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Abstract: Background: Standard flexible ureteroscopy lithotripsy (FURL) for upper urinary tract infectious stones
carries risks of high intrarenal pressure (IPP) and postoperative infection. We evaluated whether an intelligent
pressure-guided system improves outcomes. Methods: This retrospective study included 269 patients with upper
urinary tract infectious stones that were received by the First Hospital of Hebei Medical University from May 2022 to
December 2025. Patients were divided into the Standard Group (n = 142, standard FURL) and the Intelligent Group
(n = 127, intelligent pressure-guided FURL). Primary outcomes were stone-free rate (SFR) at postoperative day 1,
1, and 3 months, during key procedural stages, and complications. Secondary outcomes included operative time,
hospital stay, renal function, and inflammatory markers. Results: The Intelligent Group achieved significantly higher
SFRs atday 1 (87.40% vs. 73.24%, P = 0.004) and month 1 (93.70% vs. 81.69%, P = 0.003). Operative time (52.62
vs. 66.35 minutes, P < 0.001) and hospital stay (3.94 vs. 5.27 days, P < 0.001) were shorter. Mean IPP during litho-
tripsy was lower in the Intelligent Group. Postoperative elevations in renal function and inflammatory markers were
attenuated (all P < 0.05). Postoperative fever was lower (4.72% vs. 16.90%, P = 0.002). Conclusions: Intelligent
pressure-guided FURL improves stone clearance, shortens convalescence, and reduces infectious complications

compared to standard FURL for upper urinary tract infectious stones.
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Introduction

Upper urinary tract infectious stones, primarily
composed of struvite and carbonate apatite,
represent a distinct clinical entity driven by ure-
ase-producing bacterial pathogens. These cal-
culi are associated with recurrent urinary tract
infections (UTIs), progressive renal functional
impairment, and an elevated risk of urosepsis.
Definitive management necessitates not only
complete stone clearance to eradicate the
nidus of infection but also the minimization of
iatrogenic renal injury during intervention [1, 2].

In this context, flexible ureteroscopy lithotripsy
(FURL) has become a preferred minimally inva-
sive modality for the treatment of upper urinary
tract calculi due to its favorable safety profile
compared to percutaneous nephrolithotomy.

However, the application of standard FURL in
the setting of infectious stones introduces
unique intraoperative challenges [3]. The con-
tinuous irrigation required to maintain endo-
scopic visualization inevitably elevates intrare-
nal pelvic pressure (IPP). In the setting of bacte-
rial colonization or pre-existing pyelovenous
backflow, elevated IPP facilitates the syste-
mic translocation of bacterial endotoxins and
inflammatory mediators, thereby heightening
the susceptibility to postoperative systemic
inflammatory response syndrome (SIRS) and
urosepsis [4-6]. Furthermore, the limited out-
flow channel inherent to conventional ureteral
access sheaths compromises surgical visibility
during active bleeding or stone dust accumula-
tion, which may prolong operative duration and
compromise the achievement of a definitive
stone-free state [7, 8].
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The control of IPP has therefore emerged as a
pivotal factor in enhancing the safety profile of
FURL for infectious stones. Recognizing the
limitations of passive fluid egress, technologi-
cal advancements have integrated real-time
pressure monitoring and active negative-pres-
sure aspiration into the ureteroscopic platform.
Intelligent pressure-guided FURL employs a
dedicated pressure-measuring ureteral access
sheath coupled with an automated irrigation-
suction console [9, 10]. This closed-loop sys-
tem continuously monitors renal pelvic pres-
sure and dynamically adjusts the irrigation
inflow and vacuum suction outflow to maintain
IPP within a predefined, physiologically safe
range. By simultaneously aspirating irrigation
fluid and stone fragments, the system is posit-
ed to maintain a clearer endoscopic field and
mitigate the cyclical pressure spikes typically
observed during manual syringe irrigation or
holmium laser activation. The potential clini-
cal benefits of this approach-namely, reduc-
ed postoperative infectious complications, im-
proved immediate stone-free rates, and preser-
vation of renal function-have garnered increas-
ing interest in the urological community [11,
12].

