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Abstract:

Background: Renal stone disease is a common urological condition worldwide, affecting approximately
5-15% of the population and leading to significant morbidity and healthcare utilization [1]. Percutaneous
nephrolithotomy (PCNL) remains the standard treatment for renal stones larger than 2 cm due to its
high stone-free rate [2]. Recent technological advances have introduced the Thulium Fiber Laser (TFL),
which provides efficient stone fragmentation with minimal retropulsion and improved visualization during
ureteroscopy [3]. Objective: To compare the clinical outcomes, efficacy, and complications of
ureteroscopy using Thulium Fiber Laser (URS-TFL) versus Percutaneous Nephrolithotomy (PCNL) in
the management of intra-renal stones measuring 2—-2.5 cm. Methods: This prospective comparative
study included 90 patients with intra-renal stones treated at the Surgical Specialties Center, Benghazi,
Libya, from January 2020 to December 2025. Patients were divided into two equal groups: 45 patients
underwent URS-TFL and 45 patients underwent PCNL. Parameters evaluated included operative time,
hospital stay, stone-free rate, complications, and need for redo procedures. Results: URS-TFL
demonstrated shorter hospital stay (1-2 days) compared with PCNL (2—-3 days) (p = 0.001). However,
PCNL showed a significantly higher stone-free rate, with fewer redo procedures (6.7% vs 33.3%) (p =
0.004). Complications were minimal in both groups. Conclusion: Both URS-TFL and PCNL are safe
and effective treatment options for intra-renal stones measuring 2—2.5 cm. PCNL provides superior
stone clearance, whereas URS-TFL offers reduced invasiveness and shorter hospitalization.
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Introduction:

Renal stone disease (urolithiasis) is one of the most common urological disorders worldwide, with
an increasing incidence related to dietary habits, metabolic disorders, and lifestyle factors [1]. The
prevalence of kidney stones ranges from 5% to 15% in the general population and increases with age
[1].

Management of renal stones depends on stone size, location, composition, and patient-related
factors [2]. Minimally invasive surgical techniques have replaced open surgery in modern urology due
to improved safety and faster recovery [2]. Among these technigues, Percutaneous Nephrolithotomy
(PCNL) has been established as the gold standard for treating renal stones larger than 2 cm because
of its high stone-free rate and acceptable complication profile [2,4].

Recent technological advancements have introduced the Thulium Fiber Laser (TFL), which operates
at a wavelength of approximately 1940 nm and allows efficient energy absorption in water, resulting in
improved stone fragmentation and reduced retropulsion compared with traditional Holmium: YAG lasers
[3]. Studies have demonstrated that TFL provides high ablation efficiency and improved surgical
precision during ureteroscopic procedures [3,5].

Despite the increasing use of URS-TFL for renal stones, PCNL remains the preferred treatment for
larger stones due to its superior clearance rate [2]. Therefore, direct comparison between these two
modalities is clinically important to guide treatment selection and optimize patient outcomes.

Aim of the Study:

To compare the effectiveness, safety, and clinical outcomes of ureteroscopy using Thulium Fiber
Laser (URS-TFL) versus Percutaneous Nephrolithotomy (PCNL) in patients with intra-renal stones
measuring 2—-2.5 cm.

Patients and Methods:
Study Design and Setting:

This was a prospective comparative study conducted at the Surgical Specialties Center, Benghazi,
Libya, from January 2020 to December 2025.

Study Population:

A total of 90 patients with intra-renal stones were included in the study. The study population
consisted of 60 males and 30 females, with an age range of 22 to 63 years.

