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AIM: This study aims to investigate the effect of a self-made negative pressure suction-assisted device on intrarenal pressure (IRP),
surgical efficiency, and postoperative complications in micro-channel percutaneous nephrolithotomy (mPCNL).
METHODS: This retrospective study included 97 patients with renal calculi who underwent mPCNL at Chongqing Traditional Chinese
Medicine Hospital between January 2023 and August 2025. Patients were divided into two groups: an observation group (n = 50) that
received negative pressure suction-assisted mPCNL and a control group (n = 47) that underwent conventional mPCNL. The baseline char-
acteristics, intraoperative IRP-related parameters, operative time, stone-free rate (SFR), and postoperative complications were compared
between the two groups.
RESULTS: There were no significant differences between groups in baseline characteristics, including gender, age, body mass index
(BMI), and stone parameters (p > 0.05). The mean intraoperative IRP was significantly lower in the observation group than in the
control group (15.71 ± 3.62 mmHg vs. 19.19 ± 5.13 mmHg; p < 0.001). The cumulative duration of high IRP (>30 mmHg) was
significantly shorter in the observation group (16.68 ± 2.59 seconds vs. 24.73 ± 7.53 seconds; p < 0.001). However, both the total
operative time (46.11 ± 18.79 minutes) and lithotripsy/stone extraction time (29.57 ± 14.35 minutes) were significantly shorter in the
observation group than in the control group (54.81 ± 20.78 minutes and 36.98 ± 16.00 minutes, respectively; p < 0.05). Furthermore,
both the initial postoperative SFR (88.00% vs. 87.23%; p > 0.05) and the final SFR (94.00% vs. 95.74%; p > 0.05) did not differ
between groups. There was no significant difference in the incidence of postoperative fever and urosepsis among the groups (p > 0.05).
The decrease in postoperative hemoglobin was also similar between the groups (p = 0.151).
CONCLUSIONS: The self-made negative pressure suction-assisted device during mPCNL can effectively reduce intraoperative IRP,
shorten operative time, and improve surgical efficiency, without increasing the risk of postoperative complications, demonstrating fa-
vorable clinical utility.
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Introduction
Renal calculi are a common urological condition, with their
incidence continuing to increase, posing a significant bur-
den on urinary system health and reducing overall quality
of life [1]. Percutaneous nephrolithotomy (PCNL) is the
primary surgical option for large-volume or complex re-
nal and upper ureteral stones [2]. However, its complica-
tions are still clinically critical, particularly hemorrhage and
infection-related events such as fever, systemic inflamma-
tory response syndrome (SIRS), and, in severe cases, sepsis
with potentially increased mortality [3,4].
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With the shift toward minimally invasive approaches,
micro-channel percutaneous nephrolithotomy (mPCNL)
has become an important supplement or even alternative to
traditional PCNL due to its advantages in reducing renal
parenchymal damage and bleeding risk while maintaining
a high stone-free rate [5,6]. However, miniaturizing the ac-
cess tract leads to new technical challenges. The narrow
working channel may limit the irrigation outflow, which
can increase intrarenal pressure (IRP) during the procedure
[7]. Persistently high IRP is widely recognized as a key de-
terminant of postoperative infectious complications, such
as bacteremia and sepsis [8].

To address this challenge, various intraoperative pressure-
control strategies have been proposed, among which nega-
tive pressure suction has drawn widely attention. In princi-
ple, active suction can efficiently evacuate irrigation fluid
and stone fragments, maintain a lower renal pelvic pressure,
enhance endoscopic visibility, and potentially reduce oper-
ative time. Given these clinical needs, we designed a sim-
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ple, low-cost negative pressure suction-assisted device that
can be connected to a standard peel-away sheath. This ret-
rospective cohort study aims to evaluate the real-world clin-
ical utility of this self-developed device on intraoperative
IRP, surgical efficiency, and perioperative safety in patients
undergoing mPCNL, providing evidence to support further
optimization and broader clinical adoption of this approach.

