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ABSTRACT 

 
Background: Urolithiasis describes the frequent urological condition where stones build up inside the urinary system. Minimally invasive surgery has 
changed urolithiasis treatment by reducing recovery time and complications while producing better results. The research shows patients receive varying 
benefits from each treatment method and more scientific study is needed to understand their true value. 

 

Objectives: to determine how well four new treatment methods ESWL, URS, PCNL, and RIRS work for handling urolithiasis while evaluating patient 
outcomes and safety levels across various patient groups. 

 

Study Design: A Prospective Comparative Study. 

 

Duration and place of study. Department of Urology and Nephrology MTI Bacha Khan Medical College , Mardan from jan 2021 to jan 2022 

 

Methods: 120 patients with kidney stones who received ESWL, URS, PCNL, or RIRS treatment. We divided patients into groups by looking at stone size 

and its location. We documented every patient's treatment results by measuring stone removal effectiveness, medical side effects, and their time to heal. 

We analyzed data using SD and p-values to maintain precise comparison methods. We studied the relationship between treatment outcomes and patient 

information together with the surgical techniques used P-value 0.5. 

 

Results: Our analysis of 120 patients found ESWL removed 75% of stones up to 2 cm (SD ±10%, p<0.05) while URS and RIRS provided treatment 

success of 90% and 85% for stones under 1.5 cm ( PCNL delivered a 95% stone dissolution success rate when treating stones larger than 2cm. ESWL 

presented the fastest return to normal activities at 3 days plus or minus 1 day although PCNL patients needed 7 days plus or minus 2 days to recover 

completely. PCNL treatments led to most of the minor problems seen in 10% of all patient cases. 

 

Conclusion: The use of reduced-incision stone removal techniques shows high success rates but the treatment outcome depends on both stone size and 

precise location. Healthcare teams select ESWL for small stones but turn to PCNL for treating bigger stones. RIRS and URS provide versatility and 

precision. To improve patient outcomes in treating urolithiasis we must focus on developing new technologies and creating individualized treatment 

methods. 
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INTRODUCTION 

 

Urolithiasis affects many people worldwide because stones 

develop in the urinary tract at rates between 1% and 15% 

based on location and lifestyle factors. The disease causes 

many health problems through frequent pain episodes and 

infections and can result in kidney damage when in 

advanced stages. Medical treatment has changed 

profoundly through the years from full-scale open 

procedures to modern minimally invasive approaches [1]. 

Patients benefit from advanced treatments that produce 

enhanced success rates and require less time to heal while 

reducing treatment risks [2, 3]. Doctors use ESWL, URS, 

PCNL and RIRS today as their main minimally-invasive 

treatment options for urolithiasis. ESWL works as a 

painless procedure to break up small-to-medium kidney 

stones located in the kidney and upper part of the ureter [4]. 

The treatment shows reduced results against large and 

dense stones which typically requires several treatment 

rounds [5]. URS offers a flexible treatment option by 

permitting surgeons to both visualize stones and break them 

up using modern laser tools inside the kidney or ureter [6]. 

RIRS represents a modern surgical approach that lets 

doctors treat stones inside the renal pelvis and calyces with 

exact precision [7]. Large and intricate stones best respond 

to PCNL treatment which shows superior stone removal 

success through a small puncture channel. Doctors choose 

surgery types based on the size of the stone plus its location 

and makeup while also considering specific health 

conditions. Research examines how each approach helps 

stones and shows what this method offers versus what it 

does not. ESWL achieves fast post-surgery recovery 

alongside light tissue intrusion yet shows reduced results 

with complex stones. Though PCNL delivers excellent 

results for big stones it produces higher complications than 

standard treatment methods [8, 9]. The two methods URS 

and RIRS together offer practical stone treatments for 

stones that need special handling due to their size or shape. 

We will study how this collection of treatment methods 

work for urolithiasis by reviewing recent patient 

treatments. Through this analysis we measure stone 

clearing ability and examine health risks and healing time 

to determine the best surgical method. 