While the feasibility and general safety of intel-
ligent pressure-guided FURL have been de-
scribed in previous cohorts with mixed stone
compositions, a dedicated comparative analy-
sis focusing specifically on the high-risk sub-
group of patients with upper urinary tract in-
fectious stones remains limited. The distinct
pathophysiological milieu of infection stones-
characterized by fragile, purulent mucosa and
a higher bacterial bioburden-demands a more
rigorous evaluation of this technology’s ability
to mitigate pressure-related morbidity and
enhance stone evacuation efficiency [13]. This
study therefore aimed to retrospectively com-
pare the clinical outcomes of intelligent pres-
sure-guided FURL versus standard FURL in
patients with confirmed upper urinary tract
infectious stones, with a specific focus on peri-
operative IPP dynamics, stone clearance effi-
cacy, inflammatory biomarker trajectories, and
complication rates.

Materials and methods
Inclusion of patients

A retrospective analysis was conducted on 269
patients with upper urinary tract infectious
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stones admitted to The First Hospital of Hebei
Medical University from May 2022 to December
2025. Inclusion criteria were: (1) age > 18
years; (2) met the diagnostic criteria for upper
urinary tract infectious stones [14]; (3) received
treatment with FURL; (4) clear consciousness
and cognition; (5) complete medical records.
Exclusion criteria were: (1) severe uncontrolled
systemic infection, defined as meeting any of
the following: (O sepsis requiring vasopressor
support or septic shock prior to surgery; @
imaging evidence of pyonephrosis necessitat-
ing emergency percutaneous nephrostomy; 3
persistent fever (= 38.5°C) or unresolved SIRS
despite 48 hours of appropriate antibiotic ther-
apy guided by culture and sensitivity results; (2)
concurrent active malignancy; (3) major surgery
within the last 3 months; (4) coagulation dys-
function or uncontrolled bleeding tendency; (5)
concurrent psychiatric episode; (6) pregnant or
breastfeeding women; (7) anatomical abnor-
malities of the upper urinary tract affecting flex-
ible ureteroscopy procedures; (8) severe renal
insufficiency.

According to different surgery methods, the
269 patients were defined into the Standard
Group (n = 142) and the Intelligent Group (n =
127). Patients in the Standard Group under-
went standard FURL, while those in the Inte-
lligent Group received intelligent pressure-guid-
ed FURL. This study strictly adhered to the De-
claration of Helsinki, and the research protocol
was reviewed and approved by the Medical
Ethics Committee of the First Hospital of Hebei
Medical University.

Surgical method

Standard group: Patients were placed under
general anesthesia in the lithotomy position.
After routine disinfection and draping, an
8.0/9.8 F rigid ureteroscope (Richard Wolf
GmbH, Germany) was inserted through the ure-
thra into the bladder to observe the intravesical
conditions and identify the affected ureteral
orifice. Under direct vision, a 0.035-inch hydro-
philic guidewire was inserted into the affected
ureter. Guided by the wire, the rigid uretero-
scope was advanced retrogradely to the renal
pelvis or stone location to assess the degree of
ureteral patency and the condition of the stone.
The guidewire was left in place, and the rigid
ureteroscope was withdrawn. A 12/14 F ure-
teral access sheath (Cook Medical, USA) was
then inserted along the guidewire and posi-
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tioned approximately 1-2 cm below the ure-
teropelvic junction under fluoroscopic or endo-
scopic guidance. A 7.5 F flexible ureteroscope
(URF-V, Olympus, Japan) was introduced th-
rough the access sheath, and the renal pelvis
and calyces were explored under flexible sco-
pe visualization to confirm the stone’s location.
A 200 um holmium laser fiber (SRM-H3B,
Shanghai Ruike En Medical Technology Co.,
Ltd., China) was used with a “dusting” lithotrip-
sy strategy, setting the energy at 0.6-1.0 J and
frequency at 20-30 Hz to fragment the stones
into pieces < 2 mm. After lithotripsy, another
ureteroscopy was performed to ensure no sig-
nificant residual stones remained. A 4.7 F or 6
F double-) stent was placed along the guide-
wire, and the scope was withdrawn after con-
firming satisfactory positioning.

