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Abstract: Objective: To explore the effects and safety of the flexible vacuum-assisted ureteral access sheath com-
bined with a flexible ureteroscope for the treatment of large renal stones over 3 cm. Methods: In this retrospec-
tive study, 122 patients with kidney stones (stone diameter ≥ 3 cm) admitted to our hospital from January 2018 
to December 2022 were selected as the study subjects. According to different surgical methods, these patients 
were divided into an observation group and a control group, with 61 cases in each group. Patients in the control 
group were treated with the conventional negative pressure-assisted ureteral access sheath combined with flexible 
ureteroscope, while those in the observation group were treated with the flexible vacuum-assisted ureteral access 
sheath combined with flexible ureteroscope. The perioperative indexes, stone-free rate, usage rate of basket extrac-
tion, inflammation level, renal functional indexes, and incidence of postoperative complications were evaluated and 
compared between the two groups. Results: The extubation time, rate of multiple operations, and surgery cost in 
the observation group were significantly less than those of the control group (all P < 0.05), but the operation time 
was longer in the observation group than that of the control group (P < 0.05). The stone-free rate at 3 days after 
surgery in the observation group was higher than that of the control group, while the usage rate of basket extraction 
of the observation group was significantly less than that of the control group (all P < 0.05). The postoperative levels 
of C-reactive protein (CRP) and Interleukin (IL)-6 were significantly lower, while the level of IL-10 was significantly 
higher in the observation group than in the control group (all P < 0.001). The levels of renal functional indexes such 
as CysC, Scr, and KIM-1 in the observation group were lower than those of the control group (all P < 0.05). The total 
incidence of postoperative complications in the observation group was 8.20%, which was lower than 24.59% in the 
control group (P = 0.014). Moreover, postoperative sleep quality was better, and the comfort score was higher in the 
observation group than that of the control group (all P < 0.001). Conclusion: The flexible vacuum-assisted ureteral 
access sheath combined with flexible ureteroscope is effective in the treatment of large renal stones over 3 cm, and 
may improve the perioperative indexes, postoperative sleep quality and comfort, increase the stone-free rate, allevi-
ate the inflammation levels and kidney functional injury, and reduce the incidence of complications. 
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Introduction

Kidney stones are a common urological condi-
tion, and with changes in diet and lifestyle, their 
incidence has been increasing each year, with 
cases appearing at progressively younger ages 
[1, 2]. Kidney stones can cause symptoms such 
as pain and hematuria, and without timely 
treatment, they may lead to kidney atrophy, 
renal failure, and other serious complications, 
harming quality of life [3, 4]. Therefore, early 

and effective removal of stones is essential. 
Currently, surgical treatment is the primary 
approach for patients with kidney stones, with 
ureteral lithotripsy commonly used due to its 
minimal invasiveness, high stone-free rate, and 
other advantages [5, 6]. However, previous 
studies indicate limitations in traditional ure-
teral sheaths, such as their inability to reach 
the junction between the renal pelvis and ureter 
when dealing with large stones, as well as chal-
lenges in maintaining a clear field during stone 
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fragmentation [7]. Additionally, some studies 
report a low initial stone-free rate, with residual 
stone fragments that may require additional 
procedures to achieve a satisfactory outcome 
[8]. These findings highlight a need for improve-
ment in the overall effectiveness of the tradi-
tional ureteral sheath.

With continuous advancements in medical 
technology, the introduction of the flexible vac-
uum-assisted ureteral access sheath offers a 
novel approach for treating patients with large 
renal stones. Research indicates that the flexi-
ble tip of this sheath can bend along with the 
flexible ureteroscope, allowing access to tar-
geted calyceal areas while simultaneously cr- 
ushing and suctioning stones [9]. One study 
also reported that the flexible vacuum-assisted 
ureteral access sheath could improve the one-
time lithotripsy rate [10]. Further studies sug-
gest it achieves better efficacy in patients wi- 
th kidney stones between 2-3 cm [11, 12]. 
However, its effectiveness for treating larger 
stones (≥ 3 cm) remains uncertain, and there 
are limited studies comparing the flexible vacu-
um-assisted sheath with conventional negative 
pressure-assisted ureteral sheaths in treating 
renal stones over 3 cm. In this context, this 
clinical study aims to assess the efficacy and 
safety of the flexible vacuum-assisted ureteral 
access sheath combined with a flexible ure-
teroscope for treating large renal stones, evalu-
ating perioperative metrics, stone-free rates, 
inflammation markers, renal function, and com-
plications. This research is valuable for provid-
ing guidance for treating large renal stones.

Materials and methods

General information

In this retrospective study, patients admitted to 
the department of Urinary Surgery, The First 
People’s Hospital of Jiashan for the large renal 
stones from January 2018 to December 2022 
were included. This study was approved by  
the Ethics Committee of The First Peoplecess 
sheath comJiashan (Approval number: No. 
2021-077).

