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Abstract

BACKGROUND

It is possible that this condition will lead to urosepsis and progressive deteri-
oration of renal function in the absence of surgical intervention. Several recent
clinical studies have shown that multi-tract percutaneous nephrolithotomy (M-
PCNL) has a similar stone free rate (SFR) as standard percutaneous nephroli-
thotomy (S-PCNL). As a result, M-PCNL was also recommended as a treatment
option for staghorn calculi.

AIM

To examine the perioperative and long-term results of ultrasonography-guided
single- and M-PCNL.

METHODS

This was a retrospective cohort study. Between March 2021 and January 2022, the
urology department of our hospital selected patients for the treatment of staghorn
calculi using percutaneous nephrolithotomy. The primary outcomes were com-
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plication rate and SFR, and the characteristics of patients, operative parameters, laboratory measurements were
also collected.

RESULTS

In total, 345 patients were enrolled in the study (186 in the S-PCNL group and 159 in the M-PCNL group). The SFR
in the M-PCNL group was significantly higher than that in the S-PCNL group (P = 0.033). Moreover, the incidence
rates of hydrothorax (P = 0.03) and postoperative infection (P = 0.012) were higher in the M-PCNL group than in
the S-PCNL group. Logistic regression analysis demonstrated that post-operative white blood cell count (OR =
2.57, 95%CI: 1.90-3.47, P < 0.001) and stone size (OR = 1.59, 95%CI: 1.27-2.00, P < 0.001) were associated with a
higher overall complication rate in the S-PCNL group. Body mass index (OR = 1.22, 95%CI: 1.06-1.40, P = 0.004)
and stone size (OR = 1.70, 95%CI: 1.35-2.15, P < 0.001) were associated with increased overall complications in the
M-PCNL group.

CONCLUSION
Multiple access tracts can facilitate higher SFR while slightly increasing the incidence of acceptable complications.

Key Words: Single-tract percutaneous nephrolithotomy; Multiple-tract percutaneous nephrolithotomy; Staghorn calculi;
Ultrasonography

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: It is estimated that 1% to 15% of the population will suffer from kidney stones during their lifetime. Incidences of
urinary tract stones are on the rise. The number of Americans with renal stone disease reached 10.6% among men and 7.1%
among women in 2012 according to the National Health and Nutrition Examination Survey. In a retrospective study, we
examined the perioperative and long-term results of ultrasonography-guided single-tract percutaneous nephrolithotomy
(PCNL) and multiple-tract PCNL. Between March 2021 and January 2022, the urology department of our hospital selected
patients for the treatment of staghorn calculi by using PCNL. Multiple-access tracts can facilitate higher stone free rate while
increasing the incidence of acceptable complications slightly.
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INTRODUCTION

It is estimated that 1% to 15% of the population will suffer from kidney stones during their lifetime[1]. Incidences of
urinary tract stones are on the rise. The number of Americans with renal stone disease reached 10.6% among men and
7.1% among women in 2012 according to the National Health and Nutrition Examination Survey[2]. The term “staghorn
calculus” refers to a large and branching stone that occupies all or part of the renal pelvis and extends into at least one of
the renal calves[3]. It is possible that this condition will lead to urosepsis and progressive deterioration of renal function
in the absence of surgical intervention[4]. For staghorn calculi, percutaneous nephrolithotomy (PCNL) is recommended
as the first-line therapy[5]. It should be noted, however, that some PCNL-related complications, including fatal urosepsis
and severe hemorrhage, continue to occur among patients.

In managing complex renal stones, laparoscopic surgery has gained acceptance as an alternative, minimally invasive
technique. According to the American Urological Association (AUA) guidelines, PCNL is the most effective treatment
option for staghorn calculi[6]. It has been reported that with PCNL monotherapy, staghorn calculi have a stone-free rate
(SFR) of 56%[7]. For patients with staghorn calculi, multiple tracts or sessions of PCNL were required to achieve a high
SFR, while tract-related complications increased[8]. Furthermore, several recent clinical studies have shown that multi-
tract PCNL (M-PCNL) has a similar SFR as standard PCNL (S-PCNL). As a result, M-PCNL was also recommended as a
treatment option for staghorn calculi[9,10].

In this study, we aimed to analyze the perioperative and long-term results of ultrasonography-guided S-PCNL and M-
PCNL in the treatment of staghorn calculi.
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MATERIALS AND METHODS

Study design and participants

This retrospective study compared the effects of ultrasonography-guided S-PCNL and M-PCNL on patients with
staghorn calculi. We conducted the study between March 2021 and January 2022 at our hospital's urology department,
following approval by our Certified Research Review Board. This study was conducted in accordance with the Helsinki
Declaration. All patients provided their informed consent.