Methods
Selection of Study Subjects
This study enrolled 97 patients with renal calculi who
underwent mPCNL at Chongqing Traditional Chinese
Medicine Hospital between January 2023 and August 2025.
Patients were assigned to an observation group (n = 50),
who underwent negative pressure suction-assisted mPCNL,
and a control group (n = 47), who received conventional
mPCNL.
Inclusion criteria for patient selection were as follows: ¬

age 20–70 years; ­ unilateral renal calculi, confirmed by
pre-operative non-contrast urinary tract CT, with a max-
imum stone diameter of 2–4 cm; ® underwent mPCNL
in the prone position; ¯ complete clinical data available,
including surgical records, intraoperative IRP monitoring,
postoperative laboratory results, and follow-up informa-
tion; and° patients with positive initial urine cultures, a re-
peat culture became negative after targeted antibiotic treat-
ment.
Exclusion criteria included ¬ patients with American So-
ciety of Anesthesiologists (ASA) physical status classifi-
cation ≥ III; ­ uncorrected coagulation disorders; ® py-
onephrosis or severe acute infection (pre-operative body
temperature ≥38.5 °C, and/or white blood cell count >15
× 109/L); ¯ severe obesity (body mass index (BMI) ≥35
kg/m2); ° bilateral renal calculi requiring simultaneous
treatment;± requirement formultiple tracts;² impaired re-
nal anatomy (transplanted kidney, ectopic kidney, or horse-
shoe kidney); ³ persistent positive initial urine culture
despite appropriate treatment; and ´ incomplete medical
records or loss to follow-up.
This single-center retrospective cohort studywas conducted
in accordance with the ethical principles outlined in the
World Medical Association’s Declaration of Helsinki. The
study protocol was reviewed and approved by the Ethics
Committee of Chongqing Traditional Chinese Medicine
Hospital (Approval No.: 2025-KY-HY-77). Written in-
formed consent was obtained from all participants. All
medical records were de-identified before analysis.

Surgical Protocol
Review of the surgical records revealed that procedures in
both groups were performed by the same team of urologists,
each with over 5 years of experience in mPCNL. Consistent
with a previous study [9], all patients underwent surgery un-
der general anesthesia and received intravenous antibiotics
30 minutes before the procedure. Patients were placed in

the lithotomy position for ureteroscopy, and a 6 Fr ureteral
catheter (catalog number: G14430, Cook Medical, Bloom-
ington, IN, USA) was inserted. They were then turned to
the prone position.
Under ultrasound guidance, the renal calyx was punctured
using an 18 G needle, followed by tract dilation. An 18 Fr
peel-away sheath was inserted, and a ureteroscope was ad-
vanced through the sheath to complete the procedure. For
negative pressure suction-assisted mPCNL, one end of the
self-developed connector was fitted to the peel-away sheath
(Fig. 1), and the other end was connected to a standard sur-
gical suction unit.

Fig. 1. An illustration of a self-developed negative pressure
suction mPCNL device. mPCNL, micro-channel percutaneous
nephrolithotomy.

In the observation group, suction was initiated at 0.02–
0.04 MPa. During lithotripsy, negative pressure was in-
creased to 0.04 MPa to enhance evacuation of fragments;
whereas during calyceal inspection or laser activation, it
was reduced to 0.02 MPa to minimize mucosal injury from
excessive suction. In cases with brisk bleeding or poor en-
doscopic visibility, intermittent suction was used. Suction
settings were adjusted based on real-time IRP readings and
surgical field clarity.
Lithotripsy was conducted using a holmium laser (100 W),
typically set at 2~3 J energy and 20 Hz frequency. At
the end of surgery, an F5 double-J stent (catalog num-
ber: 776624, Bard Medical, Covington, GA, USA), and
a nephrostomy tube was placed in all patients. Retrieved
stone fragments were collected for composition analysis.
Routine postoperative examinations, including complete
blood count, electrolytes, and biochemical indicators, were
performed on return to the ward and again the next morning.
The double-J stent was removed at an outpatient follow-up
visit 2–3 weeks after discharge.
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Outcome Measures and Data Collection
IRP Measurement and Monitoring
Intraoperative IRP was recorded continuously using a stan-
dardized monitoring protocol. After induction of general
anesthesia, and while the patient was in the lithotomy posi-
tion, a 6 Fr ureteral catheter was inserted into the renal col-
lecting system under ureteroscopic guidance. The catheter
was connected through an extension line to a pressure trans-
ducer, which was fixed at the level of the renal pelvis to
ensure a stable reference point throughout the procedure.
The transducer was then connected with a bedside monitor
(measurement range 0–200 mmHg). Zero calibration was
performed before the procedure began to establish the base-
line IRP. During surgery, real‑time IRP was continuously
recorded. The following IRP‑related outcomes were ex-
tracted for analysis: (a) mean intraoperative IRP (mmHg),
(b) the number of patients experiencing high IRP episodes,
defined as IRP >30 mmHg, (c) the cumulative duration
(seconds) spent above the 30 mmHg threshold.