Inclusion criteria: (1) Patients met the diagnos-
tic criteria for renal stones, with a stone diam-
eter of ≥ 3 cm confirmed by CT scan [13]; (2) 
Patients were classified as American Society of 
Anesthesiologists (ASA) Grade I-II; (3) Patients 

had not received prior treatment for renal st- 
ones before this study; (4) Patients were coop-
erative with study procedures, and clinical data 
were complete. Exclusion criteria: (1) Patients 
with urethral malformations, ureteral stenosis, 
or similar conditions; (2) Patients with abnor-
mal renal anatomical structures, such as med-
ullary sponge kidney or horseshoe kidney; (3) 
Patients with a preoperative urinary tract infec-
tion that could not be controlled; (4) Patients 
with serious systemic diseases affecting surgi-
cal outcomes; (5) Patients with malignant 
tumors or mental health disorders.

A total of 122 patients with large renal stones 
were included in this study based on the inclu-
sion and exclusion criteria, and their clinical 
trial data were retrospectively analyzed. The 
patients were divided into two groups accord-
ing to the surgical method: a control group and 
an observation group, with 61 patients in ea- 
ch group. All patients underwent lithotripsy by  
ureteroscopy; those in the control group were 
treated with a conventional vacuum-assisted 
ureteral access sheath, while patients in the 
observation group received treatment with a 
flexible vacuum-assisted ureteral access she- 
ath.

Methods

All surgeries were performed by the same group 
of surgeons. The treatment in the observation 
group followed a standardized procedure for 
the flexible vacuum-assisted ureteral access 
sheath combined with a flexible ureteroscope. 
(1) All patients underwent general or lumbar 
anesthesia and were positioned in lithotomy. 
An F8/9.8 ureteroscope was inserted into the 
bladder under direct visualization, where a CO- 
OK guidewire was placed in the ureter, allowing 
retrograde insertion of the ureteroscope along 
the guidewire up to the ureteropelvic junction. 
(2) The ureteroscope was withdrawn, and the 
flexible vacuum-assisted ureteral access she- 
ath (Fr11, 36/46 cm) was placed along the 
guidewire. The disposable Pusen ureteroscope 
was then used to examine the renal pelvis and 
calyces to assess stone location and size. (3) 
Using the ureteroscope’s up-and-down bending 
controls, the flexible tip of the vacuum-assisted 
sheath was maneuvered passively until both 
sheath and ureteroscope reached the targeted 
renal calyceal site. (4) Lithotripsy was perfor- 
med using a Lumenis titanium laser (200 μm), 
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with energy parameters set to 1.0-1.2 J and 
20-24 Hz. The perfusion pump pressure was 
set at 120-130 mmHg, with a flow rate of 200-
300 mL/min. During lithotripsy, fine stone frag-
ments were suctioned through the sheath gap, 
while slightly larger fragments were either fur-
ther fragmented and suctioned through repeat-
ed withdrawals and negative pressure suction 
or removed using a basket extractor. The sur-
geons aimed for one-time lithotripsy in each 
operation. (5) After confirming satisfactory st- 
one clearance by means of scope examination, 
a 6F ureteral stent and an 18F triple-lumen 
catheter were left in place. A CT scan of the uri-
nary system was performed three days post-
surgery to confirm the absence of residual 
stones. If stone clearance was confirmed, the 
ureteral and stent tubes were removed.

For patients in the control group, a Veli negative 
pressure suction ureteral sheath (Fr11, 36/46 
cm) was used, positioned at the renal pelvis-
ureter junction during lithotripsy. Stones were 
pulverized as thoroughly as possible, with larg-
er fragments removed using a 2.2F COOK bas-
ket extractor. The remaining procedures were 
identical to those followed for the observation 
group, with ureter and ureteral stent tubes 
removed 2-4 weeks after the operation.

In both groups, additional procedures, such as 
extracorporeal or endoluminal lithotripsy, were 
conducted depending on the size of any residu-
al stones identified in postoperative assess- 
ments.

Outcome measures

(1) Perioperative indexes: Perioperative met-
rics, including operation time, tube removal 
time (ureter or ureteral stent tube), rates of 
additional surgical sessions, hospital stay dura-
tion, and operation cost, were analyzed and 
compared between the control and observa-
tion groups.

(2) Stone-free rate: The stone-free rate was 
assessed at 3 days and 4 weeks post-surgery 
for both groups. Urological CT scans determi- 
ned stone clearance, defined as the absence of 
residual stones or residuals less than 4 mm in 
diameter. Additionally, the utilization rate of 
basket extraction was compared between the 
two groups.

(3) Inflammatory factors: The levels of inflam-
matory markers were measured before surgery 
and at 3 days post-surgery. A 3 mL sample of 
fasting venous blood was collected from each 
patient, and enzyme-linked immunosorbent as- 
say (ELISA) was used to measure levels of 
C-reactive protein (CRP) (Lot number: PC190, 
Beyotime, China), interleukin-6 (IL-6) (Lot num-
ber: PI330, Beyotime, China), and IL-10 (Lot 
number: PI528, Beyotime, China). All assays fol-
lowed the provided kit instructions.

