experience in
more than 200 RIRS or MPCNL procedures annually. The surgical method for enrolled patients was randomly
selected, excluding any subjective bias.

The inclusion criteria The exclusive criteria

Patients’ age was 18 to 70 years Uncontrollable UTI and requires drainage
Diagnosed as large renal stones (>3.0 cm) confirmed by CT Severe cardiovascular and cerebrovascular diseases
No contraindications for surgery Pregnancy or bilateral renal stones

Ability to provide written informed consent and comply with the trial requirements | History of ureteral stenosis

American Society of Anesthesiology score 1-3 Unable to understand or comply with trial records

Table 1. The inclusion criteria and exclusion criteria in the study.
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Enrollment

From November 2022 to December 2024, 167 consecutive patients with large renal stones were
enrolled in this prospective randomized trial to evaluate the efficacy and safety between RIRS with

FV-UAS and MPCNL. Patients were randomly assigned by envelope method.

Allocation

Allocated to FV-UAS group (n=84) - Allocated to MPCNL group (n=83)

Follow-up

Difficult to insert UAS because of severe
ureteral stenosis or distortion (n=6):;
Lost to follow-up or the follow-up time

< 12 weeks (n=5);

Temporary rejection of MPCNL (n=2);
Allergy to anesthetics (n=3)
Lost to follow-up or the follow-up time

< 12 weeks (n=4);

Analysis 1
v
Included in FV-UAS group and Included in MPCNL group and analysed
analysed (n=75). (n=74).

Fig. 1. Flowchart for cases selection of the trial outlining enrollment, randomisation, allocation, follow-up,
and analysis according to intention-to-treat standards. RIRS, Retrograde intrarenal surgery; FV-UAS, Flexible
vacuum-assisted ureteral access sheath; MPCNL, minimally invasive percutaneous nephrolithotomy.

FV-UAS group

Under general anesthesia, patients were positioned lithotomically for retrograde endoscopic access. Ureteroscopy
was performed to assess ureteral condition and estimate the appropriate length of the indwelling FV-UAS for
insertion into the affected renal pelvis. A loach guidewire (0.032 in) (Huamei Medical, Jiangsu, China) was then
introduced to access the upper urinary tract, followed by an 12/14 Fr FV-UAS (length: 35 cm for females; 45
cm for males) (Huamei Medical, Jiangsu, China) placed into the affected upper ureter. The head of the FV-UAS
had a 10 cm long, steel wire-reinforced structure. It could enter the renal pelvis and calyces via the ureteropelvic
junction (UPJ) and passively bend with the fURS. The FV-UAS surface had a hydrophilic lubricating coating,
facilitating entry into the urethra and ureter (Fig. 2). A 7.5-Fr disposable electronic fURS (Pusen Medical,
Guangdong, China) was then inserted through the FV-UAS. Under direct fURS visualization, the sheath in the
upper segment of the ureter was advanced across the UPJ and into the renal pelvis to position the sheath close to
the target stone (Fig. 3). The negative pressure suction device set to 85-100 mmHg was subsequently connected.
The fluid irrigation was set to flow at 60-80 mL/min to maintain a clear surgical field. The electronic fURS
fragmented the renal stones by using a 200 um holmium laser fiber (0.8-1.2J, 25-35 Hz). Larger stone fragments
were aspirated by retracting the fURS, whereas smaller stone fragments were irrigated with lavage fluid through
the gap between the sheath and the fURS. After the procedure, the fURS was reinserted into the collection system
to check for residual stones. The FV-UAS and fURS were removed under direct visualization to document and
evaluate any ureteral injury'®. A 6 Fr double-] stent (Bard, USA) was placed in all patients postoperatively. In
cases where severe ureteral stenosis or distortion impeded FV-UAS insertion, balloon dilation was attempted as
the first approach. If dilation proved infeasible, only a double-J stent was inserted for ureteral expansion.
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Fig. 2. Structural diagrams of the flexible vacuum-assisted ureteral access sheath (FV-UAS).

