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 The advancement of retrograde intrarenal surgery (RIRS) has been accompanied by the 

evolution of many promising tools that aim at improving patient selection and predicting 

surgery outcomes in terms of stone fragmentation and expected complications. The 

incorporation of artificial intelligence (AI) into the advanced imaging technologies such as dual-

energy CT scan (DECT), three-dimensional (3D) reconstruction, and radiomics resulted in a 

number of clinical tools and algorithms forwarded to surgeons to use in their daily practice. 

This commentary critically examines these clinical algorithms, highlighting the absence of 

prospective validation, the potential for overreliance, and the possible limitations of their 

clinical applicability. AI-driven predictive models often rely on retrospective, uniform datasets 

taken from a single center, with evident interpretability concerns. Similarly, DECT and 3D 

reconstructions might provide detailed information about the anatomy of the renal collecting 

system and stone composition, but they do not account for real-time surgical dynamics. 

Radiomics, in the other hand, provides excellent insights into stone behavior, but their 

reproducibility and clinical relevance are still to be tested. 

The take-home message of this commentary is that conventional CT metrics—such as stone 

size and density—continue to outperform novel techniques in reliability and accessibility, and 

the adoption of emerging technologies in RIRS must be cautious, ethically sound, and evidence-

based, reinforcing the primacy of clinical judgment in urologic care. 
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Retrograde intrarenal surgery (RIRS) has quickly become the first-

line therapy for renal stones, especially stones smaller than 20 mm in 

size. As the ureteroscopy and laser technologies have improved, 

patient outcomes have also improved dramatically. However, the new 

frontier in RIRS looks like it is preoperative precision – who are the 

patients most likely to gain, with the least risk and best stone 

clearance? 

AI algorithms and sophisticated imaging techniques, including 

dual-energy CT (DECT) and three-dimensional (3D) reconstructions, 

are driving this ambition 1,2. Although these new technologies present 

exciting opportunities, surgeons contend that their clinical 

implementation at present is premature. Without robust, prospective 

validation, over-credence in these technologies poses the danger of 

injecting a misleading sense of objectivity into nuanced, personalized 

surgical decision making. 

AI and Predictive Algorithms: Promise Meets Prematurity 

Artificial intelligence (AI) has been utilized to improve diagnosis 

and management in medicine in general 3. In urology and stone 
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disease in specific, AI models (especially machine learning 

classifiers) have been built to forecast stone-free rates, complication 

risks, and procedural complexity in RIRS 4. These models frequently 

include information from electronic patient records, imaging 

characteristics, and operative details to produce predictive 

probabilities. Investigations similar to those of Aminsharifi et al. and 

Pérez-Fentes et al. have reported predictive accuracy greater than 

85% using support vector machines and logistic regression model 

trained on retrospective data 5,6. 

In spite of this, these tools still carry substantial limitations when 

it comes to their clinical applicability as most of them use single-

center datasets with minimal demographic and anatomical diversity 7. 

In addition, many models are complex, making it difficult for 

clinicians to understand the way a certain prediction was made [8]. 

RIRS requires intraoperative judgment that considers stone migration, 

renal anatomy, infundibular angles, and laser dynamics, so a "black-

box" risk prediction model cannot be relied upon to make the final 

treatment decision. Until these algorithms are prospectively validated 

across multiple centers, they should be considered experimental tools 

only, not clinical decision aids. 

Dual-Energy CT: Sophisticated Imaging with Limited Clinical 

Leverage 

Among the advantages of dual energy CT are its ability to 

distinguish stone composition based on attenuation differences at 

varying energy levels, particularly between calcium oxalate and 

calcium phosphate stones 9,10. DECT can provide an accurate estimate 

of effective atomic number and iodine content that can be effectively 

related to stone response to shockwave lithotripsy and laser 

fragmentation, this in turn will help the treating clinician choosing the 

appropriate, high yield modality of treatment. 

In real life, this is not the situation because mixed-composition 

stones make the majority of stones. These mixed-composition stones 

do not show a predictable attenuation pattern that can be related to a 

specific type of stone or fragmentation response 11,12. Furthermore, the 

scene is more complicated when taking into consideration the 

technical variabilities in terms of the manufacturer, software used, and 

the tube current modulation 13. To summarize, DECT at present can 

provide valuable information to take into consideration when making 

decisions on stone treatment but cannot be relied on in dictating 

patient selection for RIRS. 

3D Reconstruction: Intuitive Planning or Unnecessary 

Complexity? 

When exploring how 3D reconstruction might improve RIRS 

planning, researchers are building on successes seen in PCNL 

procedures. Just as detailed 3D kidney maps-showing calyces, stone 

locations, and infundibular dimensions-are created from CT scans 

using specialized software 14, some teams are testing "virtual RIRS" 

simulations to help surgeons rehearse maneuvers and predict 

challenges before stepping into the operating theaters 15. But here’s 

the catch: while these models look impressive, there’s little proof they 

actually boost surgery success rates or save time 16. Unlike PCNL, 

where choosing the skin access point is half the procedure, RIRS 

relies largely on the surgeon’s real-time adaptability and the scope’s 

flexibility. Moreover, static 3D images cannot simulate breathing 

patterns, patient positioning, or fluid dynamics during live surgery, all 

of which can detriment the best made plan 17. Until well-designed 

studies confirm their practical value, 3D reconstruction images remain 

more of a "nice-to-have" than essential tools for RIRS. 