(4) Renal function indexes: Renal function mar- 
kers, including cystatin C (CysC), serum creati-
nine (Scr), and kidney injury molecule-1 (KIM-1), 
were evaluated preoperatively and at 3 days 
post-surgery. Blood samples (4 mL of fasting 
venous blood) were collected, and serum was 
isolated through centrifugation. A fully auto-
mated biochemical analyzer (Type AU5800, 
Beckman Coulter, Inc., USA) was used to assess 
these markers.

(5) Postoperative complications: The incidence 
of complications such as hematuria, fever, pa- 
in, and the formation of stones was compared. 
The overall incidence of postoperative compli-
cations was evaluated between the two groups.

(6) Postoperative sleep quality and comfort: 
One month after surgery, sleep quality and com- 
fort were assessed. Sleep quality was evaluat-
ed with the Pittsburgh Sleep Quality Index 
(PSQI), which includes 7 dimensions and a total 
score range of 0-21, with higher scores indicat-
ing poorer sleep quality. Insomnia symptoms 
and severity were assessed using the Athens 
Insomnia Scale (AIS), with a score of 4-6 sug-
gesting mild insomnia and scores above 6 indi-
cating more severe insomnia. Comfort levels 
were measured using the Bruggrmann Comfo- 
rt Scale (BCS), which ranges from 0 to 4, with 
higher scores indicating greater comfort.

Statistical methods

Data analysis in this study was conducted using 
SPSS software (IBM, USA), version 23.0. Mea- 
sured data were reported as mean ± standard 
deviation (SD). Comparisons between the two 
groups were performed using independent 
samples t-tests, while comparisons within gr- 
oups before and after treatment were analyzed 
using paired t-tests. Counted data were pre-
sented as case/percentage [n (%)] and were 
analyzed between groups using Chi-square te- 
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sts. A p-value of < 0.05 was considered sig- 
nificant.

Results

Comparison of general information

Table 1 shows that there were no significant dif-
ferences between the control and observation 
groups in terms of sex, age, body mass index, 
ASA classification, RUSS scores, CT values of 
stones, maximum stone diameter, number of 
stones, or stone locations (all P > 0.05), indicat-
ing comparability between the groups.

significantly less than those in the control gr- 
oup. Conversely, the operation time in the 
observation group was longer than that in the 
control group, with significant differences ob- 
served, as shown in Table 2.

Comparison of the stone-free rate and the us-
age rate of basket extraction

As shown in Figure 1, the stone-free rate at 3 
days post-surgery in the observation group was 
significantly higher compared to the control 
group, with a notable difference (P < 0.001). 
However, there were no significant differences 

Table 1. Comparison of general information between the two groups [Mean ± SD, n (%)]

Group Observation 
group (n = 61)

Control  
group (n = 61) χ2/t value P value

Gender Male 41 (67.21) 38 (62.30) 0.323 0.570
Female 20 (32.79) 23 (37.70)

Age (years) 52.67 ± 8.48 53.15 ± 8.63 0.310 0.757
BMI (kg/m2) 23.15 ± 2.95 23.20 ± 2.77 0.097 0.923
ASA classification I level 23 (37.70) 26 (42.62) 0.307 0.580

II level 38 (62.30) 35 (57.38)
RUSS scores 4.02 ± 0.56 3.99 ± 0.67 0.268 0.789
CT values of stones (Hu) 986.69 ± 136.07 992.74 ± 105.38 0.275 0.784
Maximum diameter of stones (cm) 3.95 ± 0.40 3.97 ± 0.43 0.266 0.791
Number of stones Single 24 (39.34) 25 (40.98) 0.034 0.853

Multiple 37 (60.66) 36 (59.02)
Location of stones Upper and middle calices 38 (62.30) 40 (65.57) 0.142 0.706

Lower calices 23 (37.70) 21 (34.43)
Note: BMI: body mass index; RUSS: Resurlu-Unsal Stone Score; ASA: American Standards Association; CT: computerized tomography.

Table 2. Comparison of perioperative indexes between the two groups [Mean ± SD, n (%)]

Group Time of  
operation (min)

Extubation 
time (Weeks)

Rates of multiple 
operations [n (%)]

Hospital 
stays (d)

Surgery cost 
(10,000 yuan)

Observation group (n = 61) 98.45 ± 11.61 2.52 ± 0.63 6 (9.84) 3.58 ± 0.67 2.12 ± 0.39
Control group (n = 61) 85.27 ± 9.58 3.83 ± 0.74 17 (27.87) 3.66 ± 0.70 2.47 ± 0.52
χ2/t value 6.839 10.528 6.483 0.645 4.206
P value < 0.001 < 0.001 0.011 0.520 < 0.001

Figure 1. Comparison of the stone-free rate and the usage rate of basket 
extraction between the two groups. ***P < 0.001 vs. control group at 3 days 
after surgery. *P < 0.05 vs. control group.

