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Introduction.

Abstract: Computed Tomographic Renal Angiography (CTRA) has become an indispensable
imaging modality in the preoperative evaluation of living kidney donors, providing detailed
and accurate visualization of renal anatomy. Precise assessment of renal vasculature,
including the number, branching patterns, and anomalies of renal arteries and veins, is crucial
for donor selection and surgical planning to ensure optimal outcomes and minimize
complications. This review highlights the pivotal role of CTRA in the preoperative evaluation
process, emphasizing its advantages over other imaging modalities such as magnetic
resonance angiography (MRA) and digital subtraction angiography (DSA). With superior
spatial resolution, rapid image acquisition, and widespread availability, CTRA enables
comprehensive three-dimensional visualization of renal structures, assisting in the selection
of the most suitable kidney for donation and enhancing the safety and efficacy of donor
nephrectomy procedures. Technical considerations and diagnostic accuracy of CTRA are
thoroughly discussed, along with potential limitations such as radiation exposure and risks
associated with iodinated contrast agents. Innovations in imaging protocols, including low-
dose CT techniques and contrast-free imaging advancements, are explored as potential
solutions to these challenges, aiming to further optimize donor safety. By synthesizing recent
advancements and clinical evidence, this review underscores the critical role of CTRA in living
donor evaluation and transplantation planning. Future directions, including the integration of
emerging technologies and standardized imaging protocols, promise to refine the application
of CTRA, ensuring improved outcomes for both donors and recipients in kidney
transplantation.
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Computed tomographic (CT) renal angiography is a critical imaging modality in the preoperative evaluation of
living kidney donors. This technique provides detailed anatomical and functional information about renal

vasculature, enabling accurate assessment of vascular variants, parenchymal abnormalities, and overall

suitability for donation. Its high spatial resolution, fast acquisition time, and capability for 3D reconstruction
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make it a preferred method over alternative imaging modalities such as magnetic resonance angiography
(MRA) and Doppler ultrasound. This review examines the methodology, clinical evidence, advantages,
limitations, and safety concerns associated with CT renal angiography in the context of living kidney donation.
[1]

Introduction Living kidney donation plays a pivotal role in addressing the global burden of end-stage renal
disease (ESRD). Comprehensive preoperative evaluation of living donors is essential to ensure donor safety
and optimize recipient outcomes. Imaging modalities such as CT renal angiography provide detailed anatomical
visualization, aiding in the surgical planning process. This imaging is crucial to reduce complications during
donor nephrectomy and enhance recipient outcomes through proper selection and planning. [2]

Importance of Preoperative Imaging Preoperative imaging aims to assess renal vasculature, identify
anatomical anomalies, and evaluate the suitability of the kidney for donation. CT angiography offers precise
delineation of vascular structures, parenchymal evaluation, and detection of congenital anomalies that could
impact surgical outcomes. It helps in determining which kidney is better suited for removal while preserving
donor safety. Accurate imaging minimizes surgical risks and ensures optimal donor-recipient matching, a
cornerstone in successful transplantation. [3]

Overview of CT Renal Angiography CT renal angiography utilizes multi-detector CT technology with contrast
media to produce high-resolution images of the renal arteries, veins, and parenchyma. This technique offers
advanced post-processing capabilities, including multiplanar reconstructions and 3D imaging, enabling
unparalleled visualization of complex vascular anatomy. The combination of speed, accuracy, and clarity
positions CT angiography as a gold standard in donor evaluation. [4]

Technique and Protocols CT renal angiography involves the intravenous administration of iodinated contrast
agents. The process typically includes arterial, venous, and delayed imaging phases to capture comprehensive
vascular anatomy. Standard imaging protocols are tailored to reduce radiation exposure while maintaining
diagnostic image quality. The use of low-dose techniques and iterative reconstruction algorithms ensures
patient safety without compromising outcomes. Delayed-phase imaging is often included to evaluate venous
anatomy, critical in donor nephrectomy planning. [5]

Figure 1. VR tree dimentional Computed Tomography (A) and (B) excretory stage imageries validate standard
structure of the assembling organization
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Figure 2. The LT (A) and the RT (B) kidneys and their arterial blood vessels on MPR and Capacity version
Computed Tomography imageries.
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Figure 3. Contrast enhanced MRA of the renal arteries revealed bilateral supernumerary renal arteries.
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Figure 4. Selective renal angiogram, white arrow: catheter in the left main renal artery, yellow arrows: ventral
and dorsal rami, blue arrows: segmental arteries, green arrows: interlobar arteries

Advantages of CT Renal Angiography The primary advantages of CT angiography include its high spatial and
temporal resolution, which allows precise visualization of renal vasculature. It is particularly effective in
detecting small accessory renal arteries that are often missed by other modalities. Additionally, its fast
acquisition times reduce motion artifacts, and its ability to evaluate both vascular and parenchymal anatomy
in a single study makes it comprehensive. These attributes make CT angiography a preferred choice for donor
evaluation. [6]

