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To compare the efficacy and advantages of mini percutaneous nephrostomy (MPCN), 
micropercutaneous nephrostomy (MicroPCN), and retrograde ureteric stenting (RUS) in the treatment 
of acute upper urinary tract calculi (UUTC) obstruction with hydronephrosis and infection, and 
verify the safety and indications of clinical application of micropercutaneous nephrostomy. Clinical-
epidemiological data of patients with acute upper urinary tract calculi obstruction and infection treated 
in Ningbo No.2 hospital were retrospectively collected from May 2019 to May 2023. 64 patients (20 
patients in MPCN group, 13 patients in MicroPCN group, and 31 patients in RUS group) were eligible 
for analysis based on inclusion and exclusion criteria. P value < 0.05 was considered statistically 
significant. There were no significant differences in peri-intervention temperature, multiple infection 
indicators and complications among the three groups. The nutritional status and peri-intervention 
coagulation function of patients in MicroPCN and RUS groups were poor, the CRP and proportion of 
using carbapenem advanced antibiotics were higher. The length of hospital stay and the length of 
hospital stay after the intervention in MPCN and MicroPCN groups were longer, the length and width 
of calculi were larger, and the degree of hydronephrosis was heavier. Patients in the MicroPCN group 
had the worst general condition, the lowest hemoglobin before intervention, the longest withdrawal 
time of vasoactive drugs. MPCN, MicroPCN, and RUS are safe and effective in relieving acute upper 
urinary tract calculi obstruction complicated with infection. MicroPCN has more advantages for 
patients with critical illness or complex obstruction urinary lithiasis. 
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UVJ  Ureterovesical Junction

Upper urinary tract calculi (UUTC) are a common cause of upper urinary tract obstruction with hydronephrosis 
and infection. The pathogenesis of UUTC is that bacteria accumulate in the collection system during obstruction, 
and then hydronephrosis aggravates intrarenal pressure1, which leads to bacteria entering the blood and causing 
bacteremia, resulting in the release of inflammatory factors and systemic inflammatory response syndrome, 
of which 10% progress to sepsis2. Patients with diabetes mellitus (OR = 3.591, p = 0.0098)2 and an abnormal 
immune system are more likely to progress to septic shock3, and the mortality rate is as high as 20–40%4,5. Early 
diagnosis and treatment of urogenic sepsis is essential. Emergency surgical urine drainage is the key to avoiding 
serious complications and even death. There are reports suggesting that the mortality of patients with calculi 
related sepsis without surgical drainage is twice that of patients treated with percutaneous nephrostomy (PCN) or 
RUS6. Previous conventional surgical methods include PCN and RUS, both of which have their own advantages 
and limitations7,8. With the development of technology, minimally invasive treatment of infection has become 
a hot field, and drainage catheters have also been continuously improved to meet the demand. Currently, the 
commonly used drainage catheters in clinical practice are 5–14 F pigtail catheters and 12–24 F balloon retention 
catheters, which are widely used for indwelling drainage catheters after percutaneous nephrolithotomy (PCNL)9. 
In this study, MPCN indwelled 12–18 F balloon retention catheters, MicroPCN indwelled 6–8 F pigtail catheters, 
the latter avoided the multiple expansion of the expander, which is simpler and less traumatic (Table 1). In recent 
years, although many urologists have tried to use thinner drainage catheters to control infection, there has been 
a lack of relevant literature support. This study aims to verify the efficacy and safety of MPCN and MicroPCN.

Patients and methods
Statement of ethics
This study solely used available summary data that was approved for human experimentation by Ningbo Second 
Hospital Medical Ethics Committee. Approved by Ningbo Second Hospital Medical Ethics Committee, informed 
consent is exempted. All methods were performed in accordance with the relevant guidelines and regulations.

Inclusion and exclusion criteria
Inclusion criteria: (I) imaging confirmed obstructive urolithiasis, (II) maximum temperature (Tmax) ≥ 38 °C; 
and/or total white cell (TWC) count ≥ 12 000/µl within 24 h before intervention. Exclusion criteria: (I) non-
infectious fever and elevated total white cell count, (II) incomplete data.