Intelligent group: Patients were placed under
general anesthesia in the lithotomy position.
After routine disinfection and draping, an
8.0/9.8 F rigid ureteroscope was inserted
through the urethra into the bladder to locate
the affected ureteral orifice. Under direct vision,
a hydrophilic guidewire (0.035 inches) was
inserted into the affected ureter. Guided by the
wire, the rigid ureteroscope was advanced ret-
rogradely to the level of the ureteropelvic junc-
tion to assess the condition of the ureter. The
guidewire was left in place, and the rigid ure-
teroscope was withdrawn. A 12/14 F pressure-
measuring ureteral access sheath (compatible
with the intelligent pressure control system)
was then inserted along the guidewire and
positioned approximately 1-2 cm below the ure-
teropelvic junction under fluoroscopic or endo-
scopic guidance to ensure proper placement.
The suction port at the proximal end of the
access sheath was connected to the nega-
tive pressure suction device of the medical irri-
gation-suction platform (IVT-ISO1-A, Jiangxi
Yiweite Technology Co., Ltd., China), and the
pressure-measuring port was connected to the
pressure monitoring module of the platform.
The intelligent pressure control system was
activated and set to fully automatic mode.
System parameters were set as follows: nega-
tive pressure suction range -15 to -5 mmHg (1
mmHg = 0.133 kPa relative to atmospheric
pressure); intracavitary pressure warning value
20 mmHg, limit value 30 mmHg; irrigation flow
rate 50-150 ml/min (adjusted dynamically
based on real-time pressure feedback). After
setting the parameters, a 7.5 F flexible uretero-
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scope was introduced through the access
sheath to explore the renal pelvis and calyces
and confirm the stone’s location. A 200 uym hol-
mium laser fiber was used for lithotripsy, with
energy settings of 0.6-1.0 J and frequency of
20-30 Hz. The stones were fragmented and
simultaneously suctioned out. After lithotripsy,
another ureteroscopy was performed to ensure
no significant residual stones remained. A4.7 F
or 6 F double-J stent was placed along the
guidewire, and the scope was withdrawn after
confirming satisfactory positioning.

Observation indicators

The primary outcome measures were stone-
free rate (SFR), IPP, and the incidence of post-
operative complications. Secondary outcome
measures included operative time, hospital
length of stay, renal function parameters, and
inflammatory markers.

Stone free rate: Non-contrast computed tomog-
raphy (NCCT) (Revolution Apex, GE Healthcare,
USA) was performed at 1 day, 1 month, and 3
months postoperatively to assess the residual
stone status. The SFR was defined as no resid-
ual stones or a residual stone with a maximum
diameter of <4 mm [15].

Surgical treatment conditions: Operative time
was defined as the interval from the completion
of anesthesia induction and initiation of ure-
teroscopic procedures to the completion of all
surgical steps (including stone fragmentation,
double-) stent placement, and withdrawal of
the flexible ureteroscope from the urethra).
Hospital stay was defined as the total number
of days from admission to discharge.

Intrarenal pelvic pressure: Mean IPP was mea-
sured at each of the following time points: (1) at
the time of guidewire insertion; (2) during litho-
tripsy; (3) during flushing lithotripsy; (4) at the
end of the procedure. The Intelligent Group
used the intelligent pressure control system’s
pressure-measuring ureteral access sheath for
real-time IPP monitoring. The Standard Group
used an F5 ureteral catheter (Cook Medical,
USA) connected to a pressure sensor (TruWave,
Edwards Lifesciences, USA) for pressure mea-
surement.

Renal function: Serum creatinine (Scr), blood
urea nitrogen (BUN), and 32-microglobulin (32-
MGQG) levels were measured preoperatively and
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Table 1. Comparison of demographic characteristics between the two groups

Parameter Standard group (n = 142) Intelligent group (n = 127) t/x? P
Age (years) 48.25 + 12.37 47.89 + 11.92 0.237 0.813
Gender [n (%)] 0.132 0.716
Male 68 (47.89%) 58 (45.67%)
Female 74 (52.11%) 69 (54.33%)
BMI (kg/m?) 25.31+3.16 25.63 + 3.44 0.794 0.428
Diabetes mellitus [n (%)] 0.078 0.780
Yes 23 (16.20%) 19 (14.96%)
No 119 (83.80%) 108 (85.04%)
Hypertension [n (%)] 0.122 0.727
Yes 35 (24.65%) 29 (22.83%)
No 107 (75.35%) 98 (77.17%)
History of recurrent UTI [n (%)] 0.125 0.724
Yes 51 (35.92%) 43 (33.86%)
No 91 (64.08%) 84 (66.14%)

BMI, body mass index; UTI, urinary tract infection.

