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Introduction

Abstract

Background:

Renal stones, also known as nephrolithiasis, are a common and increasingly prevalent
condition with significant morbidity. The composition of renal stones, which can include
calcium oxalate, uric acid, cystine, or struvite, plays a crucial role in determining the
appropriate treatment strategy. Traditionally, the diagnosis of renal stone composition has
relied on techniques such as stone analysis and metabolic testing; however, these methods
can be invasive and time-consuming. Dual-energy computed tomography (DECT) has
emerged as a promising non-invasive imaging modality capable of accurately identifying the
composition of renal stones based on their attenuation properties at different energy levels.
Obijective:

This study aims to evaluate the diagnostic performance of dual-energy CT (DECT) in
identifying renal stone composition and to compare its accuracy with conventional imaging
techniques in a case-control setting. The study also explores the potential clinical implications
of DECT for guiding treatment decisions in renal stone management.

Methods:

A case-control study was conducted involving 150 patients with clinically diagnosed renal
stones. Of these, 75 patients with known stone composition were included in the "control”
group, while the remaining 75 had no previous stone analysis and were included in the "case"
group. All patients underwent DECT imaging. Stone composition was assessed through
DECT imaging and compared with the gold standard, which was the stone analysis post-
surgery or post-passage. Sensitivity, specificity, and accuracy of DECT in detecting renal
stone composition were calculated.

Results:

DECT showed a sensitivity of 92%, specificity of 89%, and an overall accuracy of 91% in
determining the composition of renal stones. The accuracy varied based on stone
composition, with calcium oxalate stones being the most accurately identified (96%),
followed by uric acid (90%) and struvite stones (85%). DECT provided rapid results,
facilitating the timely management of patients compared to traditional methods.

Conclusion:

Dual-energy CT demonstrates excellent accuracy in identifying renal stone composition and
offers a non-invasive, rapid alternative to traditional methods such as stone analysis. It has
the potential to improve the management of renal stones by aiding in the selection of the most
appropriate treatment, whether medical or surgical, based on stone composition. Future
studies are warranted to confirm these findings and evaluate the long-term clinical outcomes
of DECT-guided treatment strategies.

Keywords:
Dual-energy CT, Renal stones, Stone composition, Nephrolithiasis, Imaging modalities,
Diagnosis, Urolithiasis.

Renal stones, or nephrolithiasis, are a common condition affecting a significant portion of the

global population!. They are characterized by the formation of crystalline structures within the

renal parenchyma and urinary tract, which can lead to severe pain, obstruction, hematuria, and, in

some cases, kidney damage®®. The management of renal stones is heavily dependent on the

composition of the stones, as different types of stones require different therapeutic approaches. For

example, calcium oxalate stones are often managed with hydration and dietary changes, while uric
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acid stones may require alkalinization of the urine or the use of specific medications like
allopurinol®°,

Traditionally, stone composition is determined through stone analysis, which requires the stone to
be passed or surgically removed. While this method is accurate, it is invasive, time-consuming,
and impractical in cases where stones are not surgically removed. Non-invasive methods, such as
ultrasound and plain radiography, have limitations in detecting stone composition. Ultrasound is
effective in detecting the presence of stones but lacks the resolution needed to differentiate between
different types of stones. Plain radiography is useful for identifying radiopaque stones, such as
calcium-based stones, but it is less effective for non-radiopaque stones, such as uric acid.

Recent advancements in imaging technology have introduced dual-energy computed tomography
(DECT) as a promising modality for renal stone analysis. DECT uses two different energy levels
to scan the body, allowing for the differentiation of materials based on their attenuation
characteristics at each energy level. This enables the identification of stone composition by
analyzing how the material of the stone interacts with the X-ray beams at different energies. The
ability to non-invasively identify stone composition in vivo can significantly impact treatment
decisions, making DECT a valuable tool in renal stone management**13,

Despite the promising potential of DECT, its clinical application in renal stone composition
remains an area of ongoing research. Previous studies have suggested that DECT can accurately
differentiate between calcium oxalate, uric acid, and struvite stones, but larger and more robust
clinical studies are required to validate these findings. In this study, we aim to evaluate the role of
DECT in identifying renal stone composition and compare its accuracy with conventional imaging
modalities'*1°,

Methods

This study was designed as a case-control investigation conducted at a HAMEED
LATIF HOSPITAL LAHORE for urology and nephrology. A total of 150 patients, aged 18 to 70
years, with clinically diagnosed renal stones were included. The patients were divided into two
groups: the case group (75 patients) consisted of individuals who had not undergone stone analysis
prior to the study, while the control group (75 patients) included those who had previously
undergone stone analysis, with known stone composition.

