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ABSTRACT  

Background: Antenatal Renal stones pose a significant health burden, and their composition influences 

treatment strategies. Dual Energy Computed Tomography (DECT) offers a non-invasive method to characterize 

stone composition, aiding clinical decision-making. Objective: This study evaluates the efficacy of DECT in 

determining the composition of renal stones compared to traditional chemical analysis. 

Materials and Methods: A prospective study included 60 patients with renal stones undergoing DECT imaging. 

Stones were analyzed for composition using DECT and validated against post-extraction chemical analysis. Data 

on age, stone size, and composition were collected. Sensitivity, specificity, and accuracy of DECT were 

calculated. Results: DECT accurately identified uric acid (UA), calcium oxalate (CaOx), and cystine stones with 

92% sensitivity and 95% specificity. The mean age of patients was 45 years, with a male predominance (65%). 

Three tables summarized stone composition distribution, DECT accuracy, and age demographics, while a graph 

illustrated age distribution. Conclusion: DECT is a reliable, non-invasive tool for determining renal stone 

composition, offering high accuracy and guiding treatment. Its integration into clinical practice could enhance 

patient outcomes. 
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INTRODUCTION 

Renal stones, or urolithiasis, affect approximately 

10-15% of the global population, causing significant 

morbidity due to pain, infection, and potential renal 

damage (1). The composition of renal stones—uric 

acid (UA), calcium oxalate (CaOx), cystine, or 

struvite—directly influences treatment approaches, 

ranging from medical dissolution to surgical 

intervention (2). Accurate identification of stone 

composition is critical for tailoring therapy, yet 

traditional methods like chemical analysis require 

stone extraction, which is invasive and delayed (3). 

Dual Energy Computed Tomography (DECT) has 

emerged as a promising non-invasive imaging 

modality that differentiates materials based on their 

X-ray attenuation at two energy levels (4). Unlike 

single-energy CT, DECT exploits the differential 

absorption of tissues and materials, enabling precise 

characterization of stone composition without 

invasive procedures (5). 

The principle of DECT relies on acquiring images at 

high (e.g., 140 kVp) and low (e.g., 80 kVp) energy 

levels, allowing differentiation of materials based on 

their atomic number and density (6). Studies have 

demonstrated DECT’s ability to distinguish UA 

from non-UA stones with high sensitivity, aiding in 

decisions for alkali therapy versus lithotripsy (7). 

Furthermore, DECT reduces diagnostic ambiguity in 

complex cases, such as mixed-composition stones, 

which are challenging to assess with conventional 

imaging (8). Its non-invasive nature and rapid results 

make it a potential game-changer in urolithiasis 

management (9). However, its accuracy across 
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diverse stone types and patient demographics 

requires further validation (10). 

This study aims to evaluate DECT’s efficacy in 

determining renal stone composition compared to 

gold-standard chemical analysis. By analyzing a 

cohort of patients with varied stone types, we seek to 

confirm DECT’s diagnostic accuracy and explore its 

clinical utility. The findings could support 

integrating DECT into routine practice, improving 

patient outcomes by enabling timely, composition-

specific interventions. We hypothesize that DECT 

offers high sensitivity and specificity for identifying 

UA, CaOx, and cystine stones, potentially reducing 

the need for invasive procedures. 

MATERIALS AND METHODS 

This prospective study was conducted at a tertiary 

care hospital between January 2018 and December 

2019, approved by the institutional ethics committee. 

We enrolled 60 patients aged 18-70 years with 

confirmed renal stones via ultrasound or single-

energy CT. Exclusion criteria included pregnancy, 

contrast allergy, and renal dysfunction (eGFR <30 

mL/min). Informed consent was obtained from all 

participants. 

DECT imaging was performed using a dual-source 

CT scanner (Siemens SOMATOM Definition Flash) 

with simultaneous 80 kVp and 140 kVp acquisitions. 

Scan parameters included 0.5-second rotation time, 

1.2 pitch, and 1 mm slice thickness. Stone 

composition was analyzed using proprietary 

software that calculated material-specific attenuation 

ratios. Post-imaging, patients underwent stone 

extraction via ureteroscopy or percutaneous 

nephrolithotomy, and extracted stones were 

subjected to infrared spectroscopy for chemical 

composition analysis, serving as the reference 

standard. 

Data collected included patient age, gender, stone 

size, and composition (UA, CaOx, cystine, or 

mixed). DECT’s sensitivity, specificity, and 

accuracy were calculated by comparing its 

predictions to chemical analysis results. Statistical 

analysis was performed using SPSS version 22.0, 

with p-values <0.05 considered significant. Age 

distribution was visualized in a graph, and results 

were tabulated for clarity. 

RESULTS 

The study cohort comprised 60 patients (39 males, 

21 females) with a mean age of 45 ± 12 years. 

DECT identified stone composition with 92% 

sensitivity and 95% specificity compared to 

chemical analysis. A graph and three tables 

summarize the findings. 

 

Figure 1: Age Distribution of Patients 

 

The graph illustrates the age distribution, showing a 

peak incidence of renal stones in the 40-50-year age 

group (n=22, 37%). Patients aged 20-30 years 

(n=10, 17%) and 60-70 years (n=8, 13%) were less 

represented, suggesting a middle-age predominance. 

This distribution aligns with epidemiological data on 

urolithiasis, reflecting metabolic and lifestyle factors 

prevalent in this age range. 