1 day postoperatively using an automated
chemiluminescence immunoassay analyzer
(AUS5800, Beckman Coulter, USA).

Inflammatory factor levels: C-reactive pro-
tein (CRP), interleukin-6 (IL-6), and procalcito-
nin (PCT) levels were measured preopera-
tively and 1 day postoperatively using enzyme-
linked immunosorbent assay kits (ab260058,
ab178013, abh221828, Abcam, China).

Complications: Complications occurring during
hospitalization were recorded for both groups,
including fever (postoperative temperature >
38.0°C on two consecutive measurement days
or any postoperative day temperature > 39.0°C
[excluding transient post-anesthesia or absorp-
tion-induced temperature increases within 24
hours]), sepsis (life-threatening organ dysfunc-
tion caused by a dysregulated host response to
infection, characterized by an increase in the
Sequential Organ Failure Assessment (SOFA)
score > 2 points) [16], hematuria (gross hema-
turia [urine appears red or meat wash-like]
requiring clinical intervention [such as in-
creased bladder irrigation, use of hemostatic
drugs, or blood transfusion]), and back pain
(new or worsening postoperative back pain with
a visual analog scale [VAS] score > 4 requiring
analgesic treatment).

Statistical analysis

Statistical analysis was performed using R
software version 4.3.3 (R Foundation for
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Statistical Computing, Vienna, Austria). Cate-
gorical variables were expressed as frequen-
cies and percentages [n (%)], compared bet-
ween groups using the chi-square (x?) test.
Continuous variables were expressed as mean
+ standard deviation (M£SD). Comparisons
between two groups at a single or two time
points were performed using the independent-
sample t-test. For the IPP measured at four pro-
cedural stages, a two-way mixed repeated
measures analysis of variance (ANOVA) was
conducted. When a significant group x time
interaction was detected, post-hoc pairwise
comparisons were performed using Bonferroni-
corrected independent t-tests for between-
group comparisons at each time point. A p-val-
ue < 0.05 was considered statistically sig-
nificant.

Results
Baseline characteristics

The demographic and clinical characteristics
of the two cohorts were analyzed to ensure
comparability at baseline (Table 1). No sig-
nificant differences were observed between
the Standard Group and the Intelligent Group
regarding demographic parameters including
age (P =0.813), gender distribution (P = 0.716),
body mass index (P = 0.428), or the prevalence
of comorbidities such as diabetes mellitus (P =
0.780), hypertension (P = 0.727), and history of
recurrent urinary tract infection (P = 0.724).
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Table 2. Comparison of clinical characteristics between the two groups

Parameter Standard group (n = 142) Intelligent group (n = 127) t/x° P
Largest stone diameter (cm) 2.15 +0.58 2.08 + 0.62 0.946 0.345
Stone location [n (%)] 0.101 0.951
Upper ureter 38 (26.76%) 32 (25.20%)
Renal pelvis 67 (47.18%) 62 (48.82%)
Renal calyx 37 (26.06%) 33 (25.98%)
Stone density (Hu) 632.46 £ 112.39 618.92 + 108.64 1.002 0.317
Stone composition [n (%)] 0.112 0.946
Struvite 45 (31.69%) 38 (29.92%)
Calcium carbonate apatite 28 (19.72%) 25 (19.69%)
Mixed 69 (48.59%) 64 (50.39%)
Preoperative DJ stent placement [n (%)] 0.057 0.811
Yes 41 (28.87%) 35 (27.56%)
No 101 (71.13%) 92 (72.44%)
Preoperative PCN [n (%)] 0.047 0.829
Yes 18 (12.68%) 15 (11.81%)
No 124 (87.32%) 112 (88.19%)

DJ, double-J; PCN, percutaneous nephrostomy.

Postoperative 3 months—

Postoperative 1 months—

Time point

Postoperative 1 d—

Number (n)

Figure 1. Comparison of SFR between the two groups [n (%)]. SFR, stone free

rate; **: P < 0.01, intergroup comparison.

Furthermore, preoperative stone-related char-
acteristics were well-matched (Table 2). There
were no significant disparities in the largest
stone diameter (P = 0.345), stone location dis-
tribution (P = 0.951), stone density as mea-
sured in Hounsfield units (P = 0.317), or stone
composition profiles (P = 0.946). The rates of
preoperative double-J stent placement (P =
0.811) and percutaneous nephrostomy (P
0.829) were also comparable between the two
groups.