Radiomics and AI-Augmented CT Interpretation: A Double-

Edged Sword 

Imagine if CT scans could tell surgeons not just where kidney 

stones are, but how easily they will fragment with laser. That’s the 

promise of radiomics, a smart imaging analysis that looks beyond 

basic shapes to decode texture patterns of renal stones. Early studies 

suggest these "digital fingerprints" (characteristics like stone 

roughness, density variations, and internal complexity) might predict 

which stones will fragment quickly and which will need more laser 

time or energy 18. Studies by Xiang et al. and Lyu et al. have even 

linked radiomic features to stone composition, and potentially stone 

fragmentation efficiency 19,20. 

Radiomics however, share most of the limitations of other AI 

tools. The accuracy of feature extraction is highly dependent on the 

precise definition of the region of interest and the quality of the 

imaging data, raising concerns regarding reproducibility across 

different CT scanners and imaging protocols 21. Furthermore, the lack 

of interpretability of radiomic signatures and the absence of 

prospective clinical trials limit the current applicability of these 

findings in routine clinical practice. Consequently, similar to dual-

energy CT (DECT) and 3-D reconstruction techniques, radiomics 

remains primarily a research tool rather than a validated clinical 

instrument. 

Revisiting Basic Imaging Metrics: A Cautionary Contrast 

A comparison between advanced imaging modalities and 

established, conventional parameters underscore the enduring clinical 

value of the latter. In many studies, renal stone density measured in 

Hounsfield units (HU) on non-contrast CT was identified as a robust 

predictor of shock wave lithotripsy (SWL) outcomes, with stones 

exhibiting HU values below 800 demonstrating a significantly higher 

likelihood of successful fragmentation under shockwave therapy 22,23. 

This observation is corroborated by multiple independent 

investigations, which consistently report that lower HU values are 

associated with improved SWL efficacy, whereas stones exceeding 

1000 HU are linked to higher rates of treatment failure and the need 

for alternative interventions 23,24. 

Although these researches focused on SWL, these findings 

highlight a broader principle: fundamental CT-derived metrics, when 

interpreted within the appropriate clinical context, can serve as 

powerful predictors of treatment outcomes. In the context of 

retrograde intrarenal surgery (RIRS), stone volume and density-

whether assessed manually or through automated volumetric analysis-

remain among the most reliable predictors of operative duration and 

surgical success 25. Prior to the widespread adoption of advanced 

imaging technologies or artificial intelligence-driven platforms, it is 

imperative that the urologists ensure these foundational parameters 

are fully standardized, readily accessible, and rigorously validated in 

clinical practice. 

The Ethical and Economic Imperative for Validation 

Integrating advanced technologies such as dual-energy CT 

(DECT), three-dimensional (3D) reconstruction, and AI-based 

predictive tools into everyday clinical practice brings with it important 
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ethical and financial considerations. Without thorough validation, 

these innovations risk widening disparities in healthcare access, 

particularly for patients in resource-limited settings, as the costs and 

infrastructure required may not be universally available [26]. 

Additionally, reliance on proprietary software and hardware 

introduces further challenges, including concerns about transparency, 

data ownership, and the accountability of algorithms-issues that are 

not yet sufficiently addressed in the current urologic literature 27,28. 

The medical field has previously witnessed enthusiasm for new 

technologies that, despite their initial promise, ultimately failed to 

deliver on their expectations. For example, the introduction of robot-

assisted surgical systems and fusion biopsy platforms generated 

significant excitement, yet subsequent experience revealed that, in the 

absence of robust validation, such innovations can lead to 

inappropriate use, inefficient allocation of resources, or even 

diagnostic errors29. As the adoption of AI and advanced imaging in 

RIRS accelerates, it is crucial that the lessons of the past guide current 

practice. Ensuring that new technologies are rigorously evaluated 

before widespread implementation will help prevent repeating cycles 

of overpromising and underdelivering and will safeguard both patient 

outcomes and healthcare equity. 

Conclusion: Precision Demands Prudence 

The ongoing evolution of retrograde intrarenal surgery (RIRS) 

increasingly depends on precise patient selection, which remains 

central to optimizing outcomes. While technological advances such as 

dual-energy computed tomography (DECT), three-dimensional (3D) 

reconstruction, and artificial intelligence (AI)-driven analytics are 

impressive, it is essential to distinguish between what is 

technologically feasible and what is clinically necessary. Current 

guidelines and expert consensus emphasize that, in the absence of 

robust evidence from prospective, multicenter trials demonstrating 

clear benefits-such as improved stone-free rates, reduced 

complications, or enhanced procedural efficiency-these advanced 

tools should be regarded primarily as investigational rather than 

standard of care. 

The potential pitfalls of premature adoption are not theoretical. 

Over-reliance on unvalidated technologies risks shifting clinical 

decision-making away from individualized, bedside assessment 

toward algorithm-driven abstraction. This may undermine the 

nuanced judgment required in patient care, as precision unsupported 

by strong evidence can be misleading. Until these innovations are 

validated through rigorous, outcome-focused studies, they should be 

viewed as adjuncts to, rather than replacements for, clinical expertise 

and judgment. 
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