Comparison of perioperative 
indexes

In terms of hospital stay, there 
were no statistical differences 
between the two groups. How- 
ever, in the observation group, 
the extubation time, rate of 
multiple session operations, 
and surgery cost were 2.52 ± 
0.63 weeks, 9.84%, and 2.12 
± 0.39 ten thousand yuan, 
respectively, all of which were 
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Figure 2. Comparison of inflammatory levels between the two groups. A: CRP 
level; B: IL-6 level; C: IL-10 level; ***P < 0.001 vs. before surgery in the same 
group; ###P < 0.001 vs. after surgery in the control group. Note: CRP: C-
reactive protein; IL-6: Interleukin-6; IL-10: Interleukin-10.

Figure 3. Comparison of renal function indexes between the two groups. A: 
CysC level; B: Scr level; C: KIM-1 level; ***P < 0.001 vs. before surgery in 
the same group; ###P < 0.001 vs. after surgery in the control group. **P < 
0.001 vs. before surgery in the same group; ##P < 0.001 vs. after surgery 
in the control group. Note: CysC: Cystatin C; Scr: Serum creatinine; KIM-1: 
Kidney injury molecule-1.

IL-10 between the control and 
observation groups before tr- 
eatment (P > 0.05). However, 
the levels of CRP and IL-6 
after surgery in the observa-
tion group were significantly 
lower than those in the con-
trol group (all P < 0.001). 
Additionally, the post-surgery 
IL-10 level in the observation 
group was significantly higher 
than that in the control group 
(all P < 0.01).

Comparison of renal func-
tion indexes between the two 
groups

As shown in Figure 3, there 
were no significant differenc-
es in the renal function mark-
ers, including CysC, Scr, or 
KIM-1, between the control 
and observation groups be- 
fore surgery (P > 0.05). After 
surgery, the levels of CysC, 
Scr, and KIM-1 in both groups 
were significantly higher than 
their pre-surgery levels  (all P 
< 0.05). Additionally, the lev-
els of post-surgery CysC, Scr, 
and KIM-1 in the observation 
group were markedly higher 
than those of the control gr- 
oup (all P < 0.05).

Comparison of incidence of 
postoperative complications

As shown in Table 3, in the 
control group, there were th- 
ree cases of hematuria, four 
cases of fever, five cases of 
pain, and three cases of stone 
formation. In contrast, the ob- 
servation group had one pa- 

in the stone-free rate at 4 weeks post-surgery 
between the two groups. Additionally, the utili-
zation rate of basket extraction in the observa-
tion group was significantly lower than in the 
control group (2.17 ± 0.80 vs. 37.7%, P < 0.05).

Comparison of inflammatory factors between 
the two groups

As shown in Figure 2, there were no significant 
differences in the serum levels of CRP, IL-6, and 

tient with hematuria, one patient with fever, 
two patients with pain, and one patient with 
stone formation. The overall incidence of post-
operative complications in the observation 
group was significantly lower than that of the 
control group (8.20% vs. 24.59%, P = 0.014).

Comparison of the sleep quality and comfort

As shown in Figure 4, there were no significant 
differences in the PSQI, AIS, and BCS scores 
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between the control and observation groups 
before treatment (P > 0.05). However, the PSQI 
and AIS scores after surgery in the observation 
group were significantly lower than those of the 
control group (all P < 0.001). Additionally, the 
BCS scores after surgery in the observation 
group were significantly higher than those of 
the control group (P < 0.01).

Discussion

Kidney stones are a common type of urinary 
stone, with symptoms that typically include 
hematuria and pain. As the condition progress-
es, it can lead to urinary tract obstruction, re- 
sulting in complications such as urinary tract 
infections and hydronephrosis. In severe cases, 
kidney stones may even cause loss of renal 
function, making early lithotripsy treatment 
essential for affected patients [14, 15]. Fle- 
xible ureteroscopy has been regarded as the 
best surgical modality for patients with kidney 

ureteroscopy consumable that has gained sig-
nificant attention in recent years. Compared to 
traditional ureteroscopy sheaths, these devic-
es feature negative pressure suction, allowing 
them to effectively remove stone dust during 
laser lithotripsy. This capability helps maintain 
a clear surgical field, thereby improving the 
safety of the procedure [18, 19]. However, the 
head end of standard negative pressure suc-
tion ureteral sheaths can only reach the ure-
teral connection of the renal pelvis, which limits 
their overall negative pressure suction capaci-
ty. As a result, most patients with large-diame-
ter kidney stones typically require two or more 
stages of surgery to achieve a better stone 
removal rate. Unfortunately, the increased nu- 
mber of surgical procedures can exacerbate 
damage to the patient’s body.