Stone free rate
The evaluation of SFR at sequential postopera-

tive time points demonstrated consistently
superior outcomes for the Intelligent Group
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(Figure 1). The SFR on postop-
erative day 1 was significantly
higher with the use of intelli-
gent pressure-guided technol-
ogy (x? = 8.380, P = 0.004).
This advantage in stone clear-
ance was maintained and
remained statistically signifi-
cant at the one-month follow-
up (x2=8.759, P=0.003) and
at the three-month follow-up
assessment (x? = 7.357, P =
0.007).

E=1 Standard group (n=142)
=1 Intelligent group (n=127)

Surgical treatment conditions

Significant differences in operative efficiency
and length of hospitalization were observed
favoring the Intelligent Group (Figure 2). The
mean operative time was substantially shorter
when the intelligent pressure control system
was utilized (t = 8.146, P < 0.001). Additionally,
the duration of postoperative hospital stay was
significantly reduced in the Intelligent Group
compared to the Standard Group (t =9.127, P <
0.001).

Intrarenal pelvic pressure

Monitoring of IPP revealed distinct pressure
profiles between the two surgical approaches

Am J Transl Res 2026;18(7):6411-6420



Intelligent pressure-guided FURL for infectious stones

Standard group (n=142) <0 - Intelligent group (n=127)

Operative time (min)

Intelligent group (n=127)—

* %k %k

Standard group (n=142)—

L e o o o e

—
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B Standard group (n=142) - Intelligent group (n=127)
Hospital stay (d)
Intelligent group (n=127)- —{—

% k¥

Standard group (n=142)—

Figure 2. Comparison of surgical treatment conditions between the two groups. A. Operative time (min). B. Hospital

stay (d); ***: P < 0.001, intergroup comparison.

Table 3. Comparison of IPP between the two groups (mmHg)

Parameter Standard group (n = 142) Intelligent group (n = 127) t P

At the time of guidewire insertion 16.48 £ 5.92 15.82 + 4.27 1.056 0.292
During lithotripsy 35.46 + 10.31 16.35 + 3.88 20.510 < 0.001
During flushing lithotripsy 32.72+9.15 15.49 + 3.52 20.793 <0.001
At the end of the procedure 26.13 + 7.64 14.67 + 3.21 16.342 < 0.001
IPP, intrarenal pelvic pressure.

Table 4. Comparison of renal function between the two groups ferences observed in Scr,

Standard group Intelligent

BUN, and B2-MG (P = 0.399,

Parameter (n = 142) group (n = 127) t P P = 0.362, and P = 0.264,
Ser (umol/L) respectively) (Table 4). On
Preoperative 8735+ 618 86.72+593 0844 0.399 postoperative day 1, the In-
Postoperative 1 d 93.28 +8.04° 90.84 +6.15° 2.811 0.005 t(?lllg.?nt Group demonstrated
significantly better preserva-

BUN (mmol/L) tion of renal function com-
Preoperative 5.36+£0.42 5.31+0.38 0.914 0.362 pared to the Standard Group.
Postoperative 1 d 6.02 + 0.55" 5.84 +0.43" 3.138 0.002 Specifically, postoperative lev-
B2-MG (mg/L) els of Scr (t = 2.811, P =
Preoperative 2.48 +0.39 243+0.36 1.120 0.264 0.005), BUN (t = 3.138, P =
Postoperative 1d ~ 2.85+0.51°  2.68+0.44° 2.928 0.004 0.002), and p2-MG (t = 2.928,

Scr, serum creatinine; BUN, urea nitrogen; B2-MG, B2-microglobulin; *, P < 0.05

compared to preoperative value within the same group.

(Table 3). At the initial stage of guidewire
insertion, no significant difference in IPP was
detected between the groups (P = 0.292).
However, during the active phases of the proce-
dure, the Intelligent Group maintained signifi-
cantly lower pressures. This was evident during
lithotripsy (P < 0.001), during flushing lithotrip-
sy maneuvers (P < 0.001), and at the conclu-
sion of the endoscopic procedure (P < 0.001).

Renal function

Preoperative renal function was comparable
between the two groups, with no significant dif-
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P =0.004) were all significantly
lower in the Intelligent Group
than in the Standard Group.