Data analysis
The demographic and clinical characteristics of patients included age, gender, Barthel, nutritional risk screening 
(NRS), Charlson, number of days of hospital stay, duration of surgery, diabetes mellitus, length and width of the 
calculus, laterally the obstruction, positions of the calculus, degree of hydronephrosis, urine routine, blood / 
urine bacterial culture, type of antibiotics used, prognosis, complications after the intervention (lumen blockage, 
bleeding, intervention failure, sepsis after intervention, ureter / peripheral organ injury).

The peri-intervention parameters and outcome measures included: (I) number of days postintervention for a 
fever to subside, (II) number of days of hospital stay postintervention, (III) number of days for total white cells 
to normalize after the intervention, (IV) number of days for Serum creatinine to normalized or reduce by more 
than 20%, (V) number of days postintervention to wean off the vasoactive agent, (VI) serum creatinine levels at 
follow-up. Peri-intervention parameters included Tmax, number of analgesics used, number of ICU admissions, 
lowest MAP, CRP, TWC, serum creatinine, hemoglobin, respiratory /cardiovascular/nervous system/live/
coagulation/renal/total SOFA score, sepsis, and septic shock.

Interventions
Mini Percutaneous Nephrostomy (MPCN): the patient takes the prone position and local anesthesia, locates the 
intersection of the 11th or 12th costal margin and the posterior axillary line on the affected side as the puncture 
point under the guidance of ultrasound, uses an 18G puncture needle to puncture to the renal pelvis or calyces, 
and after the needle core has urine led out, places the guide wire, cuts the skin incision (about 5 mm) from the 
puncture position, pulls out the puncture needle, expands to 12–16 F, places the outer sheath, and then takes out 
the inner core, retains a 12–16 F drainage catheter along the denuded sheath and fixes it.

Micropercutaneous nephrostomy (MicroPCN): the body position, anesthesia method, positioning, and 
method of puncture are the same as those of MPCN. The guide wire was inserted after a successful puncture, 
then the puncture needle needed to pulled out, and then the fascial expansion sheath was used along the guide 
wire for single expansion. At last, the 6/8 F pigtail catheter was placed with a depth of 15–20 cm and fixed. 
(Fig. 1).

Retrograde ureteral stenting (RUS): the patient took the lithotomy position and was under local anesthesia. A 
22 F wolf cystoscope or an 8–9.8 F wolf rigid ureteroscope were used under direct vision. A 5–7 f ureteral stent 
was placed after the guide wires inserted retrogradely into the ureter at last.

Statistical analysis
IBM SPSS Statistics ver. 26.0 was used for statistical analysis. Patients’ demographics, baseline clinical 
characteristics, characteristics of ureteral obstructions, peri-intervention parameters, and outcome measures 
were summarized descriptively. The numerical variables were expressed as mean and standard deviation (SD), 
and analysis of Kruskal-Wallis was used to compare groups. The number and percentage of subjects in each 
group were reported for categorical variables, and the Pearson Chi-square test was used to compare groups. A p 
value < 0.05 was considered statistically significant.
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Independent variable
Total
n=64

MPCNa

n=20
MicroPCNb

n=13
RUSc

n=31 P Value 

Age 57.6 ± 12.7 54.6 ± 14.9 55.0 ± 13.9 60.7 ± 10.2 0.178

Gender 0.290

 Male 27 (42.2%) 10 (15.6%) 7 (10.9%) 10 (15.6%)

 Female 37 (57.8%) 10 (15.6%) 6 (9.4%) 21 (32.8%)

Barthel score 75.8 ± 34.1 88.5 ± 13.8 84.6 ± 35.5 64.0 ± 39.2 0.079

NRSd score 0.7 ± 1.3 0.1 ± 0.4 1.0 ± 2.0 1.0 ± 1.2 <0.05

Charlson score 1.5 ± 2.3 1.2 ± 1.8 2.1 ± 3.1 1.5 ± 2.2 0.772

Number of days of hospital stay 13.0 ± 7.3 15.5 ± 6.5 14.9 ± 7.0 10.7 ± 7.3 <0.05

Diabetes mellitus 0.541

 Yes 12 (18.8%) 2 (3.1%) 3 (4.7%) 7 (10.9%)

 No 52 (81.3%) 18 (28.1%) 10 (15.6%) 24 (37.5%)

Duration of surgery (min) 26.3 ± 16.4 27.1 ± 14.0 28.6 ± 19.0 24.8 ± 17.0 0.542

length of calculus (mm) 13.6 ± 13.7 16.4 ± 18.1 21.1 ± 16.1 8.6 ± 5.5 <0.05

width of calculus (mm) 9.8 ± 10.0 12.7 ± 14.4 14.0 ± 10.1 6.2 ± 3.0 <0.05

laterally the obstruction 0.543

 left 36 (56.3%) 13 (20.3%) 5 (7.8%) 18 (28.1%)