The flexible vacuum-assisted ureteral access 
sheath has been developed based on tradition-
al negative pressure ureteral sheaths, featuring 

Table 3. Comparison of incidence of postoperative complications between the two groups [n (%)]
Group Hematuria Fever Pain Formation of stone steps Overall incidence
Observation group (n = 61) 1 (1.64) 1 (1.64) 2 (3.28) 1 (1.64) 4 (8.20)
Control group (n = 61) 3 (4.92) 4 (6.56) 5 (8.20) 3 (4.92) 15 (24.59)
χ2 value 5.980
P value 0.014

Figure 4. Comparison of the sleep quality and comfort between the two 
groups. A: PSQI scores; B: AIS scores; C: BCS scores; ***P < 0.001 vs. be-
fore surgery in the same group; ###P < 0.001 vs. after surgery in the con-
trol group. Note: PSQI: Pittsburgh Sleep Quality Index; AIS: Athens Insomnia 
Scale; BCS: Bruggrmann comfort scale.

stones ≤ 3 cm in diameter. 
However, for patients with la- 
rger stones (≥ 3 cm), the use 
of titanium lasers can damage 
the flexible ureteroscope dur-
ing the procedure due to pro-
longed bending, which may 
impact its normal function 
and increase the operational 
demands on surgeons. Never- 
theless, ongoing research has 
broadened the indications for 
flexible ureteroscopy. Some 
reports indicate that using 
phased operations, negative 
pressure suction lithotripsy 
devices, and high-performan- 
ce lasers can yield better out-
comes for patients with larger 
renal stones undergoing flexi-
ble ureteroscopy [16, 17].

Negative pressure ureteral 
sheaths are a type of flexible 
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a bendable head end within 10 cm and a sparse 
metal support ring that provides adequate sup-
port while bending, with a bending angle reach-
ing up to 160° [20]. Some studies have demon-
strated that the flexible vacuum-assisted uret- 
eral access sheath significantly improves stone 
clearance compared to traditional ureteral she- 
aths and shows promising prospects for clinical 
application [10]. It has also been reported that 
this sheath is particularly effective for treating 
patients with renal stones ≤ 2 cm, especi- 
ally those with lower calyceal stones, resulting  
in higher postoperative stone clearance rates 
[20]. However, there are fewer reports on the 
application of the flexible vacuum-assisted ure-
teral access sheath in patients with larger renal 
stones (≥ 3 cm). A study conducted in China 
used the flexible vacuum-assisted ureteral ac- 
cess sheath in patients with renal stones ≥ 2 
cm, with an average stone diameter of 3.4 ± 
1.64 cm. Their study indicated that the flexible 
vacuum-assisted ureteral access sheath enab- 
led more efficient and safe stone fragmenta-
tion [21]. Another clinical trial reported that ap- 
plying the flexible vacuum-assisted ureteral ac- 
cess sheath in patients with renal stones ≥ 3 
cm resulted in a 72.73% clearance rate in the 
first phase, along with a lower incidence of 
postoperative fever and stone step formation 
[20]. However, there remain relatively few simi-
lar reports.

The results of this study indicated that patients 
on whom the the flexible vacuum-assisted ure-
teral access sheath was used experienced lon-
ger operative times. This extension may be at- 
tributed to the sheath’s ability to achieve more 
effective stone clearance rates intraoperative-
ly, which, to some extent, prolonged the surgi-
cal duration. However, our study also found that 
patients with the flexible vacuum-assisted ure-
teral access sheath had shorter tube removal 
time, fewer multiple surgical sessions, reduced 
hospital stays, and lower surgical costs. Notab- 
ly, the stone clearance rate at 3 days postop-
eratively was 73.77%, suggesting that this 
approach significantly enhances stone clear-
ance efficacy. This effectiveness is primarily 
due to the flexible vacuum-assisted ureteral 
access sheath’s capacity to harness local eddy 
currents during stone removal, facilitating si- 
multaneous stone crushing and suction. Ad- 
ditionally, the perfusion fluid can reflux through 
the gap between the ureteroscope and the 
sheath, increasing negative pressure suction, 

ensuring a clear surgical field, and further en- 
hancing stone fragmentation. This reduces the 
likelihood of patients needing multiple surgical 
sessions, consequently shortening the dura-
tion of tube retention and allowing for earlier 
tube extraction.

Furthermore, regarding costs, the price of the 
traditional negative pressure ureteral sheath is 
comparable to that of the flexible vacuum-as- 
sisted ureteral access sheath, meaning that 
this innovation does not impose an additional 
economic burden on patients. In cases involv-
ing the traditional negative pressure ureteral 
sheath, basket extractions are often necessary 
for stones located in less accessible calyces. In 
contrast, the flexible vacuum-assisted ureteral 
access sheath can better reach target calyces, 
thereby decreasing the reliance on basket ex- 
tractions during the procedure. The study’s 
findings showed that the utilization rate of bas-
ket extractions in the observation group was 
significantly lower than in the control group. 
Additionally, reducing the number of subse-
quent operations can lower the overall surgical 
costs, further alleviating the economic burden 
on patients.