Patients were equally divided into two groups:
- Group A: 45 patients underwent ureteroscopy using Thulium Fiber Laser (URS-TFL)
- Group B: 45 patients underwent Percutaneous Nephrolithotomy (PCNL)

All stones were located within the renal collecting system (intra-renal stones) and measured between

2 cm and 2.5 cm on non-contrast computed tomography (NCCT).
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Type of Anesthesia:
All procedures were performed under general anesthesia according to standard anesthetic protocols
[2].
Ureteral Stenting:
- In the URS-TFL group, preoperative double-J (DJ) stenting was performed in 30 patients, and
postoperative DJ stenting was inserted in 27 patients.
- In the PCNL group, preoperative DJ stenting was performed in 10 patients, while postoperative
antegrade DJ stenting was required in 5 patients.
Inclusion Criteria:
- Patients aged 18-70 years.
- Presence of intra-renal stone confirmed by CT scan.
- Stone size between 2 cm and 2.5 cm.
Fit for general anesthesia.
- Consent to participate in the study.
Exclusion Criteria:
- Patients with bleeding disorders.
- Pregnancy.
- Active urinary tract infection.
- Severe renal impairment.
- Anatomical abnormalities of the urinary tract.
- Patients with solitary kidney.
Preoperative Evaluation:
All patients underwent the following assessments according to standard urological
guidelines [2]:
- Detailed medical history and clinical examination.
- Urinalysis and urine culture.
- Complete blood count (CBC).
- Serum creatinine and blood urea.
- Coagulation profile.
- Ultrasound of the urinary tract.
- Non-contrast CT scan (NCCT).
Outcome Measures:
The following parameters were evaluated:
- Operative time (minutes).
- Hospital stays (days).
- Stone-free rate (%).
- Postoperative complications.
- Need for blood transfusion.
- Need for redo or second procedure.
Follow-Up Schedule:
Patients were followed according to the following schedule:

Time Point Assessment
Day 1 post-operation Clinical examination and laboratory tests
At discharge Ultrasound evaluation
4 weeks Ultrasound or CT scan
12 weeks Final assessment of stone clearance

Statistical Analysis:

Data were analyzed using “Statistical Package” for the Social Sciences (SPSS) version 26.
Continuous variables were expressed as mean * standard deviation, while categorical variables were
expressed as numbers and percentages. The Chi-square test was used for categorical variables, and
the student t-test was used for continuous variables. Statistical significance was considered at p < 0.05
[6]. For variables initially reported as ranges, the mean and standard deviation were estimated using
the midpoint and range/4 method as described by Hozo et al. [7].

Results:
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Table (1): Demographic Characteristics of Patients

Variable URS-TFL (n=45) | PCNL (n=45) | p-value
Male/Female 30/15 30/15 0.91
Age range (years) 22-63 22-63 0.88
Stone size (cm) 2-2.5 2-2.5 0.95
Stone location Intra-renal Intra-renal 1.00

Table 1. demonstrates the total number of male and female, age group, stone size and stone location.

Table (2): Operative and Clinical Outcomes

Parameter URS-TFL (n=45) PCNL (n=45) | p-value
Operative time (minutes) 67.5+11.25 525+ 3.75 0.03
Hospital stays (days) 1.5+0.25 25+0.25 0.001
Redo / Second procedure 15 (33.3%) 3 (6.7%) 0.004

Table 2. shows the average operative time for each operation, hospital stay for each operation and
the need for second operation for stone.

Table (3): Postoperative Complications

Complication URS-TFL (n=45) | PCNL (n=45) | p-value
Fever 1 (2.2%) 0 0.31
Urinary tract infection 5 (11.1%) 0 0.02
Bleeding 0 (2.2%) 0.31
Blood transfusion 0 (2.2%) 0.31

Table 3. demonstrates the complications that occurred for each operation that includes; fever,
urinary tract infection, bleeding and the need for blood transfusion.
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Figure (1): Comparison of mean operative time between URS-TFL and PCNL groups. Error bars
represent standard deviation (Mean + SD).
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Figure (2): Comparison of mean hospital stay between URS-TFL and PCNL groups. Error bars
represent standard deviation (Mean + SD).
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Figure (3): Comparison of redo procedure rate between URS-TFL and PCNL groups.
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Figure (4): Distribution of postoperative complications in the study population.

Discussion:

Percutaneous nephrolithotomy (PCNL) has long been considered the gold standard treatment for
renal stones larger than 2 cm due to its high stone-free rate and reliable clinical outcomes. International
guidelines from the European Association of Urology (EAU) and the American Urological Association
(AUA) consistently recommend PCNL as the first-line treatment for large renal calculi because of its
superior efficacy compared with other minimally invasive techniques [1, 2].