MPCNL group

Under general anesthesia, the patient was placed in the lithotomy position. A 6 Fr ureteral catheter (Boston
Scientific, USA) was inserted into the ureteropelvic junction of the target ureter. Subsequently, the patient was
turned prone, and the percutaneous tract was punctured under ultrasonographic guidance with an 18 gauge
coaxial needle (Hakko Medical, Japan). Considered an avascular area of the kidney, the posterior middle calyx
was the preferred puncture site, reducing the risk of bleeding. The percutaneous tract was then incrementally
dilated using fascial dilators (Copper Medical, China) up to 18 Fr until fluid efflux confirmed proper placement.
Once the tract was established, a nephroscope (12 Fr; Wolf Medica, German) was introduced to inspect the
collection system and proximal ureter. Stones were fragmented using a pneumatic ballistic (EMS, Swiss). Smaller
stone fragments were washed out through the sheath via retrograde irrigation. Ultrasound was employed
ultimately to verify stone clearance. The second access tracts (18 Fr) were established to achieve the maximum
SER according to the situation of residual stones during surgery. A 6 Fr double-]J stent (Bard, USA) was inserted
into the ureter using a loach guidewire, and nephrostomy tubes (14 Fr) were placed.

Postoperative follow-up

Postoperative monitoring included determining white blood cell count, C-reactive protein, and procalcitonin
levels at 2 h postoperatively to screen for UTIL. Ultra-low-dose CT scans with a section thickness of 1 mm were
performed on all patients on the first postoperative day and 1 month after surgery to evaluate for residual stones.
Patients without significant postoperative discomfort, such as lower back pain or fever, were typically discharged
within 48 h. In addition, all patients underwent stone composition analysis for tailored follow-up and preventive
treatment. All double-J stents were removed at 4 weeks postoperatively.

Stone-free status was defined as no radiological evidence of stone or the presence of asymptomatic fragments
< 2 mm in the urinary system!""!2. The primary study outcome was the SFR on the first postoperative day.
Secondary outcomes included the following: total SFRs 1 month postoperatively (evaluated via ultralow-dose
CT); lithotripsy time; reduction in hemoglobin levels; length of postoperative hospital stay; improvement in
quality of life, as measured by the QoL score; incidence of ureteral stricture at 3 months postoperatively; and any
surgery-related complications.

Lithotripsy time was characterized as the duration from the insertion of stone-broken equipment into the
endoscope to the completion of stent placement. QoL improvement was assessed using the Wisconsin Stone QoL
questionnaire. The improvement score was calculated as the difference between the preoperative and 1-month
postoperative QoL scores'*!*. Monitoring for ureteral strictures after surgery was also prioritized. Patients were
scheduled for an ultrasound 3 months postoperatively. If hydronephrosis worsened relative to preoperative
imaging, additional evaluation via IVU or enhanced CT was performed. Postoperative complications were
classified using the modified Clavien grading system, including fever (= 38.5 “C), hemorrhage, pain, and
urosepsis!®. Patients with residual stones underwent additional auxiliary procedures, such as external physical
vibration lithotripsy, ESWL, or positional therapy as appropriate, at least 4 weeks postoperatively'®!”.

Statistical analysis

Data were statistically analyzed using IBM SPSS Statistics for Windows, Version 22.0 (IBM Corp., Armonk,
NY, USA). Continuous variables are reported as means+standard deviations. The independent-sample t-test
was conducted to compare patient demographics, follow-up data, and surgical outcomes between groups, and
the Shapiro-Wilk test assessed data normality. Categorical variables, including other pre- and postoperative
clinical characteristics, were compared using the chi-squared test. A P value of <0.05 was considered statistically
significant.
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Fig. 3. Simulation diagrams of flexible ureteroscope (fURS) combined with the flexible vacuum-assisted
ureteral access sheath (FV-UAS) for the treatment of large renal stones (LRS).