 

Table 1: Stone Composition Distribution 

Stone Type Number of 

Cases (n) 

Percentage 

(%) 

Calcium Oxalate 

(CaOx) 

32 53 

Uric Acid (UA) 15 25 

Cystine 8 13 

Mixed 5 8 

Table 1 presents the distribution of urinary stone 

compositions among the study population. 

Calcium oxalate (CaOx) stones were the most 

prevalent, accounting for 53% (n=32) of cases, 

which aligns with established global patterns 

where CaOx stones are most commonly 

encountered. Uric acid (UA) stones followed 

with 25% (n=15), while cystine stones made up 

13% (n=8), and mixed composition stones 

represented 8% (n=5). Dual-energy computed 



 Page 72 

tomography (DECT) demonstrated high 

diagnostic accuracy in characterizing stone 

composition, particularly in identifying all UA 

stones with 100% precision and correctly 

classifying 94% of CaOx stones. However, 

minor inaccuracies were observed in identifying 

mixed stones, likely due to overlapping 

attenuation values on DECT imaging. These 

findings underscore the utility of DECT in 

differentiating stone types, particularly for 

guiding medical versus surgical management 

strategies. Accurate stone characterization is 

crucial for personalized treatment, recurrence 

prevention, and choosing appropriate dietary or 

pharmacologic interventions. 

Table 2: DECT Diagnostic Accuracy 

Table 2: DECT Diagnostic Accuracy 

Metric Value (%) 

Sensitivity 92 

Specificity 95 

Accuracy 93 

UA Sensitivity 100 

Cystine Sensitivity 88 

Table 2 highlights the diagnostic performance of 

Dual-Energy Computed Tomography (DECT) in 

characterizing urinary stones. DECT demonstrated 

high sensitivity (92%), specificity (95%), and 

overall accuracy (93%), confirming its reliability in 

clinical practice. Notably, DECT achieved 100% 

sensitivity for identifying uric acid (UA) stones, 

which is critical for guiding non-invasive, medical 

management. Cystine stones showed slightly lower 

sensitivity at 88%, likely due to variability in stone 

density and composition, which can affect image 

interpretation. Despite this, DECT remains a highly 

effective tool for stone analysis. Minor limitations 

with cystine detection indicate the potential for 

improvement with future imaging software 

advancements. 

Table 3 correlates age with stone type, showing UA 

stones more common in older patients (mean age 52 

years) and CaOx in younger ones (mean age 42 

years). This trend may reflect dietary and metabolic 

differences across age groups. DECT’s consistent 

performance across ages supports its broad 

applicability in diverse patient populations. 

Table 3: Age and Stone Type Correlation 

Stone Type Mean Age (years) 

Uric Acid (UA) 52 

Calcium Oxalate (CaOx) 42 

DISCUSSION 

DECT’s ability to non-invasively determine renal 

stone composition marks a significant advancement 

in urolithiasis management (11). Our study confirms 

DECT’s high sensitivity (92%) and specificity 

(95%), aligning with prior research demonstrating its 

superiority over single-energy CT (12). The 100% 

sensitivity for UA stones is particularly noteworthy, 

as these stones are amenable to medical dissolution, 

potentially sparing patients invasive procedures (13). 

This finding corroborates earlier studies that 

reported DECT’s precision in distinguishing UA 

from non-UA stones based on dual-energy ratios 

(14). 

The predominance of CaOx stones (53%) in our 

cohort reflects global patterns, driven by dietary 

factors like high oxalate intake (15). DECT’s 94% 

accuracy for CaOx stones supports its clinical utility, 

though challenges with mixed stones highlight 

limitations in resolving complex compositions (16). 

These discrepancies may arise from overlapping 

attenuation profiles, suggesting a need for advanced 

software algorithms (17). Our results also indicate 

DECT’s consistent performance across age groups, 

addressing concerns about its efficacy in older 

patients with altered renal physiology (18). 

Integrating DECT into routine practice could 

streamline treatment planning, reducing reliance on 

invasive stone analysis (19). However, its higher 

radiation dose compared to single-energy CT 

warrants careful consideration, particularly in 

younger patients (20). Future research should focus 

on optimizing DECT protocols to minimize radiation 

while maintaining diagnostic accuracy. Additionally, 

cost-effectiveness analyses are needed to justify its 

widespread adoption in resource-limited settings 

(21). Our findings underscore DECT’s potential to 

transform urolithiasis care by providing rapid, 

accurate, and non-invasive stone characterization. 

This study has limitations. The sample size (n=60) 

may limit generalizability, particularly for rare stone 
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types like struvite. The study was conducted at a 

single center with advanced DECT equipment, 

potentially limiting applicability in settings with 

older scanners. Mixed stones posed diagnostic 

challenges, suggesting software limitations. 

Radiation exposure, though within safe limits, 

remains a concern for repeated imaging. Finally, the 

study excluded patients with severe renal 

dysfunction, potentially skewing the cohort. 

CONCLUSION 

DECT is a highly accurate, non-invasive tool for 

determining renal stone composition, with 92% 

sensitivity and 95% specificity. It excels in 

identifying UA stones, guiding non-invasive 

treatments. Despite minor challenges with mixed 

stones, DECT’s integration into clinical practice 

could enhance urolithiasis management, reducing 

invasive procedures and improving patient 

outcomes. Further research should address radiation 

concerns and software enhancements. 
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