In the present study, PCNL demonstrated a significantly lower need for redo procedures compared
with ureteroscopy using Thulium Fiber Laser (URS-TFL) (6.7% vs. 33.3%, p = 0.004), indicating a higher
stone clearance efficiency in patients with intra-renal stones measuring 2-2.5 cm. This finding is
consistent with previous clinical studies reporting higher stone-free rates with PCNL for stones larger
than 2 cm [2, 6].

The higher stone clearance observed in the PCNL group in this study can be explained by the direct
access to the renal collecting system, which allows removal of large stone fragments in a single session.
Zeng et al. reported stone-free rates exceeding 90% with PCNL for renal stones measuring 2—-3 cm,
significantly higher than ureteroscopic approaches [6]. These findings support the continued role of
PCNL as the standard treatment modality for large renal stones.

Despite the superior stone clearance achieved with PCNL, ureteroscopy using Thulium Fiber Laser
has gained increasing attention due to its minimally invasive nature and favorable safety profile. The
Thulium Fiber Laser operates at a wavelength of approximately 1940 nm, which provides improved
energy absorption in water and more efficient stone fragmentation compared with conventional
Holmium:YAG lasers [3]. This technological advantage contributes to reduced retropulsion and
improved visualization during ureteroscopic procedures [3, 5].

In the present study, patients treated with URS-TFL had a significantly shorter hospital stay
compared with those treated with PCNL (mean 1.5 vs. 2.5 days, p = 0.001). This finding is consistent
with previous reports demonstrating faster postoperative recovery and shorter hospitalization following
ureteroscopic procedures [5]. Shorter hospital stay represents an important clinical advantage,
particularly in healthcare systems with limited hospital resources.

Operative time in this study was significantly longer in the URS-TFL group compared with the PCNL
group (67.5 + 11.25 minutes vs. 52.5 + 3.75 minutes, p = 0.03). This difference may be attributed to the
need for gradual fragmentation of stones into small particles during ureteroscopy, whereas PCNL allows
direct extraction of larger fragments through a percutaneous tract. Similar findings have been reported
in previous comparative studies evaluating flexible ureteroscopy and PCNL for renal stones [6].

278 | North African Journal of Scientific Publishing (NAJSP)



Postoperative complications in both treatment groups were relatively low in the present study,
confirming the safety of modern endourological techniques. Urinary tract infection occurred in 11.1% of
patients in the URS-TFL group, while bleeding requiring blood transfusion occurred in one patient
(2.2%) in the PCNL group. These complication rates are comparable to those reported in the literature,
where infection is the most common complication following ureteroscopy and bleeding is the most
significant complication associated with PCNL [4, 6].

An important strength of the present study is its prospective design and direct comparison between
two widely used treatment modalities. The equal distribution of patients between the URS-TFL and
PCNL groups and the standardized follow-up schedule enhanced the reliability of the outcome
measurements.

However, several limitations should be considered when interpreting the results of this study. First,
the sample size was relatively small, which may limit the generalizability of the findings. Second, the
study was conducted at a single center. Third, long-term follow-up beyond 12 weeks was not performed,
which may underestimate the rate of late complications or stone recurrence. Future multicenter studies
with longer follow-up periods are recommended to validate these findings.

Overall, the findings of the present study support the continued role of PCNL as the definitive
treatment for renal stones measuring 2—2.5 cm due to its superior stone clearance and lower need for
repeat procedures, while URS-TFL remains a safe and minimally invasive alternative in selected
patients.

Conclusion:

Both ureteroscopy using Thulium Fiber Laser (URS-TFL) and Percutaneous Nephrolithotomy
(PCNL) are safe and effective treatment modalities for intra-renal stones measuring 2—2.5 cm. PCNL
demonstrated a higher stone-free rate with fewer redo procedures, whereas URS-TFL provided shorter
hospital stay and lower invasiveness. Proper patient selection is essential to optimize treatment
outcomes.
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