Results

Demographics and preoperative clinical characteristics

In this study, 149 patients were randomly assigned to either the FV-UAS group (n=75) or the MPCNL group
(n=74). The groups were similar in patient demographics and preoperative clinical characteristics (Table 2).
The mean stone size was 3.5 cm in the FV-UAS group and 3.6 cm in the MPCNL group, with no significant
difference (P=0.233). Moreover, the two groups showed no substantial difference in mean age at diagnosis,
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Variables, mean + SD or 1 (%) FV-UAS group (n=75) | MPCNL group (n=74) | t/x’ value | P value
Age, years 50.1+5.7 48.8+6.1 1.344 0.181
BMI, kg/m? 253+3.9 249+35 0.659 0.511
Gender 0.164 0.685
Male 41 (54.7) 38 (51.4) - -
Female 34 (45.3) 36 (48.6) - -
Hypertension history 32 (42.7) 34 (45.9) 0.162 0.687
Diabetes history 27 (36.0) 23 (31.1) 0.404 0.525
ASA classification 1.291 0.524

1 44 (58.7) 50 (67.6) - -

I 24 (32.0) 19 (25.7) - -

il 7(9.3) 5(6.7) - -
Laterality 0.161 0.688
Left 47 (62.7) 44 (59.5) - -
Right 28 (37.3) 30 (40.5) - -
Stone diameter (cm) 35+0.4 3.6+0.6 - 1.198 0.233
STONE score 8.7+£0.8 89+1.1 -1.271 0.206
Stone distribution 0.251 0.882
Renal calyx stones 12 (16.0) 5(6.8) - -
Renal pelvis stones 10 (13.3) 14 (18.9) - -
Multiple stones 53 (70.7) 55 (74.3) - -
CT value of stone (HU) 951.3+117.7 978.1+109.5 —1.438 0.152
Grade of hydronephrosis 0.993 0.319
None or Mild 59 (78.7) 53 (71.6) - -
Moderate or Severe 16 (21.3) 21(28.4) - -
Urine culture 0.404 0.525
Negative 48 (64.0) 51 (68.9) - -
Positive 27 (36.0) 23 (31.1) - -
Pre-stenting 29 (38.7) 21 (28.4) 1.768 0.184
Upper urinary stone operation histories * | 19 (25.3) 22(29.7) 0.361 0.548

Table 2. Comparisons of patients’ demographics and preoperative clinical characteristics between two groups.
SD =standard deviation; FV-UAS =flexible vacuum-assisted ureteral access sheath; MPCNL = minimally
invasive percutaneous nephrolithotomy; BMI=body mass index; ASA = American Society of Anesthesiologists;
CT =computed tomography. *Upper urinary stone operation histories include flexible ureteroscope lithotripsy,
percutaneous nephrolithotomy or open surgery for stone.

body mass index, sex ratio, history of hypertension and diabetes, American Society of Anesthesiologists (ASA)
classification, laterality, STONE score, stone distribution, stone essence, hydronephrosis grade, urine culture
results, and previous upper urinary stone surgeries (all P>0.05).

Postoperative clinical characteristics

In terms of effectiveness

Differences in postoperative clinical outcomes between the two groups are presented in Table 3. The lithotripsy
time was longer in the FV-UAS group than in the MPCNL group (113.1 vs. 82.5 min, P<0.001). The mean
decrease in hemoglobin was significantly lower in the FV-UAS group than in the MPCNL group (8.2 vs. 17.7 g/L,
P<0.001), indicating reduced blood loss. Similarly, the average hospital stay was shorter in the FV-UAS group
than in the MPCNL group (1.7 vs. 5.1 d, P<0.001). However, SFRs on the first postoperative day and 1 month
postoperatively were equivalent between the two groups (P> 0.05). QoL improvement, determined by the QoL
score, was significantly higher in the FV-UAS group than in the MPCNL group (33.4 vs. 26.9, P<0.001). At 3
months postoperatively, ureteral stricture was observed in three patients from the MPCNL group and in one
patient from the FV-UAS group; no significant difference was found (P> 0.05).