The eligibility criteria were as follows: Age 18 through 80 years and the presence of staghorn calculi greater than 20
mm requiring PCNL. Those who were pregnant or may have become pregnant, those with active pyelonephritis, those
who were receiving antiplatelet/coagulant therapy 1 wk prior to surgery, those for whom general or lumbar anesthesia
was considered difficult by an anesthesiologist, and those receiving best supportive care for terminal cancer, were
excluded from the study.

Demographic information

Physicians recruited and evaluated patients attending our outpatient clinic for study eligibility. We used demographic
data which included information about the patients, such as their age, sex, and body mass index (BMI). We collected
information related to the disease, such as the position of the renal calculus, the presence of bacteriuria, the presence of
hydronephrosis, the side of the renal calculus, and its size.

Outcomes

Stone-free status and overall complication rate were the outcomes of the study. We defined stone-free status as the
absence of residual fragments larger than 4 mm on kidney ureter bladder radiography at 1 month following surgery and
no residual fragments greater than 2 mm on computed tomography 3 months following surgery[11].

Perioperative parameters and laboratory examination
The operative time, length of hospital stay, pain intensity at 24 h after surgery, bleeding volume, hemoglobin (Hb), Cre,
and white blood cell (WBC) levels before and after surgery were collected.

Statistical analysis

Kolmogorov-Smirnov was used to analyze the distribution of the data. Categorical data are presented as numbers and
percentages, and the Chi-square test or Fisher's exact test was employed for analysis. Demographic characteristics were
calculated using descriptive statistics (mean + SD). Using logistic regression analysis, factors associated with complic-
ations were identified independently. For all analyses, P < 0.05 was considered statistically significant. SPSS version 10.0
was used for all analyses.

RESULTS

In total, 345 patients (186 in the S-PCNL group, 36 in the M-PCNL group) were enrolled. The mean age at surgery was
48.91 * 11.40 years and 49.88 + 10.75 years in the S-PCNL and M-PCNL groups, respectively. Approximately 40 %
patients were male, and the BMI in the S-PCNL and M-PCNL groups were (24.47 + 2.94) kg/m?* and (25.79 + 2.73) kg/m?,
respectively. Approximately one-third of stones were located in the upper calyx and 31.89 % of patients had bacteriuria.

The mean stone size was 6.27 and 8.80 in the S-PCNL and M-PCNL groups, respectively. These results are shown in
Table 1.

Outcomes

As described in Table 2, the SFR at the 1¢, 3, and 6" month after surgery were 100 %, 88.17 %, and 67.74 % in the S-PCNL
group, and 100 %, 86.79 %, and 77.98 % in the M-PCNL group. The SFR in the M-PCNL group was significantly higher
than that in the S-PCNL group (P = 0.033). No differences were observed between the groups in pelvicalyceal system
perforation or persistent leakage of urine, transfusion needed due to bleeding, urosepsis, fever, renal hemorrhage, and
urinary damage. However, the incidence rates of hydrothorax (P = 0.03) and postoperative infection (P = 0.012) were
higher in the M-PCNL group than in the S-PCNL group.

Perioperative parameters and laboratory examination
The mean operation time, length of hospital stay, pain intensity after surgery, bleeding volume, post-operative Hb, and
pre-operative Cre were higher in the M-PCNL group than in the S-PCNL group. However, differences in pre-operative
Hb levels and WBC levels as well as post-operative Cre and WBC levels of patients receiving S-PCNL and M-PCNL were
not found to be statistically significant (Tables 3 and 4).

Factors related to complications in the S-PCNL group

Further evaluation with logistic regression analysis demonstrated that post-operative WBC (OR = 2.57, 95%CI: 1.90-3.47,
P < 0.001) and stone size (OR = 1.59, 95%ClI: 1.27-2.00, P < 0.001) were associated with an increased odds ratio for a higher
overall complication rate in the S-PCNL group.
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Table 1 Preoperative characteristics of study participants, n (%)

Parameters S-PCNL (n = 186) M-PCNL (n = 159) P value
Age (yr, mean + SD) 48.91 £11.40 49.88 £10.75 0.419
Male 77 (41.39) 69 (43.39) 0.708
BMI (kg/m?, mean + SD) 2447 £2.94 25.79 £2.73 <0.001

Position of renal calculus

Upper calyx 62 (33.33) 58 (36.47) 0.67

Middle calyx 59 (31.72) 53 (33.33)

Inferior calyx 64 (34.40) 48 (30.18)
Bacteriuria 59 (31.89) 84 (52.83) <0.001
Hydronephrosis

GO-I 11 (5.94) 16 (10.06) 0.15

G II-III 2 (1.08) 4 (2.51) 0.30
Side of renal calculus (Left) 82 (44.32) 64 (40.25) 0.47
Stone size (cm?, mean + SD) 6.27 +2.57 8.80 £2.09 <0.001

S-PNCL: Standard percutaneous nephrolithotomy; M-PNCL: Multi-tract percutaneous nephrolithotomy; BMI: Body mass index.