Each patient underwent dual-energy CT imaging of the abdomen and pelvis using a 128-slice CT

scanner. DECT scans were acquired with two different energy levels (80 kVp and 140 kVp), and
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the data were analyzed using dedicated software to differentiate between the various stone types
based on their material composition. The DECT images were then compared to the gold standard,
which was stone analysis via laboratory techniques (post-surgery or post-passage), to determine
the accuracy of DECT in identifying renal stone composition.

Inclusion criteria for the study were: (1) age between 18 and 70 years, (2) clinically diagnosed
renal stones, and (3) willingness to undergo DECT imaging. Exclusion criteria included (1) known
allergies to contrast material, (2) patients with a history of renal surgery or stone removal, (3)
pregnant or breastfeeding women, and (4) patients with other significant comorbidities that could
affect the study outcomes.

The primary outcome measure was the sensitivity, specificity, and accuracy of DECT in
identifying the composition of renal stones. Secondary outcomes included the time required to
perform the scan and the potential clinical implications of DECT-based management strategies.

Results

The findings of the study showed that dual-energy CT was highly accurate in identifying renal
stone composition, with an overall sensitivity of 92%, specificity of 89%, and an accuracy of 91%.
The accuracy of DECT varied by stone composition: calcium oxalate stones were identified with
a sensitivity of 96%, uric acid stones with a sensitivity of 90%, and struvite stones with a sensitivity
of 85%. The results suggest that DECT can reliably distinguish between different types of renal
stones, even in cases where traditional imaging techniques may fail.

Table 1 summarizes the diagnostic performance of DECT in detecting renal stone composition
compared to the gold standard (stone analysis). The results show a high degree of correlation
between DECT and the stone analysis, with minimal discrepancies.

Table 1: Diagnostic Performance of DECT in Identifying Renal Stone Composition

Stone Type Sensitivity (%) Specificity (%) Accuracy (%)
Calcium Oxalate 96 92 94
Uric Acid 90 88 89
Struvite 85 87 86
Overall Accuracy 92 89 91
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DECT imaging allowed for a rapid assessment of stone composition, providing results in less than
30 minutes, which is significantly faster than traditional stone analysis methods. This time
advantage could potentially lead to faster clinical decision-making and improved patient outcomes.
Discussion

The results of this study support the growing body of evidence suggesting that dual-energy CT is
an effective and reliable tool for identifying the composition of renal stones!®'®. The high
sensitivity and specificity observed for calcium oxalate and uric acid stones in this study align with
previous research, which has demonstrated the ability of DECT to differentiate between these
common stone types. The ability to accurately identify stone composition non-invasively is a
significant advancement in renal stone management, as it enables clinicians to tailor treatment
strategies based on the specific type of stone?.

For example, in patients with uric acid stones, medical management aimed at alkalinizing the urine
and dissolving the stones can be initiated immediately following DECT imaging. Similarly, in
patients with calcium oxalate stones, dietary modifications and preventive measures can be
implemented without the need for invasive stone analysis?t. Struvite stones, often associated with
urinary tract infections, can also be promptly identified, allowing for appropriate antibiotic therapy
to prevent recurrence.

One of the key advantages of DECT over traditional methods is its speed. Stone analysis typically
requires the stone to be passed or surgically removed, which can delay treatment and increase
patient discomfort. DECT provides immediate results, allowing for faster treatment initiation and
potentially reducing the need for invasive procedures.

While DECT shows great promise, there are certain limitations to consider. The cost of DECT
equipment and the need for specialized software to analyze the data may limit its widespread
adoption, particularly in low-resource settings. Additionally, the accuracy of DECT may vary
depending on factors such as stone size, location, and the presence of other substances in the
urinary tract, which may affect attenuation values.

Future studies should focus on further validating the performance of DECT in diverse patient
populations, including those with complex comorbidities or previous renal surgeries. Additionally,
long-term studies assessing the impact of DECT-guided management on clinical outcomes, such
as recurrence rates and quality of life, are needed to establish its full clinical utility.The use of

dual-energy computed tomography (DECT) for identifying the composition of renal stones has
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garnered increasing attention in the medical community due to its non-invasive nature and high
diagnostic accuracy. This study confirms that DECT is highly effective in differentiating stone
compositions, with sensitivity rates reaching up to 96% for calcium oxalate stones, 90% for uric
acid stones, and 85% for struvite stones. These findings align with several prior studies,
highlighting DECT as a reliable tool for the management of nephrolithiasis.

Renal stones are typically composed of different substances, including calcium oxalate, uric acid,
struvite, and cystine. Each stone type requires a unique management strategy, and the ability to
identify the composition quickly and non-invasively can significantly impact clinical decision-
making. For example, calcium oxalate stones, which are the most common type, require strategies
focused on hydration and dietary modification. Uric acid stones can often be managed by
alkalinizing the urine, while struvite stones, which are associated with urinary tract infections,
require both antimicrobial therapy and surgical intervention. DECT’s ability to differentiate
between these stone types provides clinicians with the information needed to initiate the most
appropriate treatment without delay, avoiding unnecessary invasive procedures such as stone
analysis or surgery.

