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Background: Postoperative systemic inflammatory response syndrome (SIRS) remains a key complication after mini-percutaneous
nephrolithotomy (mini-PCNL) and is often related to elevated intrarenal pressure and bacterial translocation. Vacuum-assisted mini-
PCNL (VmPCNL) has been developed to mitigate this risk through active pressure control.

Objective: To evaluate the association between VmPCNL and postoperative SIRS and to identify the independent predictors of SIRS
in a real-world cohort.

Materials and Methods: A retrospective cohort study was conducted of patients undergoing mini-PCNL at a tertiary referral center
between January 2021 and May 2025. Patients were stratified into standard mini-PCNL (SmPCNL) and VmPCNL groups. The
primary endpoint was SIRS within 48 hours post-surgery. Secondary outcomes included operative time, stone-free rate (SFR), and
length of hospital stay (LOS). Multivariable logistic regression was used to identify independent predictors of SIRS.

Results: A total of 136 patients were included in the study (SmPCNL, n = 78; VmPCNL, n = 58). The incidence of postoperative
SIRS was significantly lower in the VmPCNL group (8.6% vs 21.8%, p = 0.036). VmPCNL was also associated with shorter operative
time (median 90 minutes vs 115 minutes, p = 0.038) and reduced LOS (p = 0.012). Stone-free rates were comparable between the
groups, indicating no compromise in procedural efficacy. In the multivariable analysis, VmPCNL was independently associated with
a lower risk of SIRS (adjusted OR [aOR] 0.44, 95% CI 0.19-0.98, p = 0.041), while a positive preoperative urine culture was an
independent risk factor (aOR 2.60, 95% CI 1.01-6.60, p = 0.045).

Conclusion: In this real-world cohort, VmPCNL was associated with a lower SIRS incidence and improved perioperative efficiency
without compromising stone-free outcomes. The mechanism may involve improved intraoperative outflow dynamics through active
suction, although direct measurement of intrarenal pressure is needed to confirm this hypothesis.
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Introduction
Percutaneous nephrolithotomy (PCNL) remains the gold standard for managing renal calculi larger than 2 cm.' While
conventional PCNL achieves high stone-free rates (SFR), it is associated with significant morbidity, including hemor-
rhage and infectious complications.” > Postoperative fever occurs in 21-37% of cases, while systemic inflammatory
response syndrome (SIRS) and sepsis are reported in up to 35% and 9.3% of patients, respectively.®®

A key modifiable intraoperative factor influencing these outcomes is intrarenal pressure (IRP).”'° Elevated intrarenal
pressure may promote pyelovenous and pyelolymphatic backflow, facilitating bacterial and endotoxin translocation into
the systemic circulation and potentially contributing to postoperative SIRS and sepsis.'' '*

Mini-percutaneous nephrolithotomy (mini-PCNL) was developed to mitigate surgical morbidity by utilizing smaller
tract sizes (14-20 Fr).'*'> Although it provides comparable SFR with reduced blood loss and shorter recovery, the
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narrower tract creates a dynamic imbalance between irrigation inflow and outflow, potentially resulting in increased IRP
and a higher risk of infectious complications compared to standard large-tract PCNL.

Vacuum-assisted mini-PCNL (VmPCNL) has been developed to address this limitation. By applying regulated
negative pressure through a suction-enabled access sheath, this technique aims to maintain a stable, low-pressure
environment during stone fragmentation and evacuation. Although preliminary studies have suggested potential perio-
perative advantages of vacuum-assisted systems, direct real-world comparative evidence between VmPCNL and standard
mini-PCNL (SmPCNL), particularly regarding postoperative inflammatory outcomes, remains limited.'® Therefore, this
study aimed to compare the incidence of postoperative SIRS between VmPCNL and SmPCNL and to identify the
independent predictors of postoperative SIRS in a real-world clinical cohort.

Materials and Methods
Study Design and Ethical Considerations

This retrospective cohort study was conducted at a tertiary referral center (Ramathibodi Hospital) and approved by the
Human Research Ethics Committee, Faculty of Medicine Ramathibodi Hospital, Mahidol University (COA No.
MURAZ2025/804). The requirement for informed consent was waived by the ethics committee due to the retrospective
nature of the study and the use of de-identified data. The study was performed in accordance with the principles of the
Declaration of Helsinki, and all patient data were encrypted to ensure confidentiality.

