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Background: Urolithiasis remains one of the most common urological conditions, and several treatment 
options are available, ranging from non-invasive to minimally invasive techniques. Standard 

percutaneous nephrolithotomy (PCNL) and its miniaturized version (Mini-PCNL) are frequently employed. This study evaluates 
the safety, effectiveness, and practicality of Mini-PCNL in managing 1–2 cm lower calyceal renal stones. A Methods: 
prospective comparative study was carried out on 60 patients diagnosed with lower calyceal calculi. Participants were divided 
into two groups: Standard-PCNL (control group) and Mini-PCNL (study group). Key parameters assessed included operative 
time, peri- and postoperative complications, stone clearance rates, need for analgesics, hemoglobin drop, requirement of 
blood transfusion, and duration of hospitalization. Data were recorded in Microsoft Excel and analyzed using SPSS and 
Statistica software. The Mini-PCNL group demonstrated a signicantly longer mean operative time (55.06 ± 5.02 min) Results: 
compared with Standard-PCNL (39.06 ± 4.54 min; p < 0.0001). However, Mini-PCNL required less postoperative analgesia 
(35.0 ± 16.86 vs. 55.83 ± 27.60; p = 0.001) and showed a lower mean hemoglobin drop (0.55 ± 0.17 g/dL vs. 1.0 ± 0.32 g/dL; p = 
0.0001). The stone-free rates were comparable between both groups (96.66% vs. 100%; p = 0.313). Complications were 
generally fewer in the Mini-PCNL group, though differences were not statistically signicant. Mini-PCNL achieves Conclusion: 
stone clearance rates comparable to Standard-PCNL for stones measuring 1–2 cm. Although it requires a longer operative 
time, Mini-PCNL is associated with reduced blood loss, lower analgesic requirement, and a trend toward shorter hospital stay, 
making it an effective and safe alternative for managing lower calyceal renal stones. 
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BACKGROUND
Urolithiasis is a prevalent condition worldwide, with its 
incidence steadily increasing and carrying substantial social 
and economic consequences [1,2]. Over the past four 
decades, the management of renal calculi has evolved 
signicantly, with several treatment options available. For 
smaller renal stones, the main modalities include 
percutaneous nephrolithotomy (PCNL), retrograde intrarenal 
surgery (RIRS), and extracorporeal shockwave lithotripsy 
(SWL) [3].

The management of lower calyceal stones measuring 1–2 cm 
continues to be debated. Multiple factors—such as patient 
body habitus, renal anatomy, cost implications, and patient 
preference—must be considered when choosing the optimal 
intervention [4–7]. Approximately 60% of patients present with 
unfavorable calyceal anatomy (e.g., narrow infundibulum, 
acute infundibulopelvic angle, or elongated infundibular 
length), which hampers effective stone clearance across all 
modalities.

Shockwave lithotripsy often results in residual fragments, 
particularly within the dependent lower calyx, and is less 
effective in patients with challenging anatomy. Similarly, RIRS 
can be limited by the difculty of maneuvering the exible 
ureteroscope through acute angles and the challenges of 
stone retrieval or laser targeting. Furthermore, the need for 
advanced and costly endoscopic equipment may restrict its 
wider use [8].

In contrast, PCNL provides direct percutaneous access to the 
renal collecting system, followed by tract dilation, stone 
fragmentation, and removal through a nephroscope. This 
approach has consistently demonstrated high stone-free rates 
and shorter treatment courses [9–11]. However, PCNL is also 
associated with potentially serious complications, most of 
which are linked to the tract size and formation [12,13].

To mitigate morbidity—such as blood loss, postoperative 
pain, and renal parenchymal trauma—efforts have been 
directed toward reducing tract size. This led to the 
development of miniaturized techniques, where PCNL is 
performed using smaller endoscopes (11–20 Fr access 
sheaths), referred to as Mini-PCNL. The term is typically 
applied to tracts less than 20 Fr.

From a technical standpoint, Mini-PCNL is considered less 
invasive, as smaller tracts are associated with reduced 
transfusion requirements and less renal trauma. Although 
studies suggest no major differences in postoperative renal 
scarring or loss of function compared to standard PCNL, the 
smaller working channel can sometimes limit the efciency of 
stone fragmentation and extraction [14].

Given these considerations, this study was designed to 
prospectively compare Mini-PCNL with Standard PCNL in the 
management of 1–2 cm lower calyceal stones, evaluating their 
relative safety, efcacy, and feasibility.

MATERIALS AND METHODS
This was a prospective comparative study conducted at NIMS 
Hospital between July 2023 to  December 2024. A total of 60 
patients with lower calyceal renal stones measuring 1–2 cm 
were enrolled. Approval was obtained from the Institutional 
Ethics Committee prior to the start of the study. Patients were 
informed about the investigational nature of the procedures, 
and written consent was obtained before inclusion.

Participants Were Assigned To Two Groups:
Ÿ Standard-PCNL group (n = 30)
Ÿ Mini-PCNL group (n = 30)

Inclusion Criteria: Patients aged 18–60 years with a solitary 
lower calyceal stone measuring 1–2 cm.
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Exclusion Criteria: Patients with untreated coagulopathies, 
active urinary tract infection or pyonephrosis, abnormal renal 
anatomy or function on imaging, multiple stones, or age 
outside the dened range.