Table 2 Primary and secondary outcomes, n (%)

Parameters S-PCNL (n = 186) M-PCNL (n = 159) Pvalue
The stone free rate (SFR)
1 month (yes) 186 (100) 159 (100) -
3 months (yes) 164 (88.17) 138 (86.79) 0.699
6 months (yes) 126 (67.74) 124 (77.98) 0.033
Complication
Pelvicalyceal system perforation or persistent leakage of urine 10 (5.37) 13 (8.17) 0.242
Transfusion needed because of bleeding 7 (3.76) 11 (6.91) 0.189
Hydrothorax 4(2.15) 11 (6.91) 0.030
Urosepsis 4 (2.15) 5(3.14) 0.563
Fever 26 (14.05) 29 (18.23) 0.281
Renal hemorrhage 5 (2.70) 4(3.77) 0.920
Urinary damage 8 (4.32) 7 (6.28) 0.963
Postoperative infection 3 (1.62) 11 (3.77) 0.012

S-PNCL: Standard percutaneous nephrolithotomy; M-PNCL: Multi-tract percutaneous nephrolithotomy.

Factors related to complications in the M-PCNL group

Logistic regression analysis revealed that BMI levels (OR = 1.22, 95%CI: 1.06-1.40, P = 0.004) and stone size (OR = 1.70,
95%Cl: 1.35-2.15, P < 0.001] were associated with increased overall complications in the M-PCNL group. The difference
was statistically significant.

DISCUSSION

In this study, a higher BMI level, pre-operative Cre, incidence rate of bacteriuria, hydrothorax, postoperative infection,
larger stone size, longer operative time, longer hospital stay, greater pain intensity, and greater bleeding volume, as well
as lower pre-operative Hb levels and SFR were observed in the M-PCNL group. Multivariate analysis revealed that post-
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Table 3 Perioperative parameters comparison between ultrasound-guided and RAF-guided renal aces (mean * SD)

S-PCNL (n = 186) M-PCNL (n = 159) P value
Operative time (min) 125.26 + 46.45 153.26 + 31.26 <0.001
Hospital stay (d) 4.06 +1.85 5.94 +2.05 <0.001
Pain intensity at 24 h after surgery 216+£1.26 3.67 +1.64 <0.001
Bleeding volume (mL) 26.43 £3.85 52.49 + 4.68 <0.001

S-PNCL: Standard percutaneous nephrolithotomy; M-PNCL: Multi-tract percutaneous nephrolithotomy.

Table 4 Comparison of effect of percutaneous nephrolithotomy on renal function (mean * SD)

Parameters S-PCNL (n = 186) M-PCNL (n = 159) P value
Hb (x 10? g/L)
Pre-operation 1.41+0.25 1.41+£0.18 0.83
Post-operation 1.23£0.12 1.09£0.17 <0.001
Cre (pmol/L)
Pre-operation 83.18 £6.92 86.20 £ 5.60 <0.001
Post-operation 81.46 £7.29 82.49 +6.78 0.176
WBC (x 10°/L)
Pre-operation 6.60 £ 2.32 576 £2.11 0.069
Post-operation 7.52+2.55 7.24+254 0.306

S-PNCL: Standard percutaneous nephrolithotomy; M-PNCL: Multi-tract percutaneous nephrolithotomy; WBC: White blood cells.

operative WBC levels and stone size were associated with increased overall complications in the S-PCNL group, and BMI
levels and stone size were associated with increased overall complications in the M-PCNL group.

There is a direct correlation between renal access during PCNL and surgical outcomes, including complications[12].
There are many benefits associated with PCNL according to the guidelines published by the AUA. Using PCNL, kidney
stones can almost always be removed, as small fragments can be identified and removed directly from the collecting
system. Moreover, due to the tract's ability to remain open indefinitely, inspections can be repeated at any time, and it is
usually obvious whether a procedure is successful[13]. Consequently, the AUA recommends PCNL for the majority of
patients with large-volume renal staghorn calculi[14]. Multiple renal accesses have been associated with a decrease in
renal function at postoperative follow-up in PCNL studies[15]. Additionally, fewer needle punctures may help preserve
renal function following surgery[16].