Inflammatory factor levels

Preoperative baseline levels of inflammatory
biomarkers, including CRP, IL-6, and PCT, were
comparable between the groups (P = 0.518, P
=0.790, and P = 0.269, respectively) (Table 5).
On the first postoperative day, a systemic
inflammatory response was observed in both
cohorts; nonetheless, the magnitude of this
response was significantly attenuated in the
Intelligent Group. Postoperative levels of CRP (t
=5.753,P<0.001), IL-6 (t=9.446, P < 0.001),
and PCT (t = 2.989, P = 0.003) were all mark-
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Table 5. Comparison of inflammatory factor levels between the
two groups

Parameter Sta(r:]dzr;l 4g2r§>up grol:;e(ll:ffrfz?) T P
CRP (mg/L)
Preoperative 10.568 +3.42 10.87 £3.96 0.648 0.518
Postoperative 1d 16.42 +5.13" 13.25+3.88" 5.753 < 0.001
IL-6 (pg/mL)
Preoperative 8.24 +1.85 818+ 1.73 0.267 0.790
Postoperative 1d 12.38 +2.24* 9.89 +2.05" 9.446 < 0.001
PCT (ng/mL)
Preoperative 0.54 £ 0.16 0.52+0.13 1.107 0.269
Postoperative 1d  0.75 £ 0.27" 0.67 £0.14" 2.989 0.003

CRP, C-reactive protein; IL-6, interleukin 6; PCT, procalcitonin; *, P < 0.05 compared
to preoperative value within the same group.

Table 6. Comparison of complications between the two groups [n
(%)]

Standard group Intelligent group

Parameter (n = 142) (n = 127) X2 P

Fever 24 (16.90%) 6 (4.72%) 10.032  0.002
Sepsis 6 (4.23%) 1(0.79%) 1.917 0.166
Hematuria 8 (5.63%) 4 (3.15%) 0.971 0.324
Back pain 5 (3.52%) 2 (1.57%) 0.381 0.537

edly lower in the group treated with intelligent
pressure-guided ureteroscopy.

operative efficiency, inflamma-
tory response attenuation, and
complication reduction.

Baseline characteristics of the
two groups were well match-
ed, supporting the validity of
the observed differences. The
management of infectious st-
ones presents unique challeng-
es owing to bacterial coloniza-
tion within the stone matrix and
the friable nature of the sur-
rounding urothelium. These fa-
ctors increase susceptibility to
postoperative infectious com-
plications when IPP becomes
elevated during standard ure-
teroscopic procedures [3, 17].

The higher SFR achieved with
the intelligent pressure-guided
system at all postoperative
time points can be attributed
to the synergistic effect of
continuous suction and opti-
mized irrigation. During stan-
dard FURL, stone dust and

small fragments remain suspended in the col-
lecting system, obscuring visualization and

necessitating repeated manual flushing. These

Complications

pauses prolong operative time and allow frag-

ments to migrate into dependent calyces [18,

Compared to the Standard Group, the inci- 19]. The
dence of postoperative fever was significantly
lower in the Intelligent Group (x> = 10.032,
P = 0.002) (Table 6). While the rate of sepsis
trended lower in the Intelligent Group, this dif-
ference did not reach statistical significance
(P = 0.166). Similarly, the occurrence of post-
operative hematuria (P = 0.324) and back
pain requiring intervention (P = 0.537) did not
differ significantly between the two surgical
modalities.

intelligent system simultaneously
aspirates the dust cloud and evacuates frag-
mented debris through the specialized access
sheath. This maintains a clear endoscopic field,
enabling more precise and uninterrupted litho-
tripsy. For infection stones, residual fragments
can serve as a nidus for bacterial recoloniza-
tion and recurrent stone formation. Superior
early clearance may therefore translate into
reduced future infectious episodes, although
longer-term surveillance would be required to

confirm this benefit [20, 21].

Discussion

The reductions in operative time and hospital

This retrospective analysis compared clinical
outcomes between intelligent pressure-guided
FURL and standard FURL in patients with upper
urinary tract infectious stones. The findings
indicate that integrating real-time IPP monitor-
ing with active negative-pressure aspiration
confers measurable advantages across several
domains, including stone clearance efficiency,

stay observed in the intelligent group reflect
improved procedural workflow and periopera-
tive recovery. Shorter operative duration results
from elimination of manual irrigation cycles and
from reduced time spent retrieving migrated
fragments. Integration of suction converts the
access sheath into a conduit for simultaneous
visualization and evacuation. The correspond-
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ing decrease in hospitalization length aligns
with the attenuation of postoperative inflam-
matory response and the lower incidence of
febrile morbidity. Patients experiencing fewer
complications are eligible for earlier discharge,
which may reduce nosocomial infection risk
and healthcare resource utilization [22].