 

METHODS 

 

This study Conducted in Department of Urology and 

Nephrology MTI Bacha Khan Medical College , Mardan 

from jan 2021 to jan 2022 We studied patients with 

diagnosed urolithiasis who chose either ESWL URS PCNL 

or RIRS treatment. Our research included patients from 18 

to 70 years old who had stones identified through 

radiological examinations. We took out patients from our 

study who had ongoing infections, blood disorders, or 

untreated physical challenges. Our research team retrieved 

data from computerized patient files regarding patient 

demographics, stone features, treatment procedures, 

disease removal performance, treatment side effects, and 

recovery periods. Qualified urologists delivered treatments 

following official treatment guidelines. A follow-up 

imaging scan showed that surgery successfully removed 

the stones. All patients required medical checkups for three 

consecutive months after the surgery. 

 

ETHICAL APPROVAL: 

 

The study was approved by the Institutional review 

board/Ethical review board Bacha khan Medical College 

Mardan (No. 303-BKMC 09 /01/2023). 

 

DATA COLLECTION 

 

A predefined format helped us capture both patient 

background data and information about their stones during 

treatment procedures and healing processes. The medical 

team conducted CT scans and ultrasounds at first and last 

to make sure patients removed all stones successfully. We 

followed Clavien-Dindo classification standards to record 

all complications following treatment. By scheduling 

follow-up appointments we obtained all needed 

information to perform strong statistical analysis. 

 

STATISTICAL ANALYSIS 

 

Data were analyzed using SPSS version 24.0. Our study 

measures continuous variables using average values and 

standard deviations while we show categorical variables as 

frequencies or percentages within the data. Our statistical 

methods included chi-square for categorial data and 

ANOVA or t-tests for measuring continuous variables. We 

accepted results as statistically significant when their p- 

value was below 0.05. 

 

RESULTS 

 

120 patients ESWL (30), URS (30), PCNL (30), and 

RIRS (30). The treatment success for stones below 2 cm 

under ESWL reached 78% with standard deviation of 9.5% 

which demonstrated statistical significance at p<0.05. 

URS demonstrated excellent stone clearance efficacy at 

88% with low risk to patients. RIRS delivered high 

success rates of 85% when treating smaller than 2 

centimeter renal stones (SD ±8.3% with p<0.01). This 

treatment method demonstrated exceptional precision 
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for complex anatomical conditions. PCNL led all stone 

removal methods with a 94% success rate at treating stones 

larger than 2 cm yet required eight days of recovery time. 

Complications were noted in 12% of cases: ESWL (5%), 

URS (3%), PCNL (8%), and RIRS (4%). Most were minor 

 

Fig 01: The success rate by Procedure finding 

 

 

(Clavien-Dindo Grade I-II). The time needed to recover 

after treatment was least for ESWL and most for PCNL. 

Our results confirm that we should choose specific surgical 

treatments to match stone properties and client needs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 02: Finding Of Complication rate by Procedure 
 

 

 

Table 1: Patient Demographics 

Table 2: Stone Characteristics 

 

Parameter Value 

Stone Size (Mean ± SD) 1.8 ± 0.5 
cm 

Stone Location (Upper Urinary 

Tract) 

70% 

Stone Location (Lower Urinary 

Tract) 

30% 

 

 

Table 3: Procedure Outcomes 

 

Procedure Success 

Rate 

(%) 

Complication 

Rate (%) 

Recovery 

Time 

(Mean ± 
SD) 

ESWL 78 5 3 ± 1 days 

URS 88 3 4 ± 1 days 

PCNL 94 8 8 ± 2 days 

RIRS 85 4 4 ± 1 days 

 

 

Table 4: Statistical Significance 

 

Procedure p-value 

ESWL <0.05 

URS <0.01 

PCNL <0.001 

RIRS <0.01 

 

DISCUSSION: 

 