This study demonstrated that the postopera-
tive inflammatory reaction was milder in pati- 
ents using the flexible vacuum-assisted ureter-
al access sheath. This is primarily due to the 
negative pressure suction, which allows for the 
rapid discharge of perfusate through the circu-
lation. This process not only effectively main-
tains stable intra-pelvic pressure but also si- 
multaneously expels bacteria and endotoxins 
during lithotripsy, thereby alleviating the post-
operative inflammatory response. During kid-
ney stone surgery, factors such as surgical 
anesthesia, tracheal intubation, surgical trau-
ma, and organ injuries serve as significant st- 
ressors, triggering a series of oxidative stress 
reactions that can disrupt the balance between 
oxidative and antioxidant systems [22]. Kidney 
function is particularly susceptible to damage 
from trauma, hypoxia, ischemia, and oxidative 
stress. Consequently, enhancing perioperative 
protection of kidney function has gained in- 
creasing attention from clinicians. Selecting re- 
asonable and effective surgical approaches is 
crucial for protecting renal function [23]. In this 
study, serum CysC, Scr, and urinary KIM-1 lev-
els were significantly elevated post-surgery in 
both groups, indicating that ureteroscopic litho-
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tripsy adversely affected renal function during 
treatment. However, the levels of serum CysC, 
Scr, and urine KIM-1 in the observation group 
were lower than those of the control group, sug-
gesting that the flexible vacuum-assisted ure-
teral access sheath caused less organ damage 
and was more beneficial in protecting renal 
function. These findings are consistent with re- 
sults reported in other studies [24].

In terms of complications, the overall incidence 
of postoperative complications, including hema- 
turia, fever, pain, and stone formation, was 
lower in patients receiving the flexible vacuum-
assisted ureteral access sheath compared to 
the control group. The primary reasons for this 
difference are as follows: traditional negative 
pressure ureteral sheaths have a lower one-
time stone removal rate, leading to residual 
small stones in the kidney, which can increase 
the complication rate. Additionally, prolonged 
retention of ureteral stent tubes and catheters 
contributes to complications such as hematu-
ria. In contrast, the flexible vacuum-assisted 
ureteral access sheath can mitigate these 
complications due to its higher one-time stone 
removal rate and shorter retention time for the 
tubes. Another study [25] also indicated that 
the flexible vacuum-assisted ureteral access 
sheath was more effective in reducing compli-
cations. Therefore, the combination of the flex-
ible vacuum-assisted ureteral access sheath 
with flexible ureteroscopy is both safe and 
effective for patients with renal stones measur-
ing ≥ 3 cm.

Kidney stones themselves do not have a direct 
effect on sleep when the condition is stable 
[26]. However, during episodes of kidney stone 
disease, they can cause back pain, nausea, 
vomiting, and even urinary tract irritation, which 
can significantly disrupt sleep quality. This may 
lead to difficulties in falling asleep or shorter 
sleep duration, ultimately impacting the pati- 
ent’s overall quality of life and health [27]. In 
this study, results indicated that the PSQI and 
AIS scores after surgery in the observation 
group were lower than those in the control 
group, while the BCS score in the observation 
group was higher than that in the control group 
(all P < 0.001). The flexible vacuum-assisted 
ureteral access sheath combined with flexible 
ureteroscopy, aims to enhance patients’ quality 
of life by removing stones and alleviating the 
symptoms they cause. Following the successful 

procedure, patients experienced significant 
relief from symptoms such as pain and irrita-
tion caused by the stones, leading to improved 
sleep quality. Specifically, after surgery, pati- 
ents reported less pain, no longer waking up at 
night due to discomfort, and experiencing more 
restful sleep. Additionally, the removal of the 
stones alleviated urinary tract irritation symp-
toms, allowing patients to avoid issues like fre-
quent urination and urgency that disrupt sleep. 
However, it is important to note that the surgery 
itself involves some degree of trauma. Post- 
operatively, patients may experience transient 
discomfort due to surgical trauma and anes-
thesia reactions, which can affect their sleep. 
Typically, this effect is temporary, and patients’ 
sleep quality and comfort gradually improve 
with postoperative recovery and pain manage-
ment. These findings align with previous stud-
ies [28].

However, this study has some limitations, in- 
cluding a small overall sample size and a lack of 
long-term follow-up on recurrence. Future res- 
earch should focus on these aspects to con-
duct more in-depth studies.

In conclusion, compared to traditional ureteral 
sheaths, the flexible vacuum-assisted ureteral 
access sheath combined with flexible ureteros-
copy demonstrates significant benefits in treat-
ing patients with large kidney stones (≥ 3 cm). 
This approach can enhance stone removal 
rates, effectively alleviate postoperative inflam-
matory reactions and renal function injuries, 
and reduce the risk of complications, all while 
offering improved efficacy and safety. 

Disclosure of conflict of interest

None.