 Right 25 (39.1%) 6 (9.4%) 7 (10.9%) 12 (18.8%)

 Bilateral 3 (4.7%) 1 (1.6%) 1 (1.6%) 1 (1.6%)

Positions of the calculus 0.591

 Kidney 15 (23.4%) 5 (7.8%) 5 (7.8%) 5 (7.8%)

 Upper ureter 39 (60.9%) 13 (20.3%) 6 (9.4%) 20 (31.3%)

 Middle ureter 2 (3.1%) 0 (0.0%) 0 (0.0%) 2 (3.1%)

 Lower ureter 8 (12.5%) 2 (3.1%) 2 (3.1%) 4 (6.3%)

Degree of hydronephrosis <0.05

 Mild 46 (71.9%) 13 (20.3%) 5 (7.8%) 28 (43.8%)

 Moderate 9 (14.1%) 4 (6.3%) 3 (4.7%) 2 (3.1%)

 Severe 9 (14.1%) 3 (4.7%) 5 (7.8%) 1 (1.6%)

Urine routine 0.206

 0 17 (26.6%) 2 (3.1%) 6 (9.4%) 9 (14.1%)

 1+ 8 (12.5%) 5 (7.8%) 0 (0.0%) 3 (4.7%)

 2+ 9 (14.1%) 3 (4.7%) 2 (3.1%) 4 (6.3%)

 3+ 30 (46.9%) 10 (15.6%) 5 (7.8%) 15 (23.4)

Blood / urine bacterial culture 0.194

 Negative 25 (39.1%) 10 (15.6%) 7 (10.9%) 8 (12.5%)

 Positive 32 (50.0%) 7 (10.9%) 5 (7.8%) 20 (31.3%)

 Contaminated 7 (10.9%) 3 (4.7%) 1 (1.6%) 3 (4.7%)

Types of antibiotics used <0.05

 Carbapenems 19 (29.7%) 1 (1.6%) 7 (10.9%) 11 (17.2%)

 Ertapenem 15 (23.4%) 3 (4.7%) 1 (1.6%) 11 (17.2%)

 Piperacillin tazobactam 18 (28.1%) 8 (12.5%) 2 (3.1%) 8 (12.5%)

 Other 12 (18.8%) 8 (12.5%) 3 (4.7%) 1 (1.6%)

Prognosis <0.05

 Alive 61 (95.3%) 20 (31.3%) 10 (15.6%) 31 (48.4%)

 Death 3 (4.7%) 0 (0.0%) 3 (4.7%) 0 (0.0%)

Postintervention complications

 Lumen blockage 1 (1.6%) 0 (0.0%) 1 (1.6%) 0 (0.0%) 0.203

 Massive hemorrhage 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) /

 Intervention failure 2 (3.1%) 0 (0.0%) 0 (0.0%) 2 (3.1%) 0.692

 Postintervention sepsis 1 (1.6%) 0 (0.0%) 1 (1.6%) 0 (0.0%) 0.203

 Catheter/ ureteral stents displacement 3 (4.7%) 1 (1.6%) 1 (1.6%) 1 (1.6%) 0.777

 Ureter / peripheral organ injury 1 (1.6%) 1 (1.6%) 0 (0.0%) 0 (0.0%) 0.516

Table 1. Patients’ demographic, preintervention parameters, and characteristics of ureteral obstructions. 
Abbreviations: a: MPCN: Mini Percutaneous Nephrostomy; b: MicroPCN: Micropercutanous Nephrostomy; c: 
RUS: Retrograde Ureteral Stenting; d: NRS: Nutritional Risk Screening.
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Results
From May 2019 to May 2023, 31 patients underwent MPCN, 18 patients underwent MicroPCN, and 65 patients 
underwent RUS. According to the inclusion and exclusion criteria, a total of 64 patients (20 patients in the 
MPCN group, 13 patients in the MicroPCN group, and 31 patients in the RUS group) were eligible for analysis 
(Fig. 2).