Patient Selection and Data Collection

We identified all consecutive adult patients (> 18 years) who underwent mini-PCNL for renal calculi between
January 2021 and May 2025. Patients with congenital renal anomalies (eg., horseshoe kidney or medullary sponge
kidney), kidney transplant recipients, and those undergoing concurrent surgical procedures were excluded. Additional
exclusion criteria included general contraindications to surgery, pregnancy, skeletal deformities precluding proper
positioning, uncorrectable coagulopathy, pyonephrosis, and uncontrolled upper urinary tract infection.

All patients underwent standardized preoperative evaluation, including a complete blood count, serum biochemistry,
urinalysis, and urine culture. Perioperative antibiotic prophylaxis was administered according to institutional protocol. Patients
with positive preoperative urine cultures received culture-directed antibiotics before surgery until no evidence of active urinary
tract infection remained. Radiologic assessment included kidneys, ureters, and bladder (KUB) radiography and non-contrast
computed tomography of the kidneys, ureters, and bladder (CT KUB) to characterize stone burden and renal anatomy.

Collected variables included age, sex, body mass index (BMI), American Society of Anesthesiologists (ASA)
classification, stone laterality, history of urinary tract infection (UTI), preoperative urine culture results, preoperative
stenting or nephrostomy, stone size, stone multiplicity, Guy’s stone score (GSS), Hounsfield units (HU), presence of
hydronephrosis, and number of access tracts. Perioperative and postoperative variables collected included operative time,
estimated blood loss, transfusion requirement, postoperative SIRS, quick Sequential Organ Failure Assessment (@QSOFA)
positivity, sepsis, SFR, and length of hospital stay (LOS).

Outcome Definitions

The primary outcome was the incidence of postoperative SIRS within 48 hours. SIRS was defined as the presence of at
least two of the following: body temperature < 36°C or > 38°C, heart rate > 90 beats/min, respiratory rate > 20 breaths/
min, or abnormal white blood cell count (> 12,000/mm?, < 4,000/mm?>, or > 10% bands). The SIRS criteria were selected
as an early and sensitive marker of postoperative inflammatory response.

Secondary outcomes included qSOFA positivity (score > 2), defined by altered mental status, systolic blood pressure
< 100 mmHg, or respiratory rate > 22 breaths/min, and sepsis, defined according to the Sepsis-3 criteria.

Operative outcomes included operative time, estimated blood loss, transfusion rate, SFR, and LOS. Stone size was
defined as the maximum diameter; for multiple stones, the sum of the maximum diameters was used. SFR was defined as
no residual fragments or clinically insignificant residual fragments < 4 mm, assessed at 12 weeks using non-contrast
CT KUB.
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Surgical Technique

All procedures were performed by a single experienced surgeon using a standardized operative protocol. The patients
were positioned in the Galdakao-modified supine Valdivia position. Percutaneous renal access was obtained under
fluoroscopic guidance following ureteric catheter placement. Tract dilation was performed using a single-step technique.
After predilation to 12 Fr with fascial dilators, the access sheath was advanced directly into the collecting system in one
pass. The patients were then managed using one of two techniques:

SmPCNL group: A 15/16-Fr metallic sheath (Karl Storz, Germany) was used to allow passive irrigation outflow.

VmPCNL group: A 14/16-Fr ClearPetra disposable nephrostomic sheath (Well Lead Medical Co., China) was
connected to standard hospital wall vacuum suction via a closed suction canister system with an inline adjustable
vacuum regulator. The negative pressure was not quantitatively recorded during the procedure; instead, the suction level
was titrated qualitatively by the operating surgeon according to endoscopic visibility, irrigation outflow, and fragment
clearance, reflecting routine clinical practice.

Irrigation was delivered using a pressure-controlled double-roller pump system (UROMAT E.A.S.I., Karl Storz,
Germany) to maintain adequate visualization while minimizing intrarenal pressure. Laser lithotripsy was performed using
a 120-W holmium laser with a 550-um fiber for stone fragmentation and dusting.

Stone fragments were primarily evacuated using continuous suction, and auxiliary devices, such as baskets, were not
routinely required. At the end of the procedure, a 6-Fr double-J ureteral stent was routinely placed.

Statistical Analysis
Statistical analysis was performed using STATA version 18 (StataCorp, College Station, TX, USA). A two-sided p-value
< 0.05 was considered statistically significant.

Continuous variables were assessed for normality using the Shapiro—Wilk test and compared using Student’s #-test or
the Mann—Whitney U-test, as appropriate. Categorical variables were compared using the chi-square test or Fisher’s
exact test.