Address correspondence to: Jinfeng Zhang, De- 
partment of Urinary Surgery, Jiashan County Chinese 
Medicine Hospital, No. 38, Gujiadai, Weitang Street, 
Jiashan County, Jiaxing 314100, Zhejiang, China. 
Tel: +86-0573-89106776; Fax: +86-0573-8910- 
6776; E-mail: 13757381601@163.com

References

[1] D’Ambrosio V, Moochhala S, Unwin RJ and Fer-
raro PM. Why is diagnosis, investigation, and 
improved management of kidney stone dis-
ease important? Non-pharmacological and 
pharmacological treatments for nephrolithia-

mailto:13757381601@163.com


Treatment of large renal stones

7509 Am J Transl Res 2024;16(12):7501-7510

sis. Expert Rev Clin Pharmacol 2022; 15: 407-
414.

[2] Miller AW, Penniston KL, Fitzpatrick K, Agudelo 
J, Tasian G and Lange D. Mechanisms of the 
intestinal and urinary microbiome in kidney 
stone disease. Nat Rev Urol 2022; 19: 695-
707.

[3] Rudenko T, Kamyshova E and Bobkova I. Kid-
ney stone disease and abdominal aortic calci-
fication: possible relationship and clinical sig-
nificance. Int Urol Nephrol 2022; 54: 3291- 
3292.

[4] Ticinesi A, Nouvenne A and Meschi T. The opti-
mal dietary calcium intake for preventing inci-
dent and recurrent symptomatic kidney stone 
disease. Mayo Clin Proc 2022; 97: 1416-1418.

[5] Bosio A, Alessandria E, Dalmasso E, Agosti S, 
Vitiello F, Vercelli E, Bisconti A and Gontero P. 
Flexible ureterorenoscopy versus shockwave 
lithotripsy for kidney stones </= 2 cm: a ran-
domized controlled trial. Eur Urol Focus 2022; 
8: 1816-1822.

[6] Brevik A, Peta A, Okhunov Z, Afyouni AS, Bhatt 
R, Karani R, Xie L, Arada RB, Limfueco L, Sung 
JM, Jefferson FA, Parkhomenko E, Lama D, 
Safiullah S, Jiang P, Patel RM and Landman J. 
Prospective, randomized comparison of dual-
lumen vs single-lumen flexible ureteroscopes 
in proximal ureteral and renal stone manage-
ment. J Endourol 2022; 36: 921-926.

[7] Zhang Z, Xie T, Li F, Wang X, Liu F, Jiang B, Zou 
X, Zhang G, Yuan Y, Xiao R, Wu G and Qian B. 
Comparison of traditional and novel tip-flexible 
suctioning ureteral access sheath combined 
with flexible ureteroscope to treat unilateral re-
nal calculi. World J Urol 2023; 41: 3619-3627.

[8] Zhu W, Liu S, Cao J, Wang H, Liang H, Jiang K, 
Cui Y, Chai CA, Sahinler EB, Aquino A, Mazzon 
G, Zhong W, Zhao Z, Zhang L, Ding J, Wang Q, 
Wang Y, Chen KW, Liu Y, Choong S, Sarica K 
and Zeng G. Tip bendable suction ureteral ac-
cess sheath versus traditional sheath in retro-
grade intrarenal stone surgery: an internation-
al multicentre, randomized, parallel group, 
superiority study. EClinicalMedicine 2024; 74: 
102724.

[9] Liang H, Liang L, Lin Y, Yu Y, Xu X, Liang Z, 
Sheng J and Shen B. Application of tip-bend-
able ureteral access sheath in flexible uretero-
scopic lithotripsy: an initial experience of 224 
cases. BMC Urol 2023; 23: 175.

[10] Chen Y, Li C, Gao L, Lin L, Zheng L, Ke L, Chen 
J and Kuang R. Novel flexible vacuum-assisted 
ureteral access sheath can actively control in-
trarenal pressure and obtain a complete 
stone-free status. J Endourol 2022; 36: 1143-
1148.

[11] Qian X, Liu C, Hong S, Xu J, Qian C, Zhu J, Wang 
S and Zhang J. Application of suctioning ure-

teral access sheath during flexible ureterosco-
py for renal stones decreases the risk of post-
operative systemic inflammatory response sy- 
ndrome. Int J Clin Pract 2022; 2022: 9354714.

[12] Ventimiglia E, Somani BK and Traxer O. Flexi-
ble ureteroscopy: reuse? Or is single use the 
new direction? Curr Opin Urol 2020; 30: 113-
119.

[13] Cai T, Cocci A, Gacci M, Verze P, Bonkat G, 
Koves B, Wagenlehner F, Bartoletti R and 
Bjerklund Johansen TE. Guidelines in urology: 
lights and shadows. Urologia 2020; 87: 125-
129.

[14] Abraham A, Kavoussi NL, Sui W, Bejan C, Cap-
ra JA and Hsi R. Machine learning prediction of 
kidney stone composition using electronic 
health record-derived features. J Endourol 
2022; 36: 243-250.

[15] Diaz P, Takele RA, Thaker S, Thaker KN, Ballon 
J, Lucas M, Kunitsky K and Scotland KB. Kid-
ney stone surgery: assessing public interest 
and evaluating social media content. J Endou-
rol 2022; 36: 954-960.