Patients’ demographic, baseline clinical characteristics, and characteristics of ureteral 
obstructions (Table 1)
The mean age of the patients was 57.6 (± 12.7) years old, and women were more common (57.8%). Among 
them, 12 patients (18.8%) were complicated with diabetes mellitus, and calculi were most common in the left 
side (56.3%), ureter (76.6%), and upper segment (60.9%)10. There were significant differences among the three 
groups in the following aspects (P < 0.05): (I) Nutritional Risk Screening (0.1 ± 0.4 in MPCN vs. 1.0 ± 2.0 in 
MicroPCN vs. 1.0 ± 1.2 in RUS), (II) Number of days of hospital stay (15.5 ± 6.5 days in MPCN vs. 14.9 ± 7.0 
days in MicroPCN vs. 10.7 ± 7.3 days in RUS), (III) Length of the calculus (16.4 ± 18.1  mm in MPCN vs. 
21.1 ± 16.1 mm in MicroPCN vs. 8.6 ± 5.5 mm in RUS), (IV) Width of the calculus (12.7 ± 14.4 mm in MPCN 
vs. 14.0 ± 10.1 mm in MicroPCN vs. 6.2 ± 3.0 mm in RUS), (V) Degree of hydronephrosis (13 patients with 
mild in MPCN vs. 5 patients with mild in MicroPCN vs. 28 patients with mild in RUS), (VI) Type of antibiotic 
use (1 patients with carbapenem in MPCN vs. 7 patients with carbapenem in MicroPCN vs. 11 patients with 
carbapenem in RUS), (VII) Prognosis (0 patients with death in MPCN vs. 3 patients with death in MicroPCN vs. 

Figure 2. Number of patients available for analysis. a: MPCN: Mini PERCOTANEOUS nephrostomy. b: 
MicroPCN:micropercutanous nephrostomy. c: RUS: retrograde urinary stening.

 

Figure 1. Inserting the pigtail along guide wire (A) .Fixed indwelling pig tail catheter(Depth 15 cm) (B). CT 
imaging findings after the intervention (C, D).
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0 patients with death in RUS). The nutritional status of patients in the MicroPCN and RUS groups was poor, and 
the proportion of patients using carbapenem advanced antibiotics was higher. The length of hospital stay was 
longer, the length and width of calculi were larger, and the degree of hydronephrosis was heavier in the MPCN 
and MicroPCN groups. The mortality rate of patients in the MicroPCN group was the highest.

Peri-intervention parameters
We included the latest data within 24 h before the intervention, the data within 24 / 48 h after the intervention, 
the other outcome measures, and follow-up creatinine for analysis (the normal data for the number of days 
of hospital stay postintervention, the number of days for total white cells to normalize after the intervention, 
the number of days for serum creatinine to normalize or reduce by more than 20%, the number of days 
postintervention to wean off the Vasoactive agent, and 3% of unrecorded data were replaced by the mean value) 
(Table 2).

24 h preintervention parameters and outcome measures
The mean Tmax of the three groups of patients before the intervention was 38.6 (± 1.0) °C, 34.4% of patients 
used analgesics, and the ICU occupancy rate was 12.5%. According to the sepsis 3.0 standard11, 32 patients 
had sepsis, and 12 patients had septic shock. There were significant differences among the following indicators 
(P < 0.05): (I) Lowest MAP (90.5 ± 13.0 mmHg in MPCN vs. 78.3 ± 15.0 mmHg in MicroPCN vs. 75.4 ± 13.3 
mmHg in RUS), (II) CRP (76.2 ± 61.2 mg/l in MPCN vs. 161.1 ± 73.8 mg/l in MicroPCN vs. 133.6 ± 96.2 mg/l in 
RUS), (III) Hemoglobin (125.1 ± 23.5 g/l in MPCN vs. 104.5 ± 21.6 g/l in MicroPCN vs. 114.7 ± 22.7 g/l in RUS), 
(IV) Coagulation function (0.0 ± 0.0 in MPCN vs. 0.6 ± 0.9 in MicroPCN vs. 0.5 ± 0.8 in RUS). Patients in the 
MicroPCN and RUS groups had higher CRP, lower MAP, and poorer coagulation function before intervention. 
The MicroPCN group had the lowest hemoglobin before intervention.