In terms of safety

With regard to postoperative safety, the overall rate of complications was markedly lower in the FV-UAS group
than in the MPCNL group (P <0.05). Incidences of lower back pain and perirenal hematoma revealed notable
significant differences (5.2% vs. 17.6%, P=0.019; 2.6% vs. 14.9%, P=0.008, respectively). In the MPCNL group,
nine patients developed fever, two required blood transfusions, and three developed urosepsis necessitating
antibiotic treatment. These complications showed higher rates in the MPCNL group than in the FV-UAS group;
however, no statistically significant differences were found (all P> 0.05). Stone composition analysis, performed
on all patients after surgery, exhibited no significant differences between the groups (P> 0.05).
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Variables, mean + SD or 1 (%) FV-UAS group (n=75) | MPCNL group (n=74) | t/x* value | P value
Immediately SFR 59 (78.7) 60 (81.1) 0.135 0.713
Total SFR 67 (89.3) 65 (87.8) 0.082 0.774
Lithotripsy time, min 113.1+£6.7 82.5+5.4 30.670 <0.001**
Hemoglobin decrease, g/L 82+33 17.7+2.9 —18.656 | <0.001**
Postoperative hospital stays, days 1.7+0.6 3.1+0.5 —15.462 | <0.001**
Balloon dilatation 8(10.7) - - -
Required second access tracts - 23 (31.1) - -

Qol score improvement 33.4+6.5 26.9+7.1 5.830 <0.001**
3 months ureteral stricture 1(1.3) 3(4.1) 1.055 0.304
Clavien-Dindo 5.655 0.017*
Grade 1 -1I 7(9.3) 16 (21.6) - -

Grade I1I-1V 1(1.3) 3(4.1) - -
Complications

Fever (>38.5°C) (Clavien grade I) 5(6.7) 9(12.2) 1.337 0.247
Low back pain (Clavien grade 1) 4(5.2) 13 (17.6) 5.516 0.019*
Perirenal hematoma (Clavien grade 1I) | 2 (2.6) 11 (14.9) 6.959 0.008**
Blood transfusion (Clavien grade II') 0(0.0) 2(2.7) 2.055 0.152
Urosepsis (Clavien grade V) 1(1.3) 3(4.1) 1.055 0.304
Stone compositions 2.096 0.553
Calcium oxalate 44 (60.0) 42 (54.3) - -
Calcium phosphate 13 (6.3) 8 (6.4) - -
Struvite or carbonated apatite 11 (24.2) 15 (27.6) - -

Uric acid or cysteine 7(9.5) 9(11.7) - -

Table 3. Comparisons of surgical outcomes and postoperative clinical characteristics between two groups.
SD =standard deviation; SFR = stone-free rate; QoL = Quality of life; * P<0.05, **P<0.01.;

Discussion

PCNL remains the gold standard for treating LRS (> 2 cm)?. Its major advantage is providing suitable artificial
access for inserting large-diameter surgical instruments, allowing the removal of larger stone fragments. However,
the creation of access can damage the renal parenchyma and blood vessels, leading to complications such as
bleeding, organ damage, and infection during the perioperative period. Moreover, not all patients are suitable for
PCNL, particularly those with an increased risk of bleeding or limited physical activity'. Consequently, many
patients and urologists opt for RIRS with less damage instead of PCNL for treating renal stones!’.

Despite the rising popularity of RIRS, traditional UAS often struggles to pass through UPJ and is typically
placed 1-2 cm below the renal pelvis outlet. Stone fragments produced by fURS rely on repeated retrieval by a
stone basket and subsequent removal via the sheath; this process limits the effectiveness of stone removal®’. By
contrast, the FV-UAS can enter the renal collection system via the UPJ under fURS guidance. This approach
avoids the influence of UP] on the sheath, allowing for a higher irrigation flow rate, a clearer surgical field, and
lower intrarenal pressure (IRP). Concurrently, the negative pressure suction device can collapse the internal
space of the renal pelvis and calyx, reducing stone displacement during lithotripsy. If necessary, FV-UAS can
also be used to stabilize stones and improve the efficiency of lithotripsy®!. In addition, the FV-UAS can enter
the renal pelvis and calyx, approach target stones, and use a method similar to PCNL to flush stones at close
range. The stones can then be attracted and removed by retracting the fURS without a stone basket, significantly
improving the efficiency of stone removal?2. The current study demonstrates that SFRs on the first postoperative
day and 1 month postoperatively were equivalent between the two groups (P > 0.05). This finding aligns with the
results obtained by Tang QL et al.?.

