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1. Background-Aim

The primary aim of this study is to explore the potential use of gold nanoparticles (Au 
NPs) in the treatment and management of urolithiasis (urinary stone disease), a 
condition that affects a significant proportion of the global population. Approximately 
15% of men and 7% of women are likely to develop urinary stones at least once in 
their lifetime, with a recurrence rate of about 50% within ten years, making this a 
critical public health issue. Current treatment modalities, while effective, often 
present limitations in terms of recurrence prevention and side effects. Given the 
increasing biomedical interest in nanotechnology, gold nanoparticles, with their 
excellent biocompatibility, low toxicity, and versatile functional properties, offer a 
promising avenue for developing more efficient and safer therapeutic approaches.
This study aims to evaluate the therapeutic potential of Au NPs in both preventing 
stone formation and facilitating stone dissolution, addressing critical knowledge gaps 
in the current understanding of nanoparticle-mediated treatments for urolithiasis. 
The research will also include a systematic review and meta-analysis of existing 
literature by gathering data from comprehensive databases, 
including Scopus, PubMed, Google Scholar, and the Cochrane Library. This extensive 
review aims to provide a robust understanding of the current state of research on Au 
NPs in urolithiasis and identify areas where novel contributions can be made. By 
investigating the interactions between Au NPs and the pathological processes 
involved in urinary stone formation, this research seeks to lay the foundation for new 
nanotechnology-based treatments that could reduce recurrence rates and improve 
patient outcomes.
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2. Materials & Methods

This study employed the Cochrane Review methodology, conducting systematic searches across major academic databases, 
including PubMed, Scopus, and Google Scholar, between January and August 2024. The search aimed to identify studies 
that investigated the use of gold nanoparticles (Au NPs) in the treatment of urolithiasis (urinary stones). The goal was to 
gather a comprehensive understanding of the current research landscape, covering various therapeutic applications of Au 
NPs in urinary stone disease.
The search strategy involved a combination of keywords related to nanoparticles, nanomedicine, and urolithiasis, 
specifically tailored to capture a broad range of relevant studies. The search terms included, but were not limited to:
•Nanoparticles AND Urolithiasis, Nanoparticles AND Kidney stones, Nanoparticles AND Calculi, Nanoparticles AND 
Nephrolithiasis, Nanoparticles AND Urinary stones, Nanomedicine AND Urolithiasis, Nanomedicine AND Kidney stones, 
Nano-drugs AND Urolithiasis, Au NPs AND Calculi, Gold Nanoparticles AND Urolithiasis
To capture studies on specific types of urinary stones, additional keywords were included: Nanoparticles AND Calcium 
Oxalate, Nanoparticles AND Uric Acid Stones, Nanoparticles AND Calcium Phosphate, Nanoparticles AND Struvite, 
Nanoparticles AND Cystine, etc
These terms were systematically combined using Boolean operators (AND/OR) to refine and focus the search on relevant 
literature. Articles were selected based on their relevance to the research topic, specifically focusing on studies that 
examined the use of nanoparticles (particularly gold nanoparticles) in preventing or treating various forms of urinary stones.
The inclusion and exclusion criteria for the articles were based on their study design, sample size, methodology, and 
relevance to the therapeutic use of nanoparticles in urolithiasis. Only peer-reviewed articles, clinical trials, experimental 
studies, and reviews were considered for inclusion.
These systematic searches across the databases were conducted between January and August 2024 to ensure that the most 
recent and relevant studies were included. The resulting articles formed the basis for a comprehensive review and analysis of 
the potential role of Au NPs in the treatment of urolithiasis.



3. Results
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The flow diagram outlines the process of selecting 
studies for inclusion in the review. The search 
across databases such as Scopus, PubMed, and 
Google Scholar identified 983 records. After 
removing 165 duplicates, 965 records were 
screened based on their relevance, leading to the 
exclusion of 913 records. Subsequently, 52 full-
text articles were assessed for eligibility, with 35 
articles excluded for various reasons (e.g., 
irrelevance, methodological flaws). Finally, 17 
studies met the inclusion criteria and were 
included in the qualitative synthesis, providing a 
robust foundation for the systematic review.



3. Results

The graph above illustrates the trend of publications 
related to nanoparticles and kidney stones by year. It 
reveals that:
•There was a gradual increase in publications 
from 2010 to 2017.
•A significant spike in research occurred 
between 2019 and 2024, with peaks in 2021, 2022, 
and 2023.
•This indicates growing interest and advancements in 
the field, particularly in recent years.

The co-authorship network graph above shows the 
collaborations between authors in the field of nanoparticles 
and kidney stones research. Each node represents an author, 
and the edges connecting them represent co-authored 
papers. The more connected a node, the more collaborations 
that author has.
The network structure highlights a densely connected field, 
with many authors working together on shared research 
projects.
This visualization demonstrates the collaborative nature of 
this research area, with certain clusters indicating specialized 
groups or teams working on related topics.



4. Conclusions

Gold nanoparticles (Au NPs) have emerged as a promising tool in the 
treatment of urolithiasis, particularly for enhancing laser lithotripsy 
techniques. Their unique properties, such as strong photothermal 
capabilities, high biocompatibility, and the ability to be functionalized for 
targeted delivery, make them ideal for medical applications. In laser 
lithotripsy, Au NPs absorb laser light and convert it into localized heat 
through surface plasmon resonance, effectively weakening the structure of 
kidney stones and making them easier to fragment. This photothermal 
effect allows for the use of lower laser energy, which not only increases the 
efficiency of stone fragmentation but also reduces the risk of collateral 
tissue damage. The enhanced precision provided by gold nanoparticles 
means that stones can be targeted more effectively, ensuring better 
outcomes during the procedure.
Moreover, gold nanoparticles can be functionalized to selectively bind to 
the stone surface, further optimizing laser lithotripsy. By adhering directly 
to the stones, Au NPs help concentrate laser energy on the stone, reducing 
the amount of energy required and thus minimizing the risk of side effects 
like tissue overheating. This targeted approach also enhances the post-
procedure expulsion of stone fragments by altering the surface 
characteristics of the stone, making it easier for the body to naturally pass 
the broken-down particles. Overall, gold nanoparticles improve the efficacy 
and safety of laser lithotripsy, offering a highly efficient and less invasive 
option for the treatment of kidney stones.
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