Stone size was dened as the maximum dimension observed 
on preoperative plain abdominal radiographs.

The following outcomes were evaluated: operative time, 
intraoperative and postoperative complications, blood loss 
(hemoglobin drop and transfusion requirement), stone 
clearance at 1 month (X-ray KUB; fragments <4 mm 
considered insignicant), analgesic requirement (mg 
tramadol), and hospital stay (days).

All procedures were performed by a single surgeon . Mini-
PCNL was carried out with tract dilation up to 16–18 Fr and use 
of an 16 Fr miniature nephroscope. Stones were fragmented 
using Holmium:YAG laser. A 16 Fr nephrostomy tube was 
placed at the end. Standard-PCNL involved tract dilation up to 
24–26 Fr, stone fragmentation with pneumatic lithotripsy, and 
placement of a 20 Fr nephrostomy tube. In both groups, a 5 Fr 
double-J stent was inserted. Nephrostomy tubes were 
removed on rst postoperative day, catheter were removed 24 
hours after that and patients were discharged accordingly.

Data were analyzed using Microsoft Excel, SPSS (version 
27.0).  Continuous variables were expressed as mean ± SD, 
and a p-value <0.05 was considered statistically signicant.

RESULTS
Sixty patients were studied, with 30 in each treatment group. 
Out of the 30 patients in each group, the mini PC group 
comprised 18 males and 12 females while the standard PCNL 
group included 16 males and 14 females. The mean age was 
38.2 ± 19.8 years in the Mini-PCNL group and 45.2 ± 14.8 
years in the Standard-PCNL group.

The mean operative time was signicantly longer in Mini-
PCNL (55.06 ± 5.02 minutes) compared with Standard-PCNL 
(39.06 ± 4.54 minutes; p < 0.0001). The mean hospital stay 
was slightly shorter in Mini-PCNL (2.8 ± 0.40 days) compared 
to Standard-PCNL (3.0 ± 0.64 days), but this difference was 
not statistically signicant (p = 0.156). Analgesic requirement 
was signicantly lower in Mini-PCNL (35.0 ± 16.86 mg) versus 
Standard-PCNL (55.83 ± 27.60 mg; p = 0.001). Hemoglobin 
drop was also less in Mini-PCNL (0.55 ± 0.17 g/dL) compared 
with Standard-PCNL (1.0 ± 0.32 g/dL; p = 0.0001). Stone 
clearance rates were similar, with 96.66% in Mini-PCNL and 
100% in Standard-PCNL (p = 0.313).

Complications were fewer in Mini-PCNL but without 
signicant differences. Pelvicalyceal perforation occurred in 1 
Mini-PCNL patient and 2 Standard-PCNL patients (p = 0.700). 
Signicant bleeding was reported in 3 Standard-PCNL cases 
but none in Mini-PCNL (p = 0.248), with 1 patient requiring 
transfusion. Postoperative fever occurred in 2 Mini-PCNL and 
4 Standard-PCNL patients (p = 0.505).

DISCUSSION
PCNL remains a cornerstone in the management of renal 
calculi, offering direct access to the collecting system and high 
clearance rates in a single procedure. In our study, male 
predominance (56.7%) was observed, consistent with earlier 
studies by De la Rosette et al. [15] and Bayles et al. [16]. The 
mean age was slightly lower compared to those studies, likely 
reecting sample size limitations.

The most notable limitation of Mini-PCNL was its longer 
operative time, in agreement with ndings from Mishra et al. 
[19] and Zhu et al. [20]. Prolonged surgery may be due to 
smaller instrument size, limited visibility, and the need for 
extensive laser fragmentation.

Analgesic use was signicantly lower in Mini-PCNL patients, 
supporting the view that smaller tract sizes reduce 
postoperative pain [21]. Hospital stay was marginally shorter 
with Mini-PCNL but not statistically signicant, possibly due to 
the routine placement of nephrostomy tubes in all patients. 
Zhu et al. [20] reported shorter hospitalization in Mini-PCNL 
when tubeless techniques were used.

Complications such as fever, bleeding, and perforation were 
slightly more common in Standard-PCNL, with bleeding being 
the most clinically relevant. Tract size has consistently been 
identied as a major factor inuencing blood loss [19,22,23]. 
In our series, no Mini-PCNL patient required transfusion, 
further supporting the safety of this approach.

Stone-free rates were excellent in both groups, with no 
signicant difference, echoing ndings from previous meta-
analyses [22]. Overall, Mini-PCNL demonstrates comparable 
efcacy and safety to Standard-PCNL while reducing blood 
loss and analgesic requirement. Its main drawback remains 
longer operative time.

CONCLUSION
Mini-PCNL provides stone clearance outcomes comparable to 
Standard-PCNL for lower calyceal stones measuring 1–2 cm. 
Despite requiring a longer operative time, Mini-PCNL offers 
advantages such as reduced bleeding, smaller hemoglobin 
drop, and lower analgesic requirement. Hospital stay was 
marginally shorter, though not statistically signicant. Both 
procedures demonstrated a similar safety prole. Mini-PCNL 
can therefore be considered a safe and effective alternative to 
Standard-PCNL.
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