Surgical and Postoperative Outcomes
The following outcome measures were collected from sur-
gical records and postoperative follow-up:
(1) Operative time: it included total operative time, defined
by the interval from the start of renal puncture to comple-
tion of nephrostomy tube placement and lithotripsy/stone
extraction time, defined by the interval from initiation of
holmium laser lithotripsy to complete clearance of stone
fragments.
(2) Stone-free rate (SFR): SFR was assessed by urinary ul-
trasound on postoperative day 1 (initial SFR) and again at
the 1-month follow-up (final SFR). Stone‑free status was
defined as the absence of residual stones or the presence of
only clinically insignificant residual fragments (≤3 mm).
(3) Postoperative complications: these outcomes included
postoperative fever, urosepsis, and hemoglobin decrease.
Urosepsis was defined as sepsis secondary to a urinary tract
infection, diagnosed based on the Sepsis-3 criteria: sus-
pected or confirmed urinary tract infection with an acute
increase of ≥2 points in the Sequential Organ Failure As-
sessment [SOFA] score. Postoperative complications were
graded using the modified Clavien-Dindo classification
system to standardize assessment of adverse event severity
[10].

Statistical Analysis
Data were analyzed using SPSS (version 26.0, IBM Corp.,
Armonk, NY, USA). Normality of continuous variables
was assessed using the Shapiro-Wilk test (p > 0.05). Nor-
mally distributed continuous variables were expressed as
mean ± standard deviation, and between-group compar-
isons were performed using an independent-sample t-test.
Non-normally distributed data were presented as median
(interquartile range) and were analyzed using the Mann-
Whitney U test. Count data (categorical variables) were

reported as number (percentages) [n (%)], and compar-
isons between groups were performed using the χ2 test or
Fisher’s exact test, as appropriate. A p-value of <0.05 was
considered statistically significant.

Results
Comparison of Baseline Characteristics Between Groups
This study included 97 patients in the final analysis: 50 pa-
tients in the observation group and 47 in the control group.
Baseline characteristics were comparable between the two
groups, with no statistically significant differences in gen-
der, age, BMI, comorbidities (hypertension and diabetes),
maximum stone diameter, stone attenuation (HU), or the
rate of positive initial urine culture (p > 0.05), indicating
comparability (Table 1).

Comparison of IRP Between Groups
As shown in Table 2, baseline IRP was measured before
the procedure and was comparable between the two groups:
9.51 ± 2.31 mmHg in the observation group versus 9.48
± 2.35 mmHg in the control group (p = 0.951). During
continuous intraoperative IRP monitoring, the observation
group demonstrated a significantly lower mean IRP (15.71
± 3.62 mmHg) compared to the control group (19.19 ±
5.13 mmHg; p < 0.001).
High IRP (>30mmHg) was observed in 8 out of 50 patients
in the observation group, compared with 16 of 47 patients
in the control group, indicating a statistically significant dif-
ference (p = 0.040). However, the cumulative time spent at
high IRP (IRP>30 mmHg) was significantly shorter in the
observation group (16.68 ± 2.59) than in the control group
(24.73 ± 7.53 seconds, p < 0.001).

Comparison of Operative Time Between Groups
As shown in Table 3, the observation group had a signif-
icantly shorter mean total operative time than the control
group (46.11 ± 18.79 minutes vs. 54.81 ± 20.78 minutes;
p = 0.033). Similarly, the mean lithotripsy time was sub-
stantially lower in the observation group (29.57 ± 14.35
minutes) compared with the control group (36.98 ± 16.00
minutes; p = 0.018).