The primary outcome was postoperative SIRS within 48 hours. Multivariable logistic regression was performed to
identify the independent predictors of postoperative SIRS. Clinically relevant covariates were selected a priori, including
treatment group, preoperative urine culture status, and operative time. Adjusted odds ratios (aORs) with 95% confidence
intervals (Cls) were reported.

To account for non-randomized treatment allocation, inverse probability of treatment weighting (IPTW) based on the
propensity score was performed as a sensitivity analysis. The propensity score model included age, sex, BMI, ASA
classification, diabetes mellitus, hypertension, dyslipidemia, history of urinary tract infection, positive preoperative urine
culture, previous stone surgery, GSS, stone volume, stone density, stone multiplicity, hydronephrosis, and preoperative
estimated glomerular filtration rate (¢GFR), as presented in Supplementary Table S1. Covariate balance before and after

weighting was assessed using standardized mean differences (SMD), with an SMD < 0.1 considered indicative of
adequate balance. Weighted logistic regression was then used to estimate the association between the treatment group and
postoperative SIRS.

Missing data were minimal and were handled using complete-case analysis.

Results
A total of 136 patients were included in the analysis, comprising 78 patients in the SmPCNL group and 58 patients in the
VmPCNL group.

Baseline characteristics were generally comparable between the groups (Table 1); there were no significant differ-
ences in age, sex, BMI, or ASA classification. Stone-related parameters, including stone size, GSS, stone density, and the
presence of hydronephrosis, were also similar between the groups. Although not statistically significant, the SmPCNL
group had a higher proportion of patients with a history of urinary tract infection and a positive preoperative urine
culture.
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Table | Baseline Characteristics of the Study Population

Variable SmPCNL VmPCNL p-value
(n=178) (n = 58)
Age (years), mean * SD 592 +6.3 60.0 + 6.2 0.470
Male sex, n (%) 37 (47.4) 32 (55.2) 0.383
Laterality, n (%) 0.817
Left 39 (50.0) 28 (48.3)
Right 39 (50.0) 30 (51.7)
BMI (kg/m?), mean + SD 26.0 £55 258 + 49 0.777
ASA classification, n (%) 0.282
Class | 15 (19.2) 8 (13.8)
Class Il 40 (51.3) 28 (48.3)
Class Il 21 (26.9) 20 (34.5)
Class IV 2 (2.6) 2 (34)
Diabetes mellitus, n (%) 6 (7.7) 6 (10.3) 0.581
Hypertension, n (%) 7 (9.0) 6 (10.3) 0.801
Dyslipidemia, n (%) 6 (7.7) 6 (10.3) 0.581
History of UTI, n (%) 9 (I1.5) 3(5.2) 0.236
Positive urine culture, n (%) 13 (16.7) 6 (10.3) 0.304
Preoperative stent, n (%) 2 (2.6) 0 (0.0) 0.500
Previous stone surgery, n (%) 6 (7.7) 6 (10.3) 0.642
Guy’s stone score, n (%) 0.343
Grade | 18 (23.1) 11 (19.0)
Grade Il 32 (41.0) 23 (39.7)
Grade |lI 20 (25.6) 18 (31.0)
Grade IV 8 (10.3) 6 (10.3)
Stone volume (mm?), mean * SD 2640.0 + 950.7 2788.0 + 856.0 0.758
Stone size (mm), mean * SD 25575 262 £ 85 0.727
Stone density (HU), mean * SD 955 + 300 990 + 385 0.561
Multiple stones, n (%) 9 (I1.5) 8 (13.8) 0.421
Hydronephrosis, n (%) 30 (38.5) 23 (39.7) 0.892
Preoperative eGFR (mL/min/1.73 mz), mean + SD 88.5 + 14.2 88.2 + 18.1 0.803

Note: Continuous variables were compared using Student’s t-test or Mann—Whitney U-test, as appropriate. Categorical
variables were compared using the chi-square test or Fisher’s exact test.

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; HU, Hounsfield unit; SmPCNL,
standard mini-percutaneous nephrolithotomy; VmPCNL, vacuum-assisted mini-percutaneous nephrolithotomy; UTI, urin-
ary tract infection; SD, standard deviation.
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Perioperative Outcomes

The VmPCNL group demonstrated significantly shorter operative times compared with the SmPCNL group (median
90 minutes [IQR 65-125] vs 115 minutes [IQR 90-140], p = 0.038). Estimated blood loss and transfusion rates were
comparable between the groups. Stone-free rates were similar (86.2% vs 82.1%, p = 0.384), indicating no compromise in
procedural efficacy. The length of hospital stay was significantly shorter in the VmPCNL group (p = 0.012) (Table 2).