Post-intervention parameters and outcome measures
The mean Tmax of the three groups of patients was 37.5 ± 0.8 °C within 24 h postintervention and 37.4 ± 0.7 °C 
within 48 h postintervention, 39.1% of the patients used analgesics, the ICU occupancy rate was 10.9%, 29 patients 
had sepsis, and 12 patients had septic shock. There were significant differences in the following indicators among 
the groups (P < 0.05): (I) Lowest MAP (91.0 ± 13.0 mmHg in MPCN vs. 80.9 ± 13.1 mmHg in MicroPCN vs. 
78.6 ± 11.6 mmHg in RUS), (II) Coagulation function (0.0 ± 0.2 in MPCN vs. 0.5 ± 1.1 in MicroPCN vs. 0.7 ± 1.0 
in RUS), (III) Number of days postintervention to wean off the Vasoactive agent (2.1 ± 0.2 day in MPCN vs. 
2.8 ± 1.6 day in MicroPCN vs. 1.8 ± 0.4 in RUS), (IV) Number of days of hospital stay postintervention (12.2 ± 4.5 
days in MPCN vs. 12.7 ± 6.3 days in MicroPCN vs. 7.9 ± 5.6 days in RUS). The patients in the MicroPCN and 
RUS groups had the lower lowest MAP and worse coagulation function within 24 h postintervention. Patients 
in the MicroPCN group discontinued vasoactive drugs for the longest time. The number of days of hospital stay 
postintervention was longer in the MPCN and MicroPCN groups.

All patients were followed-up for 1 month to 2 years. At the time of follow-up review, 23 / 37 patients 
(62%) with elevated serum creatinine before intervention had returned to normal, 58 / 64 patients (90%) had 
significantly improved renal function, and 6 patients had renal dysfunction due to renal atrophy after the removal 
of obstructive factors, subsequently following up in the nephrology department long-term.

Discussion
As the main clinical manifestation of obstruction and infection in urinary lithiasis, fever is considered a surgical 
indication for emergency urinary drainage12,13. Previously, it was believed that PCN and RUS were both effective 
drainage methods14, with their own unique advantages. The choice of drainage method mostly depends on 
the habits of the surgeon in charge and the characteristics of the lithiasis15. According to the literature, there 
was no significant difference between the two groups in temperature recovery time, creatinine recovery time, 
postintervention pain, postintervention stent / catheter displacement, postintervention urosepsis, bleeding, or 
other complications15,16, which is consistent with the results of this study. Patients in MPCN, MicroPCN, and 
RUS did not show significant differences in temperature, multiple infection indicators, or complications.

Compared with PCN, RUS decompresses through the natural lumen of the human body and has less trauma, 
lower surgical difficulty, a simpler operation, and a shorter hospital stay14, making it the preferred treatment for 
the treatment of incomplete acute upper urinary tract calculi obstruction. In addition, for patients with urinary 
calculi complicated by ureteral stenosis, RUS can dilate the ureter, which is helpful for subsequent lithotripsy 
treatment. However, the ureteral stent prevents the complete closure of the ureterovesical junction (UVJ), 
resulting in urine reflux causing pain and discomfort in the lower back of patients, which often requires drug 
analgesic treatment17, and may increase the intrarenal pressure and aggravate infection, finally increasing the 
risk of bacterial colonization. Indwelling a drainage catheter after PCN can help quickly reduce the pressure of 
the renal pelvis, protect the kidney, relieve infection faster, and have better safety and efficacy for patients with 
septic shock18. It can also effectively avoid hematuria symptoms caused by active friction due to the presence of 
a ureteral stent, and the incidence of hematuria is much lower than that of RUS16. In addition, although there 
is no obvious difference in the success rate of surgery between the two (PCN vs. RUS = 99% vs. 98%)19,20, RUS 
sometimes failed to catheterize due to complete obstruction of calculi, ureteral stricture, inability to identify the 
ureteral orifice, and other21 reasons, and finally needed PCN treatment, which is consistent with the results of 
this study and increases the economic and psychological burden of patients. The failure rate of RUS in actual 
clinical work is higher. In this study, two patients with intraintervention RUS failure were immediately changed 
to MPCN or MicroPCN, which was not reflected in the record. Therefore, some experts recommend PCN, 
which has fewer contraindications and can be performed under local anesthesia at the bedside. Although it may 

Scientific Reports |        (2024) 14:25787 5| https://doi.org/10.1038/s41598-024-77078-2

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Independent variable
Total
n=64