There have been various publications that report SFR, incidences of post-surgery complications, and the need for an
auxiliary procedure as 70%, 10 %, and 20%, respectively[17-19]. Patients and theater staff must be prepared to deal with
multiple tracts when treating staghorn calculi. A significant increase in the risks of complications, including organ injury
and bleeding, including duration of fluoroscopy and operation as well as the expertise needed for certain surgeries, was
associated with percutaneous surgery[18]. A study was conducted to investigate the effects of the number of access
points. There was no significant difference between the multiple access group and the single access group in terms of the
preoperative clinic parameters except for BMI levels and the incidence of bacteriuria. The number of access points did not
significantly correlate with other factors such as age, sex, location of renal calculus, hydronephrosis, or side of renal
calculus. In our study, the mean ages of the patients in the S-PCNL and M-PCNL groups were 48.91 + 11.40 years and
49.88 £ 10.75 years, respectively. These results are similar to those of the previous studies conducted by Fayad et al[18],
Gorbachinsky et al[14], and Moskovitz et al[20]. Moreover, previous research revealed that the incidence of renal stones in
males (1.5:1) is similar to that reported by Fayad et al[18] and is in accordance to the reportedly high incidence of renal
calculi in males[21,22]. In this study, 77 patients (41.39%) were male in the S-PCNL group, while 69 patients (43.9%) were
male in the M-PCNL group.

There has been a range of 1.5-3.2% blood transfusion rates reported in previous studies of PCNL[23,24]. As a result of
the larger percutaneous tract and the need to manipulate the renal parenchyma in PCNL, the incidence of hemorrhage
requiring blood transfusion has been found to increase from 20% to 30%[25]. Moreover, blood transfusion requirements
during PCNL were independently affected by multiple tract punctures[26]. In our study, the bleeding volume was higher
in the M-PCNL group than in the S-PCNL group. Additionally, the incidence rates of hydrothorax and postoperative
infection were higher in the M-PCNL group. Previous studies have confirmed that M-PCNL is more likely to cause
postoperative blood transfusions, postoperative infections, and pleural damage[27]. The changes in serum Cre levels of
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patients treated with M-PCNL were not significantly different from those of patients treated with S-PCNL[27]. However,
our study found that Hb levels at post-operation were lower and Cre levels were higher in the M-PCNL group at pre-
operation, which may relate to the bleeding volume and renal functions.

Our study also showed that higher post-operative WBC levels and larger stone size were related to the overall complic-
ations in the S-PCNL group, and BMI levels and stone size were related to the overall complications in the M-PCNL
group. An increased risk of complications was independently associated with increasing age, a large lithiasic burden, and
stones in the lower calyx. Compared with the younger population, older patients appeared to be more vulnerable. The
aging urinary tract system as well as an increased volume of the prostate in male patients may contribute to the
development of lower urinary tract symptomatology, infections, and fever in older patients following surgery[28].

This study had several limitations. Single-pass PCNL has a faster recovery time and less pain than traditional surgical
methods. However, like other surgeries, it carries certain risks and should therefore be performed by experienced
physicians. it was found that cases with larger percutaneous tract sizes were associated with a higher risk of
complication, and this factor will be considered in future studies. A multicenter study with a larger volume may be
statistically more effective in obtaining more sophisticated evidence. In addition, a cost estimation should be provided for
comparing these two methods in daily practice. Finally, the heterogeneity of the surgical methods, such as the types of
lead surgeons at the PCNL side and the patients” positionings, were potential confounding factors.

CONCLUSION

Complications acceptable to the patient have increased slightly, and multiple access tracts resulting in a higher SFR can be
used for PCNL. Both single- and multiple-access PCNL have similar effects on renal function, which are temporary.

ARTICLE HIGHLIGHTS

Research methods
In order to investigate the perioperative and long-term implications of ultrasound-guided percutaneous nephrolithotomy
(PCNL), this study will examine the outcomes associated with both single and multi-channel surgical techniques.

Research objectives
To compare the perioperative and long-term outcomes of ultrasonography-guided single- and multiple-tract PCNL (M-
PCNL) for the treatment of staghorn calculi.

Research motivation
Based on our findings, we propose S-PCNL as a viable and efficacious therapeutic approach for individuals diagnosed
with staghorn calculi.

Research background

Single-pass PCNL is a common surgical procedure and is mainly used for the treatment of kidney stones. The procedure
involves a small incision in the skin of the kidney area and then inserting the renoscope into the inside of the kidney.
Nephoscopy is localized and broken into small pieces, and finally excreted from the body through urine.

Research conclusions
Single-pass PCNL exhibits superior outcomes in terms of expedited recovery time and diminished pain compared to
conventional surgical approaches.

Research results

Our study revealed that ultrasound-guided PCNL offers several notable benefits, including reduced trauma, expedited
recovery, and a high rate of stone clearance. Additionally, this procedure effectively mitigates the occurrence of complic-
ations.

Research perspectives
M-PCNL is typically reserved for patients with complex kidney stones that cannot be removed through less invasive
methods.
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