Comparison of Stone-Free Rate Between Groups
As shown in Table 4, the SFR on postoperative day 1 was
88% (44/50 cases) in the observation group and 87.23%
(41/47 cases) in the control group. Although the SFR was
slightly higher in the observation group, the difference was
not statistically significant (p = 0.909). At 1-month follow-
up, the final SFR, defined as the proportion of patients with
no residual stones or clinically insignificant fragments ≤3
mm, was similarly high in both groups: 94% (47/50 pa-
tients) in the observation group and 95.74% (45/47 cases) in
the control group, with no statistically significant between-
group difference (p = 1.000).



483 Ann. Ital. Chir., 97, 3, 2026

Yuanbin Jiang, et al.

Table 1. Comparison of baseline characteristics between the two groups [mean ± SD, n (%)].
Indicator Control group (n = 47) Observation group (n = 50) p-value

Gender
Male 27 (57.45%) 35 (70.00%)

0.198
Female 20 (42.55%) 15 (30.00%)

Age (years) 44.64 ± 15.09 48.12 ± 14.62 0.251
BMI (kg/m2) 26.27 ± 3.20 26.76 ± 4.02 0.515
Comorbidities

Hypertension 12 (25.53%) 15 (30.00%) 0.624
Diabetes 3 (6.38%) 8 (16.00%) 0.135
Other 7 (14.89%) 12 (24.00%) 0.259

Maximum stone Diameter (mm) 29.31 ± 5.73 31.25 ± 5.90 0.104
Stone attenuation (HU) 987.62 ± 292.58 936.58 ± 315.06 0.411
Positive initial urine culture 10 (21.28%) 12 (24.00%) 0.749
BMI, body mass index.

Table 2. Comparison of intrarenal pressure between the two groups [mean ± SD, n (%)].
Indicator Control group (n = 47) Observation group (n = 50) p-value

Baseline IRP (mmHg) 9.48 ± 2.35 9.51 ± 2.31 0.951
Intraoperative IRP (mmHg) 19.19 ± 5.13 15.71 ± 3.62 <0.001
Number of cases with high IRP (>30 mmHg) 16 (34.04%) 8 (16.00%) 0.040
Duration of high IRP (s) (>30 mmHg) 24.73 ± 7.53 16.68 ± 2.59 <0.001

IRP, intrarenal pressure.

Table 3. Comparison of operative time between the two groups (mean ± SD).
Indicator Control group (n = 47) Observation group (n = 50) p-value

Total operative time (minutes) 54.81 ± 20.78 46.11 ± 18.79 0.033
Lithotripsy/stone removal Time (minutes) 36.98 ± 16.00 29.57 ± 14.35 0.018

Table 4. Comparison of stone-free rates between the two groups [n (%)].
Indicator Control group (n = 47) Observation group (n = 50) p-value

Initial SFR 41 (87.23%) 44 (88.00%) 0.909
Final SFR 45 (95.74%) 47 (94.00%) 1.000

SFR, stone-free rate.

Comparison of Postoperative Outcomes Between Groups

The incidence of postoperative events was uncommon in
both groups. The rates of fever (≥38 °C) and urosepsis were
low and did not differ substantially between the two groups
(p > 0.05). Postoperative hemoglobin reduction was also
comparable between groups: the mean change was 15.59±
6.63 g/L in the observation group and 13.53 ± 7.35 g/L in
the control group, with no statistically significant difference
(p = 0.151). Complication severity, determined using the
Clavien-Dindo classification, was predominantly Grade I–
II in both groups and showed no between-group difference
(p = 1.000). No Grade III or IV complications occurred in
either group (Table 5).

Discussion
This retrospective analyzed 97 patients with renal stone
who underwent mPCNL to systematically evaluate the im-
pact of a self-developed negative pressure suction-assisted

device on intraoperative IRP control, surgical efficiency,
and perioperative safety. Patients in the observation group
had a significantly lower mean intraoperative IRP and
spent less cumulative duration at a high IRP than the con-
trol group. Furthermore, both total operative time and
lithotripsy/stone extraction time were significantly shorter
in the observation group. Notably, SFR and postopera-
tive complication rates were comparable between the two
groups, with no statistically significant differences. These
results validate the practical value of negative pressure suc-
tion in mPCNL, and highlight that the low-cost, self-made
device is clinically feasible for improving pressure manage-
ment and procedural efficiency without limiting efficacy or
safety. It also provides evidence to support further opti-
mization and broader adoption of minimally invasive ap-
proaches for renal stone surgery.
Increased IRP is one of the most critical intraoperative risk
factors during mPCNL. Because the access tract is nar-
row, resistance to irrigation fluid outflow increases, lead-
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Table 5. Comparison of postoperative outcomes between the two groups [mean ± SD, n (%)].
Indicator Control group (n = 47) Observation group (n = 50) p-value