MPCNa

n=20
MicroPCNb

n=13
RUSc

n=31 P value

Preintervention

 Tmax (°C)d 38.6 ± 1.0 38.7 ± 0.8 38.7 ± 0.9 38.4 ± 1.1 0.497

 Analgesics 22 (34.4%) 7 (10.9%) 5 (7.8%) 10 (15.6%) 0.942

 Number of ICUe admission 8 (12.5%) 1 (1.6%) 3 (4.7%) 4 (6.3%) 0.338

 Lowest MAP (mmHg)f 80.7 ± 14.9 90.5 ± 13.0 78.3 ± 15.0 75.4 ± 13.3 <0.05

 CRP (mg/l)g 121.2 ± 87.3 76.2 ± 61.2 161.1 ± 73.8 133.6 ± 96.2 <0.05

 Serum creatinine (μmol/l) 146.1 ± 101.6 137.5 ± 85.9 137.1 ± 82.5 155.4 ± 118.8 0.951

 Total White Cells (10 000/μl) 15.1 ± 9.3 11.3 ± 3.0 17.2 ± 14.1 16.7 ± 9.2 0.085

 Hemoglobin (g/l) 115.9 ± 23.5 125.1 ± 23.5 104.5 ± 21.6 114.7 ± 22.7 <0.05

 Respiratory sofah score 0.4 ± 0.7 0.2 ± 0.4 0.6 ± 1.1 0.4 ± 0.7 0.743

 Cardiovascular sofa score 0.6 ± 1.2 0.2 ± 0.6 0.7 ± 1.5 0.9 ± 1.3 0.125

 Nervous system sofa score 0.3 ± 0.9 0.2 ± 0.4 0.6 ± 1.4 0.3 ± 1.0 0.664

 Live sofa score 0.1 ± 0.4 0.1 ± 3.0 0.3 ± 0.7 0.1 ± 0.4 0.838

 Coagulation sofa score 0.4 ± 0.7 0.0 ± 0.0 0.6 ± 0.9 0.5 ± 0.8 <0.05

 Renal sofa score 0.9 ± 1.1 0.8 ± 1.0 0.8 ± 1.1 1.1 ± 1.2 0.761

 Total sofa score 2.9 ± 3.8 1.6 ± 1.4 3.8 ± 5.6 3.5 ± 3.9 0.428

 Sepsis 32 (50.0%) 9 (14.1%) 6 (9.4%) 17 (26.6%) 0.801

 Septic shock 12 (18.8%) 1 (1.6%) 3 (4.7%) 8 (12.5%) 0.164

Postintervention

 Tmax within 24h (°C) 37.5 ± 0.8 37.8 ± 0.8 37.7 ± 0.9 37.3 ± 0.6 0.089

 Tmax within 48h (°C) 37.4 ± 0.7 37.6 ± 0.9 37.5 ± 0.8 37.2 ± 0.5 0.475

 Analgesics 25 (39.1%) 9 (14.1%) 5 (7.8%) 11 (17.2%) 0.799

 Number of ICU admission 7 (10.9%) 0 (0.0%) 3 (4.7%) 4 (6.3%) 0.074

 Lowest MAP (mmHg) 82.9 ± 13.4 91.0 ± 13.0 80.9 ± 13.1 78.6 ± 11.6 <0.05

 CRP within 24h (mg/l) 134.3 ± 76.5 123.7 ± 40.0 146.4 ± 83.4 136.1 ± 91.3 0.954

 CRP within 48h (mg/l) 113.1 ± 87.4 79.5 ± 57.3 121.5 ± 94.6 131.3 ± 96.3 0.108

 Serum creatinine within 24h (μmol/l) 132.1 ± 69.5 127.6 ± 73.1  147.2 ± 73.4  128.7 ± 66.9  0.574 

 Serum creatinine within 48h (μmol/l) 118.5 ± 74.0 121.9 ± 78.9  125.5 ± 83.9  113.3 ± 68.3 0.950 

 Total White Cells within 24h (10 000/μl) 12.8 ± 7.4 10.8 ± 2.9  13.9 ± 11.4  13.7 ± 7.4  0.448 

 Total White Cells within 48h (10 000/μl) 10.3 ± 5.6 8.2 ± 2.3  10.7 ± 6.0  11.6 ± 6.5  0.275 

 Hemoglobin within 24h (g/l) 106.2 ± 17.9 110.9 ± 16.1 102.1 ± 22.6 104.8 ± 16.7 0.219