IPP dynamics are central to the safety of ure-
teroscopy for infectious stones. Standard FURL,
even with a conventional ureteral access sh-
eath, permits intermittent pressure elevations
exceeding the physiological threshold for pyelo-
venous and pyelolymphatic backflow. The data
indicate that standard procedures are associ-
ated with sustained pressure surges during
lithotripsy and irrigation. Such elevations facili-
tate translocation of bacterial endotoxins and
pro-inflammatory cytokines into the systemic
circulation. The intelligent pressure control sys-
tem maintained IPP at a substantially lower pla-
teau throughout active procedural phases. This
was achieved through automated balancing of
irrigation inflow and suction outflow [23, 24]. By
preventing harmful pressure spikes, the intelli-
gent system appears to limit systemic absorp-
tion of infectious material and reduce renal
barotrauma. This finding aligns with prior clini-
cal and experimental work demonstrating a
correlation between mean IPP during ureteros-
copy and the risk of SIRS [25, 26].

The differential impact on renal function mark-
ers on the first postoperative day provides fur-
ther evidence of the renal protective effect
conferred by the intelligent pressure-guided
approach. While the changes in Scr, BUN, and
B2-MG were modest in both groups, the magni-
tude of postoperative elevation was clearly
greater following standard ureteroscopy. In the
context of infection stones, the renal parenchy-
ma is often already compromised by chronic
inflammation and edema. The addition of sus-
tained high-pressure irrigation can induce tran-
sient renal tubular dysfunction or interstitial
edema, which manifests as a slight reduction in
glomerular filtration rate and impaired tubular
reabsorption. The pressure-controlled environ-
ment created by the intelligent system likely
minimizes this hydrostatic insult to the neph-
rons, resulting in better preservation of renal
functional reserve in the immediate postopera-
tive period. This advantage is particularly rele-
vant for patients with pre-existing renal insuffi-
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ciency or those with a solitary functioning kid-
ney [27, 28].

The evaluation of inflammatory cytokines pro-
vided a biochemical correlate to the clinical
observation of reduced febrile morbidity. CRP
and IL-6 are sensitive markers of the acute-
phase response to surgical trauma and infec-
tion. PCT serves as a more specific indicator of
bacterial infection burden. The blunted postop-
erative rise in these markers within the intelli-
gent group substantiates the hypothesis that
controlling IPP reduces the microbial and endo-
toxic load delivered to the systemic circulation
[29]. Although the incidence of overt sepsis
was too low in this cohort to draw definitive sta-
tistical conclusions, the trend toward fewer
severe infectious events in the intelligent group
is clinically noteworthy. The significant reduc-
tion in postoperative fever, a common and cost-
ly complication following the manipulation of
infectious stones, underscores the practical
value of this technology in improving patient
comfort and reducing the need for escalation of
antibiotic therapy [30, 31].

This study has several limitations. Its retrospec-
tive, single-center design introduces potential
selection bias, and allocation to surgical modal-
ity was not randomized. Although baseline
characteristics were comparable, unmeasured
confounders related to surgeon preference or
subtle variations in stone complexity could
influence outcomes. The follow-up period of
three months precludes assessment of long-
term stone recurrence rates or durability of
renal functional preservation. Future research
should focus on prospective randomized trials
to validate these findings. Cost-effectiveness
analyses comparing capital investment in the
intelligent pressure platform against savings
from reduced hospital stays and fewer read-
missions would be valuable. Investigations in
patients with larger stone burdens or more
severe baseline renal impairment are also war-
ranted to define populations most likely to
derive maximum benefit.

Conclusion

Intelligent pressure-guided FURL offers superi-
or intraoperative pressure regulation, enhanc-
ed immediate stone clearance, and a reduction
in postoperative inflammatory response com-
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pared to standard techniques in the manage-
ment of upper urinary tract infectious stones.
This approach represents a clinically valuable
advancement for mitigating infection-related
morbidity in this high-risk patient population.
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