Postoperative fever (n, %) 6 (12.77%) 3 (6.00%) 0.425
Urosepsis (n, %) 2 (4.26%) 1 (2.00%) 0.610
Hemoglobin drop (g/L) 13.53 ± 7.35 15.59 ± 6.63 0.151
Clavien-Dindo grade

Grade I 6 (12.77%) 5 (10.00%)

1.000
Grade II 1 (2.13%) 1 (2.00%)
Grade III 0 0
Grade IV 0 0

ing to pressure accumulation within the renal pelvis [11].
Sustained or repeated high IRP (>30 mmHg) can disrupt
the integrity of the renal collecting system mucosal barrier
[12]. It causes irrigation fluid and potentially existing bac-
teria and toxins to extravasate into the bloodstream via re-
nal veins, lymphatic vessels, or the renal parenchyma, sig-
nificantly increasing the risk of severe postoperative com-
plications such as urosepsis and systemic inflammatory re-
sponse syndrome (SIRS) [13,14]. In our study, the observa-
tion group used a self-developed negative pressure suction
device to actively evacuate irrigation fluid and stone frag-
ments. Hence, the observation group showed a significantly
reduced mean intraoperative IRP than the control group
(15.71± 3.62 mmHg vs. 19.19± 5.13 mmHg; p< 0.001),
and the cumulative duration of high IRP in the observa-
tion group was significantly shorter than that in the control
group (16.68 ± 2.59 vs. 24.73 ± 7.53; p < 0.001). These
results are consistent with Lai et al. [15], who reported
that an 18F negative pressure-assisted access sheath reduces
mean IRP in mPCNL from 17.8± 5.1 mmHg to 10.3± 4.3
mmHg (p < 0.001). Similarly, Xu et al. [16] observed in
20F negative pressure-assisted PCNL that the mean intra-
operative IRP in mid-calyceal puncture cases could be con-
trolled at 8.6± 1.9 mmHg, significantly lower than in con-
ventional surgeries. These findings suggest that negative
pressure suction establishes an active drainage pathway that
breaks the vicious cycle of fluid retention within a miniatur-
ized tract, maintaining a reliable low-pressure environment
in the renal pelvis.
Notably, the number of high IRP events was also less fre-
quent in the observation group (8/50, 16.00%) than in the
control group (16/47, 34.04%), with a statistically signif-
icant difference (p = 0.040). This reduction is consistent
with the decrease in mean IRP and shorter high-pressure
exposure time, further supporting the effectiveness of the
negative pressure suction device in controlling intrarenal
pressure peaks. Furthermore, it highlights the potential of
the device to reduce transient pressure peaks that may in-
crease infection risk. Nonetheless, because IRP is affected
by factors such as stone burden, anatomy, and surgical com-
plexity, larger, multi-center studies would be valuable to
confirm these findings across diverse clinical settings.
The improvement in surgical efficiency was another key
finding in this study. Compared with the control group, the