 Hemoglobin within 48h (g/l) 109.3 ± 21.0 118.6 ± 19.7 1.3 ± 23.5 105.9 ± 19.3 0.053

 Respiratory sofa score 0.4 ± 0.7 0.2 ± 0.4 0.4 ± 0.9 0.4 ± 0.7 0.614

 Cardiovascular sofa score 0.5 ± 1.0 0.2 ± 0.6 0.6 ± 1.3 0.6 ± 1.0 0.286

 Nervous system sofa score 0.3 ± 0.9 0.1 ± 0.3 0.6 ± 1.5 0.3 ± 1.0 0.972

 Live sofa score 0.0 ± 0.3 0.0 ± 0.2 0.1 ± 0.5 0.0 ± 0.3 0.812

 Coagulation sofa score 0.4 ± 0.9 0.0 ± 0.2 0.5 ± 1.1 0.7 ± 1.0 <0.05

 Renal sofa score 0.6 ± 0.9 0.7 ± 1.0 0.6 ± 1.1 0.6 ± 0.9 0.972

 Total sofa score 2.4 ± 3.6 1.4 ± 1.3 3.1 ± 5.5 2.9 ± 3.6 0.777

 Sepsis 29 (45.3%) 8 (12.5%) 6 (9.4%) 15 (45.3%) 0.898

 Septic shock 12 (18.8%) 1 (1.6%) 3 (4.7%) 8 (12.5%) 0.164

Number of days for the fever to subside 2.1 ± 2.2  1.8 ± 1.5  2.5 ± 2.6  2.2 ± 2.5  0.678 

Number of days to wean off the vasoactive agent 2.1 ± 0.8  2.1 ± 0.2  2.8 ± 1.6  1.8 ± 0.4  <0.05

Number of days for total white cells to normalized 3.6 ± 2.8 3.0 ± 1.7 4.7 ± 4.5 3.6 ± 2.3 0.347 

Number of days for serum creatinine to normalized or reduction of more than 20% 2.8 ± 1.1 2.8 ± 1.1 3.0 ± 1.1 2.8 ± 1.1 0.703

Number of days of hospital stay postintervention 10.2 ± 5.8 12.2 ± 4.5 12.7 ± 6.3 7.9 ± 5.6 <0.05

Follow-up Serum creatinine level 103.0 ± 86.9 121.6 ± 120.9 122.0 ± 100.1 83.1 ± 42.3 0.632

Table 2. Peri-intervention parameters and outcome measures. Abbreviations: a: MPCN: Mini Percutaneous 
Nephrostomy; b: MicroPCN: Micropercutanous Nephrostomy; c: RUS: Retrograde Ureteral Stenting; d: Tmax, 
maximum temperature; e: ICU, intensive care unit; f: MAP, mean arterial pressure; g: CRP:C-reactive protein; h: 
SOFA, Sequential Organ Failure Assessment.
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be exposed to radiation, it has higher efficiency in controlling septic shock and lower rates of hematuria and 
catheter failure16.

With the rapid development of the concept of minimally invasive surgery, Kaijun Wu first proposed the 
concept of mini-percutaneous nephrolithotomy (MPCNL) in 199322, and Helal first officially reported the use of 
MPCNL for clinical use in 199723, which established 16–18 F percutaneous renal microchannels, and its safety 
and effectiveness were confirmed in many subsequent reports24. Subsequently, learning how to use thinner 
channels more safely and effectively has become a trend. Desai proposed the concept of microperc in 2011, 
and its channel is only 4.8 F25. Adhering to the concept of minimally invasive surgery, MPCN and MicroPCN 
came into being. Although many urologists have used 5–16 F microchannels to treat calculi obstruction with 
infection, the safety of such microchannels has yet to be verified.