Infection Outcomes
The incidence of postoperative SIRS was significantly lower in the VmPCNL group compared with the SmPCNL group

(8.6% vs 21.8%, p = 0.036). Severe infectious complications were uncommon. qSOFA positivity occurred in 3.8% of
patients in the SmPCNL group and in none of the VmPCNL group (p = 0.154). Only one patient (1.3%) in the SmPCNL
group developed sepsis, with no cases observed in the VmPCNL group (p = 0.391) (Table 2).

Predictors of Postoperative SIRS

In the multivariable logistic regression analysis, VmPCNL was independently associated with a lower risk of post-
operative SIRS (adjusted odds ratio [aOR] 0.44, 95% confidence interval [CI] 0.19-0.98, p = 0.041). A positive
preoperative urine culture was also identified as an independent predictor of SIRS (aOR 2.60, 95% CI 1.01-6.60, p =
0.045). Operative time was not significantly associated with SIRS in the adjusted model (Table 3).

Table 2 Perioperative and Postoperative Outcomes

Outcome SmPCNL (n =78) | VmPCNL (n = 58) | p-value
Operative time (min), median (IQR) 115 [90-140] 90 [65-125] 0.038*
EBL (mL), median (IQR) 60 [50-200] 75 [20-100] 0.821
Transfusion, n (%) 3(3.8) I (1.7) 0.632
SIRS, n (%) 17 (21.8) 5 (8.6) 0.036*
qSOFA 22, n (%) 338 0 (0.0 0.154
Sepsis, n (%) 1 (1.3) 0 (0.0 0.391
Stone-free rate, n (%) 64 (82.1) 50 (86.2) 0.384
Length of stay (days), median (IQR) 3 [3-5] 3 [24] 0.012%

Note: *Statistically significant.Continuous variables were compared using Student’s t-test or Mann—Whitney U-
test, as appropriate. Categorical variables were compared using the chi-square test or Fisher’s exact test.
Abbreviations: EBL, estimated blood loss; IQR, interquartile range; qSOFA, quick Sequential Organ Failure
Assessment; SIRS, systemic inflammatory response syndrome; SmPCNL, standard mini-percutaneous nephrolithot-
omy; VmPCNL, vacuum-assisted mini-percutaneous nephrolithotomy.

Table 3 Multivariable Logistic Regression Analysis for
Postoperative SIRS

Predictor Adjusted OR | 95% ClI | p-value
VmPCNL (vs SmPCNL) 0.44 0.19,0.98 | 0.041*
Positive urine culture 2.60 1.01, 6.60 | 0.045*
Operative time (per min) 1.01 0.99, 1.03 0.208

Note: *Statistically significant.

Abbreviations: Cl, confidence interval; OR, odds ratio; SIRS, systemic inflamma-
tory response syndrome; SmPCNL, standard mini-percutaneous nephrolithotomy;
VmPCNL, vacuum-assisted mini-percutaneous nephrolithotomy.
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Sensitivity Analysis
In the IPTW-adjusted analysis, baseline covariates were well balanced between the groups, with standardized mean
differences < 0.1 for all variables (Supplementary Table S1 and Supplementary Figure S1). The weighted analysis

confirmed the primary findings, with VmPCNL remaining associated with a lower risk of postoperative SIRS (weighted
OR 0.46, 95% CI 0.22-0.96, p = 0.039). The direction and magnitude of the effect were consistent with the primary
multivariable model.

Discussion

In this real-world cohort study, VmPCNL was associated with a significantly lower incidence of postoperative SIRS compared
to SmPCNL, while maintaining comparable SFR. In addition, VmPCNL demonstrated superior perioperative efficiency, as
reflected by shorter operative times and reduced LOS. Collectively, these findings suggest that the incorporation of active
suction into the mini-PCNL workflow may offer meaningful clinical advantages in both the safety and efficiency domains.