Stone removal primarily involved the repeated withdrawal of stone fragments via natural channels in the
FV-USA group. The long and narrow diameter of the natural pathway, formed by the ureter and urethra, limited
the passage of stone fragments. This restriction led to lithotripsy time being mainly consumed during stone
removal. The artificial channel established via PCNL offers a shorter path and larger diameter, allowing the quick
passage of larger stone fragments. Thus, the FV-USA group had a significantly longer lithotripsy time than the
MPCNL group (113.1 vs. 82.5 min, P < 0.001). Research indicates that longer lithotripsy time may increase the
probability of ureteral stricture due to the compression of the ureteral sheath in RIRS**. However, the present
study demonstrated no significant difference in ureteral stricture rates at 3 months postoperatively between
the two groups (P > 0.05). Moreover, the FV-UAS group exhibited significantly lower hemoglobin levels and
shorter postoperative hospital stays than the MPCNL group (P < 0.05); this difference reflected the minimally
invasive nature of FV-UAS. The FV-UAS group also markedly exceeded the MPCNL group in postoperative
QoL improvements (P < 0.05).

High IRP during RIRS is a risk factor for infectious complications, such as fever, sepsis, and septic shock?.
In traditional UAS, the lavage fluid must enter the renal collection system via the UP]J, which is relatively narrow
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and can affect intraoperative IRP control. Meanwhile, the mucosa and stone fragments below the UPJ may block
the sheath, leading to high IRP, renal pelvis venous reflux, and the systemic spread of bacteria and endotoxins.
This process can cause fever, sepsis, and even septic shock?. Corrales M et al. found a significantly higher risk
of infection after RIRS than PCNL?>. Reducing perfusion flow can prevent high IRP; however, it inevitably
compromises the surgical field of view and diminishes stone fragmentation efficiency. The FV-UAS can pass
through the UP] with fURS, preventing UP] obstruction and high IRP formation. Through its negative pressure
suction device, bacteria and endotoxins exposed during lithotripsy can be promptly eliminated, reducing the
risk of infection. The present study shows that nine patients developed fever and three had urosepsis in the
MPCNL group; meanwhile, five patients developed fever and one had urosepsis in the FV-UAS group. Using
sensitive antibiotics, all these patients achieved good outcomes. Notably, these differences were not statistically
significant (Both P > 0.05), but the FV-UAS group reported lower incidences of lower back pain and perirenal
hematoma than the MPCNL group (Both P < 0.05). The renal parenchyma injury associated with percutaneous
tract establishment led to the significantly lower overall postoperative complications in the FV-UAS group than
in the MPCNL group (P < 0.05).

However, this study has certain limitations. First, the follow-up period of 3 months may be inadequate to
capture long-term complications such as ureteral strictures, likely affecting the observed outcomes. Second, the
high level of experience in FV-UAS of the surgeons who participated in the trial may limit the generalizability
of the findings to broader clinical settings. Nonetheless, this consistent skill level among surgeons was necessary
to minimize surgeon bias when comparing RIRS and MPCNL outcomes. Finally, as a single-center study with
a modest sample size, it exhibits a potential for sampling error. Optimal procedures will likely emerge from
extended clinical applications and observations over time.

Conclusions

Combining RIRS with FV-UAS for LRS treatment is safe and feasible, presenting advantages such as high SFRs,
minimal trauma, fast recovery, and a low incidence of postoperative complications. This approach can be used
as a clinical treatment alternative for LRS. However, large-scale multicenter prospective studies are necessary to
confirm these findings.

Data availability
The datasets used and analysed during the current study available from the corresponding author on reasonable
request.
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