The high accuracy of DECT observed in this study aligns with the findings of previous studies that
have demonstrated the modality’s reliability in renal stone composition analysis. Hsi et al. (2004)
and Griffith (2000) both highlighted the importance of accurate stone identification in guiding
management decisions. Furthermore, recent advances in DECT technology have improved its
ability to differentiate stones that may be challenging to identify using traditional imaging
modalities such as ultrasound and plain radiography. According to Efstathiou et al. (2014),
DECT’s ability to distinguish between various stone compositions in a single imaging session is a
major advantage over conventional methods, which may require multiple procedures or invasive
techniques to achieve the same outcome.

However, while DECT shows promise in renal stone diagnosis, there are some limitations to
consider. The sensitivity and specificity of DECT may vary based on stone size and location, as
well as the presence of other materials such as blood clots or debris in the urinary tract.
Additionally, the cost of DECT equipment, as well as the need for specialized software to analyze
the data, could limit its widespread adoption, particularly in resource-limited settings. As noted by

Yanagisawa et al. (2013), DECT imaging equipment can be expensive, and the availability of
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trained radiologists and clinicians who can interpret the images may also limit its clinical use in
some areas.

Despite these limitations, the advantages of DECT in terms of speed and non-invasive composition
analysis cannot be overstated. Traditional stone analysis, while accurate, requires the stone to be
passed or surgically removed, which is often associated with increased patient discomfort and
longer treatment timelines. DECT, on the other hand, can provide accurate results within minutes,
allowing for faster clinical decisions and the initiation of treatment plans. This is particularly
valuable in cases where stone removal is not immediately necessary and where a more conservative
management strategy could be considered.

The accuracy of DECT in identifying calcium oxalate stones is especially noteworthy, as these
stones represent a significant proportion of all renal stones. According to Ghiculete et al. (2012),
calcium oxalate stones are often resistant to dissolution therapies, and the ability to detect them
early can prevent complications such as obstruction, infection, or stone growth. In contrast, uric
acid stones are more amenable to medical management, such as urinary alkalinization, and being
able to identify these stones early on can allow for more effective treatment.

Several studies have also suggested that DECT could play a role in reducing the number of
unnecessary surgical interventions for patients with renal stones. With its high accuracy in stone
identification, DECT can help avoid unnecessary stone removal procedures in patients whose
stones can be managed with conservative measures. This finding is consistent with research by
Efstathiou et al. (2014), who noted that DECT has the potential to reduce healthcare costs by
minimizing the need for invasive procedures and promoting a more targeted approach to stone
management.

Moreover, while DECT is generally reliable, there are ongoing challenges that must be addressed.
As Ghiculete et al. (2012) pointed out, the accuracy of DECT can be influenced by various factors
such as patient movement, stone density, and the presence of other substances in the urinary tract.
These variables can sometimes make stone identification less straightforward, which underscores
the importance of combining DECT findings with other clinical assessments, such as patient
history and laboratory tests.

Future research should aim to further evaluate DECT's clinical applicability by assessing its use in
diverse patient populations, including those with complex comorbidities or a history of previous

renal surgeries. Studies by Skolarikos et al. (2012) suggest that DECT’s diagnostic performance
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could be further optimized by refining scanning protocols and developing more sophisticated
image reconstruction algorithms to account for variations in stone characteristics. Expanding the
clinical application of DECT to include long-term outcomes, such as recurrence rates and patient
satisfaction, will be essential to understanding its true impact on patient management.
Additionally, large-scale studies comparing DECT with other advanced imaging modalities, such
as magnetic resonance imaging (MRI), may help establish its superiority or complementary role
in the diagnostic pathway for nephrolithiasis. While MRI has been explored as an alternative
imaging technique for kidney stones, it remains less widely used due to its cost, availability, and
limited ability to assess stone composition (Hsi et al., 2004).
In conclusion, DECT represents a significant advancement in the diagnosis and management of
renal stones. The technology’s ability to accurately identify stone composition in a non-invasive
and time-efficient manner has the potential to revolutionize renal stone management by enabling
personalized, targeted treatment strategies. As the field of medical imaging continues to evolve,
DECT’s role in nephrolithiasis management will likely expand, providing valuable benefits to both
patients and clinicians alike.
Conclusion
This case-control study demonstrates that dual-energy CT is a highly accurate, non-invasive
imaging modality for identifying renal stone composition. It offers significant advantages over
traditional methods, including rapid results and the ability to guide personalized treatment
strategies. DECT can play a key role in improving the management of renal stones by providing
timely and accurate information on stone composition, potentially leading to better patient
outcomes and reduced healthcare costs.
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