The observed reduction in SIRS (8.6% vs 21.8%) is clinically meaningful and consistent with the growing body of
literature highlighting the importance of IRP in the pathogenesis of infectious complications following endourological
procedures. Previous studies have reported SIRS rates ranging from 15% to 35% after conventional PCNL, placing the
outcomes of the SmPCNL group within the expected range, while the substantially lower rate observed in the VmPCNL
group suggests a potential protective effect.!”°

Elevated IRP has been shown to promote pyelovenous and pyelolymphatic backflow, facilitating the systemic
dissemination of bacteria and endotoxins.?'*? In standard mini-PCNL, the relatively small tract size may predispose to
impaired outflow and transient IRP elevation. In contrast, the active suction mechanism in VmPCNL enables the
continuous evacuation of irrigation fluid and stone debris and may contribute to maintaining a lower and more stable
intrarenal pressure environment.”® Although IRP was not directly measured in this study, our findings are consistent with
prior reports suggesting that improved outflow dynamics may reduce inflammatory morbidity.'®

Despite the reduction in SIRS, the incidence of severe infectious complications, such as sepsis, remained low and
comparable between the groups. This is consistent with prior reports demonstrating sepsis rates of approximately 0.3% to
4.7% following PCNL.>** The lack of statistical difference in this outcome is likely attributable to the relatively low
event rate and limited statistical power inherent in single-center cohort studies. Nevertheless, SIRS remains a clinically
relevant endpoint, as it represents an early stage in the inflammatory cascade that may progress to more severe
complications and is associated with increased morbidity and healthcare utilization.?

The identification of a positive preoperative urine culture as an independent predictor of postoperative SIRS is in agreement
with established evidence, which consistently highlights the role of preexisting urinary tract infection in increasing the risk of
postoperative infectious complications.”*?” Importantly, VmPCNL remained independently associated with a lower risk of SIRS
even after adjusting for baseline differences, suggesting that the optimization of intraoperative factors—particularly fluid outflow
and pressure dynamics—may reduce procedural risk beyond standard preoperative measures. Patients with positive preoperative
urine cultures may harbor occult bacterial colonization within the collecting system or stone matrix despite appropriate
antimicrobial treatment, thereby predisposing them to postoperative inflammatory complications. This finding reinforces the
importance of careful preoperative infection control and risk stratification in patients undergoing mini-PCNL.

In addition to its impact on infectious outcomes, VmPCNL demonstrated improved operative efficiency. The shorter
operative time observed in the VmPCNL group is likely attributable to enhanced fragment clearance and improved
endoscopic visualization facilitated by active suction. The suction-assisted access sheath may help mitigate the “snow-
storm effect” caused by stone dust during high-power laser lithotripsy, thereby maintaining a clearer operative field.”* >’
Furthermore, these findings may reflect a functional synergy between suction-assisted outflow and modern laser
lithotripsy techniques, which together may improve procedural efficiency.®'*

From a clinical perspective, the reduction in SIRS and shorter LOS observed in the VmPCNL group may have
important implications for patient outcomes and healthcare resource utilization. Although vacuum-assisted access sheaths
are associated with additional device costs, these may be offset by reductions in postoperative complications and LOS
and the need for intensive monitoring. In high-volume centers, strategies that enhance both procedural safety and
efficiency are particularly valuable.
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Several limitations of this study should be acknowledged. First, the retrospective single-center design introduced
the potential for selection bias, although this was partially mitigated through multivariable adjustment and IPTW
analysis. Second, all procedures were performed by a single experienced surgeon, which may limit the generalizability
to other settings with different levels of expertise. In addition, because vacuum-assisted procedures were introduced
later in the study period, a temporal or learning-curve effect could not be completely excluded. Third, the sample size
and number of SIRS events were relatively limited, and the statistical power should therefore be interpreted
cautiously. Fourth, intrarenal pressure was not directly measured; therefore, the proposed mechanism underlying the
reduction in SIRS remains inferential. Finally, residual confounding from unmeasured variables could not be entirely
excluded.

Notwithstanding these limitations, this study has several notable strengths. It reflects real-world clinical practice,
includes a well-characterized cohort with comprehensive perioperative data, and demonstrates consistent findings across
multiple clinically relevant outcomes. The integration of both clinical and mechanistic perspectives further enhances the
robustness and interpretability of the results.

Future prospective studies incorporating real-time intrarenal pressure monitoring and randomized study designs are
warranted to validate these findings and to further elucidate the physiological mechanisms underlying the benefits of
vacuum-assisted techniques.

Conclusion

In this real-world cohort, VmPCNL was associated with a lower incidence of postoperative SIRS and improved
perioperative efficiency compared with standard mini-PCNL, while maintaining comparable stone-free rates. These
findings suggest that active suction may improve intraoperative outflow dynamics and reduce postoperative inflammatory
morbidity. However, given that intrarenal pressure was not directly measured, prospective studies incorporating real-time
pressure monitoring are warranted to confirm the proposed mechanism.
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