observation group demonstrated a decrease of 8.7 minutes
in total operative time and 7.41 minutes in lithotripsy/stone
extraction time (both p< 0.05). This advantage stems from
the optimization of the surgical workflow by the negative
pressure suction technology.
In conventional mPCNL, surgeons often need to interrupt
lithotripsy to evacuate fragments using irrigation, flushing,
or mechanical extraction. These repeated pauses can pro-
long the procedure and may increase the risk of tract loss
or renal parenchymal injury, particularly when visibility is
limited by bleeding or debris [17]. In contrast, the self-
made negative pressure device enabled continuous, real-
time removal of irrigation fluid and clear stone fragments,
maintaining a clear surgical field and reducing time spent
on repeated scope positioning and waiting for sufficient
flushing. Furthermore, larger stone fragments can be evac-
uated directly through suction, minimizing the need for ad-
ditional stone retrieval maneuvers. Fan et al. [18] reported
similar findings, indicating that negative pressure-assisted
mPCNL reduced lithotripsy and stone removal time from
50 to 37 minutes, consistent with our findings. Further-
more, shortening operative time has multiple clinical im-
plications. Shorter procedures decrease exposure to general
anesthesia, potentially lowering anesthesia-related compli-
cations, including pulmonary infection and postoperative
cognitive effects. It can also reduce surgeon fatigue, im-
prove surgical precision, and increase operating room ef-
ficiency by elevating case turnover and optimizing medi-
cal resource allocation, which is particularly important in
resource-limited or primary hospital settings.
Stone-free rates were comparable between the two groups.
Neither the initial postoperative SFR (88.00% vs. 87.23%)
nor the final SFR at follow-up (94.00% vs. 95.74%) dif-
fered considerably (p> 0.05), indicating that the self-made
negative pressure suction device improved surgical effi-
ciency without compromising the effectiveness of stone re-
moval. These results align with the findings of Agrawal
et al. [19], who similarly reported that suction-assisted
mPCNL could maintain stone-free rates comparable to con-
ventional surgery while supporting better IRP control. A
possible explanation is that the active drainage during nega-
tive pressure-assisted suction limits fragmentmigration into
remote calyces or down the ureter, thereby preventing a de-
crease in SFR associated with residual fragments. Simulta-
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neously, improved surgical field visibility may help the sur-
geon localize stones more accurately, ensuring more thor-
ough lithotripsy [20]. The patients included in this study
had maximum stones measuring 2–4 cm, representing a
moderate stone burden, suggesting the device provides sta-
ble stone removal within this range. However, its effi-
cacy in larger burden or more complex renal stones, such
as staghorn calculi, requires further exploration. Although
stone recurrence was not assessed in this short-term study,
future investigations should incorporate long-term follow-
up to evaluate recurrence rates, which is crucial for under-
standing sustained clinical benefit.
Perioperative safety is a key indicator when evaluating any
new surgical adjunct. In this study, there were no statistical
differences between the two groups in the incidence of post-
operative fever, urosepsis, or the amount of hemoglobin
drop (p> 0.05). Furthermore, complications in both groups
were predominantly mild (Clavien-Dindo grade I–II), and
no severe adverse events occurred, supporting the over-
all safety of self-made negative pressure suction-assisted
mPCNL. In principle, although negative pressure suction
might reduce the risk of infectious complications by low-
ering IRP, infection-related complications in the observa-
tion group showed only a slight decreasing trend (fever: 6%
vs. 13%; urosepsis: 2% vs. 4%), without reaching statis-
tical significance. These outcomes may be due to several
factors. First, this study included only patients with pos-
itive initial urine cultures that turned negative after treat-
ment, excluding those with severe pre-operative infection,
thereby lowering the baseline risk of postoperative infec-
tion. Second, the relatively limited sample size (97 cases)
may lack sufficient statistical power to detect modest differ-
ences in relatively infrequent complications. Third, even in
conventional mPCNL, surgeons can partially control IRP
by managing irrigation pressure and intermittently venting
the tract, potentially narrowing the observable gap between
groups.
A meta-analysis by Zhou et al. [21] reported that a cumu-
lative duration of IRP >30 mmHg exceeding 20 seconds
is an independent risk factor for postoperative infectious
complications. In our study, the high-IRP exposure time
was significantly shorter in the observation group (16.68±
2.59 seconds), with a statistically significant difference and
clinical implications for reducing the risk of severe infec-
tions. This observation requires further validation through
larger samples and adequately powered studies. Finally, the
lack of difference in hemoglobin decline between groups
indicates that negative pressure suction did not increase in-
traoperative bleeding risk. This is likely related to the fact
that the device does not alter tract caliber and that suction
settings were applied in a controlled manner within a stan-
dardized surgical technique, avoiding mucosal or vascular
injury from excessive negative pressure.
The innovation of this study is the development of a simple,
low-cost negative pressure suction-assisted device. This