The research results support what other studies now 

prove about using less invasive methods to treat 

bladder stones. Research proves that medical teams 

must select appropriate surgical methods by looking at 

stone details and understanding both patients' health 

information and treatment results. Our research backs 

Characteristic Value 

Total Patients 120 

Age (Mean ± SD) 45 ± 12 years 

Male (%) 60% 

Female (%) 40% 
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up known findings by comparing how modern 

procedures work today. ESWL remains a fundamental 

therapy in treating urolithiasis after many years of 

practice. Recent research shows ESWL successfully 

treats smaller stones at a 70% to 80% success rate [10, 

11]. The study showed ESWL achieved 78% success 

despite treating stone sizes that matched the previous 

results proving ESWL remains an important treatment 

option. Past studies show that ESWL becomes less 

effective against bigger or denser stones so other 

treatment methods must be used instead [12, 13]. The 

medical community now selects Ureteroscopy (URS) 

widely because it provides safe treatment options for 

many different cases. Studies show that treating mid- 

to-lower urinary tract stones using this approach 

produces results above 85% clearance rates which 

matches our observed 88% success record [14, 15]. 

Our research matches past studies supporting URS's 

safe outcomes due to the improvements in laser 

technology and flexible endoscopes [16]. PCNL is the 

best available treatment method for removing larger 

stones from the kidneys. We achieved a success rate 

of 94% matching published results between 90% and 

95% from previous studies [17, 18]. Our findings 

show that the 8% complication rate for PCNL matches 

the acceptable standards seen in earlier studies. 

Modern small-size surgical tools are now reducing 

patient side effects as research since 2014 

demonstrates [19]. RIRS provides a new treatment 

choice for patients who face difficult stone conditions 

beyond standard PCNL therapy. Research shows our 

85% success rate falls within the 80% to 90% range 

identified by recent published studies [20, 21]. Due to 

its safe profile with only 4% complications, RIRS 

continues to gain acceptance as a minimally invasive 

choice for patients who seek low-risk medical 

procedures [22]. Our findings support an ongoing 

pattern of better treatment results from modern 

surgical equipment. Scientists now report that 

combining robotic medical tools with AI picture 

analysis strengthens both accuracy and speed in 

surgical operations. Upcoming stone treatment 

technologies will improve medical results while 

making less invasive procedures more versatile [23, 

24]. Our research backs up modern findings but adds 

new comparative views to the evidence. A patient's 

condition and stone features determine which 

treatment option works best. Recent technological 

progress and personalized treatments help physicians 

create better ways to treat urolithiasis. 

 

CONCLUSION 

Minimal-invasive methods work well and safely for 

urolithiasis treatment by using procedures that match 

both patient needs and stone characteristics. ESWL 

works effectively when treating tiny stones yet PCNL 

proves superior when dealing with big and difficult 

stones. Through careful selection of URS and RIRS 

methods doctors achieve precise treatment results for 

urolithiasis cases. 

 

LIMITATIONS 

 

This research study has two main limitations because 

it was conducted at a single medical facility and used 

historical patient data which might show patient 

preference bias. The research included only a few 

patients and only tracked short-term results due to 

these shortcomings. We must use extra care when 

applying these conclusions as operator skill and 

equipment proficiency can modify the outcome 

measurements. 

 

FUTURE DIRECTIONS 

 

Research teams should run big controlled studies 

across many medical centers to establish if these 

findings are correct. Research into new robotic 

technology for surgery plus AI and advanced 

shockwave machines will help us manage kidney 

stones better. Better health outcomes depend on 

research that watches patients recovery and checks 

how often their stones come back. 

 
ABBREVIATIONS. 

 

 ESWL: Extracorporeal Shock Wave Lithotripsy 

 URS: Ureteroscopy 

 PCNL: Percutaneous Nephrolithotomy 

 RIRS: Retrograde Intrarenal Surgery 

 SD: Standard Deviation 

 AI: Artificial Intelligence 
 CT: Computed Tomography 

 SPSS: Statistical Package for the Social Sciences 

 AUA: American Urological Association 
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