[16] Gauhar V, Chew BH, Traxer O, Tailly T, Emiliani 
E, Inoue T, Tiong HC, Chai CA, Lakmichi MA, 
Tanidir Y, Bin Hamri S, Desai D, Biligere S, 
Shrestha A, Soebhali B, Keat WOL, Mohan VC, 
Bhatia TP, Singh A, Saleem M, Gorelov D, 
Gadzhiev N, Pietropaolo A, Galosi AB, Ragoori 
D, Teoh JY, Somani BK and Castellani D. Indi-
cations, preferences, global practice patterns 
and outcomes in retrograde intrarenal surgery 
(RIRS) for renal stones in adults: results from a 
multicenter database of 6669 patients of the 
global FLEXible ureteroscopy outcomes regis-
try (FLEXOR). World J Urol 2023; 41: 567-574.

[17] Ulvik O, Æsøy MS, Juliebo-Jones P, Gjengsto P 
and Beisland C. Thulium fibre laser versus 
holmium:YAG for Ureteroscopic Lithotripsy: 
outcomes from a prospective randomised clin-
ical trial. Eur Urol 2022; 82: 73-79.

[18] Yuen SKK, Traxer O, Wroclawski ML, Gadzhiev 
N, Chai CA, Lim EJ, Giulioni C, De Stefano V, 
Nedbal C, Maggi M, Sarica K, Castellani D, So-
mani B and Gauhar V. Scoping review of ex-
perimental and clinical evidence and its influ-
ence on development of the suction ureteral 
access sheath. Diagnostics (Basel) 2024; 14: 
1034.

[19] Erkoc M, Bozkurt M, Sezgin MA, Ozcan L, Can 
O, Danis E, Polat EC and Otunctemur A. Effica-
cy of aspiration-assisted ureteral access 
sheath (ClearPETRA) in retrograde intrarenal 
surgery. J Laparoendosc Adv Surg Tech A 
2024; 34: 420-424.

[20] Cui D, Ma Q, Xie S, Wang G, Li G and Chen G. 
Comparison of the effectiveness of two ad- 
justable negative pressure ureteral access 
sheaths combined with flex ureteroscopy for 



Treatment of large renal stones

7510 Am J Transl Res 2024;16(12):7501-7510

</= 2 cm renal stones. Sci Rep 2024; 14: 
4745.

[21] Elgebaly O, Abdeldayem H, Idris F, Elrifai A and 
Fahmy A. Antegrade mini-percutaneous flexi-
ble ureteroscopy versus retrograde ureteros-
copy for treating impacted proximal ureteric 
stones of 1-2 cm: a prospective randomised 
study. Arab J Urol 2020; 18: 176-180.

[22] Wang J, Bai Y, Yin S, Cui J, Tang Y, Wang Z, 
Chen B, Li H, Wei W and Wang J. Risk factors 
for deterioration of renal function after percu-
taneous nephrolithotomy in solitary kidney pa-
tients with staghorn calculi. Transl Androl Urol 
2020; 9: 2022-2030.

[23] Shi X, Peng Y, Li L, Li X, Wang Q, Zhang W, Dong 
H, Shen R, Lu C, Liu M, Gao X and Sun Y. Renal 
function changes after percutaneous nephroli-
thotomy in patients with renal calculi with a 
solitary kidney compared to bilateral kidneys. 
BJU Int 2018; 122: 633-638.

[24] Tang QL, Liang P, Ding YF, Zhou XZ and Tao RZ. 
Comparative efficacy between retrograde in-
trarenal surgery with vacuum-assisted ureteral 
access sheath and minimally invasive percuta-
neous nephrolithotomy for 1-2 cm infectious 
upper ureteral stones: a prospective, random-
ized controlled study. Front Surg 2023; 10: 
1200717.

[25] Chen H, Xiao J, Ge J and Liu T. Clinical efficacy 
analysis of tip-flexible suctioning ureteral ac-
cess sheath combined with disposable flexible 
ureteroscope to treat 2-4 cm renal stones. Int 
Urol Nephrol 2024; 56: 3193-3199.

[26] Mei G, Jiang W, Xu W, Wang H, Wang X, Huang 
J and Luo Y. Effect of comfort care on pain de-
gree and nursing satisfaction in patients un-
dergoing kidney stone surgery. Am J Transl Res 
2021; 13: 11993-11998.

[27] Yin S, Wang J, Bai Y, Yang Z, Cui J and Wang J. 
Association between sleep duration and kid-
ney stones in 34 190 American adults: a cross-
sectional analysis of NHANES 2007-2018. 
Sleep Health 2022; 8: 671-677.

[28] Yan B, Yu J, Fang Q, Qiu H, Shen C, Wang J, Li J, 
Huang Y, Dai L, Zhi Y and Li W. Association be-
tween kidney stones and poor sleep factors in 
U.S. adults. Medicine (Baltimore) 2024; 103: 
e38210.