device can be fitted directly onto a standard 18 Fr peel-
away sheath without modifying existing surgical instru-
ments. Suction intensity can be adjusted flexibly within
0.02–0.04 MPa to match different intraoperative scenarios.
Compared with commercially available negative pressure
access sheaths, the self-made device uses readily accessi-
ble materials, is simple to assemble, and may potentially
significantly reduce upfront capital costs for medical insti-
tutions. Its preliminary economic benefit likely extends be-
yond the minimal material cost, as shorter operative times,
which may lead to indirect savings through reduced anes-
thesia exposure and operating room utilization, while also
minimizing the recurring costs of proprietary disposable
sheaths. However, this study did not conduct a formal cost-
effectiveness assessment against commercial systems. Fur-
thermore, it did not evaluate whether outcomes differ by
surgeon experience level, especially among junior physi-
cians, and the learning curve associated with adopting the
device remains unclear.
This study has several limitations that should be ac-
knowledged. First, the single-center, retrospective, non-
randomized design introduces potential selection bias. In
routine practice, surgeons may have been more likely to
use the negative pressure device in cases perceived as be-
ing technically more challenging (for example, larger or
higher-density stones). Even though baseline characteris-
tics are comparable, this type of case selection can still in-
fluence outcomes and limit causal inferences regarding ef-
ficacy. Second, the sample size was relatively small (97
cases), and postoperative complication events were infre-
quent. Consequently, the analysis may be statistically un-
derpowered to detect small but clinically relevant differ-
ences in complication rates, potentially leading to a Type
II error. Third, the inclusion criteria focused on unilateral
stones measuring 2–4 cm, excluding more complex sce-
narios such as staghorn calculi, multi-tract procedures, and
atypical renal anatomies. Thus, the findings may not be
generalizable to patients with higher stone burden or more
challenging surgical anatomy. Fourth, the follow-up pe-
riod was limited to 1 month and primarily captured short-
term perioperative outcomes. Long-term outcomes, includ-
ing kidney function, stone recurrence, and delayed chronic
complications, were not evaluated, which limits our obser-
vations about persistent efficacy and safety. Fifth, the neg-
ative pressure range (0.02–0.04 MPa) was selected empiri-
cally; optimal suction parametersmay vary by stone charac-
teristics, bleeding, and renal anatomy and should be investi-
gated in future studies. Finally, because the self-developed
device was not directly compared with commercially avail-
able negative pressure systems, its relative performance and
cost-effectiveness cannot be fully established from the cur-
rent data.
Based on these findings and the study’s limitations, several
priorities emerge for future research. First, multi-center,
large-sample randomized controlled trials (RCTs) are re-
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quired to provide robust evidence, minimize selection bias,
and rigorously confirm the efficacy and safety of the self-
made negative pressure device. Such trials should also
include predetermined subgroup analyses across different
stone burdens, stone compositions/densities and anatomi-
cal variations. Second, future studies should develop and
test an individualized suction protocol, defining how neg-
ative pressure settings should be adjusted according to the
operative phase, bleeding, visibility and real-time IRP pat-
terns. Third, extended follow-up is critical to assess long-
term outcomes beyond the perioperative period, such as
stone recurrence rates, renal function preservation, and the
need for secondary interventions, which indicate long-term
clinical relevance. Fourth, optimizing device design and
conducting a formal, comprehensive cost-effective analy-
sis comparing the self-made device with commercial al-
ternatives, accounting for material costs, training require-
ments, maintenance, and potential savings linked to im-
proved outcomes. Finally, studies involving more complex
stone cases and directly compare self-develop device with
established commercial suction systems would help eluci-
date relative performance and define the most appropriate
indications, providing more precise guidance for technol-
ogy adoption.

Conclusions
The self-made negative pressure suction-assisted device
can be a safe and effective adjunct for mPCNL, signifi-
cantly reducing intraoperative IRP and improving surgical
efficiency without affecting stone-free rates or increasing
postoperative complications. Utilizing existing medical re-
sources for modification, the approach is low-cost, simple
to operate, and highly feasible for wider adoption, particu-
larly in primary or resource-limited hospitals to optimize
mPCNL. Although the retrospective design limits causal
interpretation, the results still provide meaningful clinical
evidence supporting the value of negative pressure suction
for intraoperative pressure control. Future studies should
prioritize large-scale RCTs and technological innovation to
support individualized pressure-management strategies, ul-
timately improving outcomes and enhancing safety in min-
imally invasive urologic surgery.
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