In addition to the advantages of traditional PCN, MPCN has the characteristics of being more minimally 
invasive and having less surgical risk, and there were no complications such as massive bleeding, drainage 
catheter blockage, or poor drainage aggravating infection in this study. Only one patient with a pleural injury 
improved after conservative treatment. MPCN is safe and effective. MicroPCN avoids multiple expansions of 
the renal puncture set, is more minimally invasive, and is more suitable for critically ill patients. In addition, 
two patients in this study used dual-channel MicroPCN to control infection, which was successfully completed 
and had a significant effect. MicroPCN also has more advantages for complex calculi requiring multi-channel 
obstruction relief. In the MicroPCN group, one patient with postintervention sepsis caused by lumen blockage 
had smooth drainage after low-pressure flushing, and his temperature returned to normal on the third day. After 
long-term clinical verification, we prefer MicroPCN with mature technology for critically ill patients. Therefore, 
due to our selection bias, patients in the MicroPCN group in this study had the worst general condition, the 
lowest hemoglobin value before the intervention, the highest ICU occupancy rate before the intervention (3/13, 
23%), the highest mortality rate after the intervention (3/13, 23%), and the longest number of days to wean off the 
vasoactive agent. After early intervention with MicroPCN, the body temperature, total white blood cell count, 
and CRP of these three deceased patients improved to varying degrees, and no serious complications occurred. 
One patient eventually died of cerebral hemorrhage, one died of acute heart failure, and one was discharged 
automatically due to economic problems. Although the hemoglobin value before the intervention of MicroPCN 
was the lowest, there was no significant difference in the hemoglobin value of the three groups 24 h after the 
intervention (P = 0.219). Among them, 7 patients (35%) in the MPCN group had a postintervention hemoglobin 
reduction of more than 10 g/l, and only 1 patient (7%) in the MicroPCN group had less intraintervention blood 
loss. Our center has achieved remarkable maturity in MicroPCN technology, ensuring minimal trauma and 
precise therapeutic outcomes. Consequently, we persist in utilizing this advanced technology in the clinical 
management of related conditions. Nevertheless, MicroPCN remains underutilized in other regions of China. 
Our goal is to actively promote MicroPCN nationwide, ensuring that patients with related disorders have 
access to this superior treatment option. In summary, MicroPCN is minimally invasive and effective, and we 
recommend it for critically ill or complex calculi patients (Table 3).

Limitations
This is a retrospective study. The baseline characteristics of the three interventions are essentially different. 
Patients’ parameters were not recorded consistently before and after the intervention. Therefore, we chose to 
use the highest or lowest parameters recorded within 24 h before and 24/48 hours after the intervention, which 
resulted in about 3% of the data without corresponding records, and the mean was used instead. Therefore, 
prospectively developing a randomized controlled cohort with a larger amount of data and a good match will 
help reduce the potentially useful data that may be lost. On the one hand, the decision to take intervention 
measures is based on the habits and preferences of urologists. Therefore, there is an inherent selection bias. Our 
study does not include data and analysis of calculi composition or secondary treatment of calculi.

Conclusion
MPCN, MicroPCN, and RUS had no significant difference in temperature, infection indicators, or complications 
and were safe and effective in relieving acute upper urinary tract calculi obstruction complicated with infection. 
MicroPCN avoids multiple expansions of the renal puncture set with small trauma and a simple operation. It 

PCN/MPCN MicroPCN RUS

Indications
-Evaluation failed RUS or RUS failed
-Complete obstruction of urinary lithiasis
-Severe hydronephrosis

-Critical condition, poor general condition, poor 
coagulation function, bedside emergency drainage
-The rest is the same as PCN

-Incomplete calculi obstruction
-No, light or moderate ponding
-Small calculi

Anaesthesia -Local anesthesia or intubated general anesthesia -Local anesthesia or intubated general anesthesia -Local anesthesia, intravenous 
anesthesia, or spinal anesthesia

Advantage
-Bedside intervention
-Provide a procedure channel for the second stage of surgery
-Provide bacteria culture urine
-Mild discomfort

-Avoid multiple expansions of the expander
-Simple operation and less trauma
-The rest is the same as PCN

-Non invasive
-High patient acceptance
-Dilate the ureter to prepare for 
the next endoscopic surgery

Disadvantages and risks
-Bleeding
-Urinary leakage
-Injury of organs around the kidney
-Catheter displacement

- Pigtail tubes are discounted and blocked
-Intrarenal hypertension, urosepsis
-The rest is the same as PCN

-Catheterization failure
-Urosepsis
-Ureteral injury
-Lumbago and hematuria
-Catheter displacement

Table 3. Comparison of intervention methods.
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has more advantages for patients with poor general conditions, critical conditions, many comorbidities, poor 
coagulation function, and who need multi-channel obstruction relief and bedside intervention.

Data availability
The raw data has been uploaded in supplementary file. The datasets used and analysed during the current study 
available from the corresponding author on reasonable request.Corresponding author: Zhebin Gao E-mail: 
422249692@qq.com.
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