Limitations of CT Renal Angiography Despite its benefits, CT renal angiography has notable limitations. The
primary concern is exposure to ionizing radiation, which poses a long-term risk, particularly in younger donors.
The risk of contrast-induced nephropathy (CIN) is another limitation, although this risk is minimal in healthy
individuals. Additionally, the cost of CT angiography is higher compared to ultrasound-based methods, which
may be a consideration in resource-limited settings. [7]

Comparison with Magnetic Resonance Angiography Magnetic resonance angiography (MRA) is a non-
ionizing alternative to CT angiography. While it avoids radiation exposure, MRA lacks the spatial resolution of
CT and is more susceptible to motion artifacts. Its longer acquisition time can be a disadvantage in clinical
practice. Moreover, MRA is less reliable in detecting small vascular anomalies, limiting its utility in donor
evaluations. [8]

Role of Doppler Ultrasound Doppler ultrasound is another alternative that is safe, non-invasive, and cost-
effective. However, it provides limited information on the renal vasculature and is operator-dependent. Its
inability to reliably detect small accessory arteries or provide detailed parenchymal evaluation limits its role
as a standalone imaging modality for donor assessment. [9]

Clinical Evidence Supporting CT Angiography Multiple studies have demonstrated the efficacy of CT renal
angiography in preoperative evaluation. For instance, a study by Smith et al. (2015) reported a sensitivity of
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97% for detecting accessory renal arteries using CT angiography. This high sensitivity underscores the
modality’s role in ensuring accurate vascular mapping and reducing intraoperative surprises. [10]

Detection of Vascular Variants CT angiography is particularly effective in identifying vascular anomalies such
as accessory renal arteries, early branching patterns, and other deviations from typical anatomy. These findings
are critical for surgical planning as they influence the choice of surgical approach and the safety of vascular
clamping. Accurate detection of these variants reduces surgical complications and improves donor outcomes.
[11]

Renal Vein Evaluation Accurate delineation of renal vein anatomy is essential for nephrectomy planning. CT
angiography provides detailed visualization of venous structures, including the detection of anomalies like
retroaortic renal veins or multiple renal veins. Understanding venous anatomy is critical to avoiding
intraoperative complications and ensuring successful graft retrieval. [12]

Parenchymal Abnormalities CT imaging allows concurrent evaluation of renal parenchyma for conditions
such as cysts, tumors, or scarring. Identifying these abnormalities ensures the selected kidney is optimal for
transplantation. This dual evaluation capability highlights CT angiography's comprehensive nature in
preoperative donor assessment. [13]

Surgical Planning Applications Surgeons rely on CT angiography for detailed roadmaps of vascular anatomy,
which are indispensable during donor nephrectomy. 3D reconstructions aid in preoperative planning, enabling
precise vascular clamping and dissection strategies. This enhances surgical efficiency and reduces the risk of
complications. [14]

Radiation Dose Concerns Radiation exposure is a concern in CT imaging, particularly for younger donors.
However, advancements in low-dose imaging protocols and iterative reconstruction techniques have
significantly reduced radiation risks. These methods ensure diagnostic quality while prioritizing donor safety.
[15]

Contrast-Induced Nephropathy The risk of CIN is low in healthy donors undergoing CT angiography. Pre-
procedural hydration and the use of low-osmolar or iso-osmolar contrast agents are recommended to minimize
this risk. Proper patient selection and preparation further mitigate potential complications. [16]
Cost-Effectiveness Although CT angiography is costlier than ultrasound, its superior diagnostic accuracy and
ability to prevent surgical complications make it cost-effective in the long term. The modality’s ability to
optimize donor selection justifies its upfront expense. [17]

Case Study: Complex Vascular Anatomy A case study by Brown et al. (2020) illustrated the role of CT
angiography in identifying and managing a donor with complex vascular anatomy, facilitating successful
transplantation. Such examples underscore the modality’s indispensability in challenging cases. [18]
Advances in Imaging Technology Emerging technologies, such as dual-energy CT and Al-assisted imaging,
are enhancing diagnostic accuracy and efficiency. These advancements hold promise for further improving the
safety and reliability of CT angiography in donor evaluation. [19]

Comparison with Historical Modalities Conventional angiography, once considered the gold standard, has
largely been replaced by CT angiography due to its minimally invasive nature, faster acquisition times, and
lower complication rates. This transition reflects the technological evolution in imaging practices. [20]
Guidelines and Recommendations International guidelines consistently recommend CT angiography as the
preferred imaging modality for living kidney donor evaluation. These endorsements reflect its proven efficacy,
reliability, and comprehensive diagnostic capabilities. [21]

Future Directions Future research should focus on further reducing radiation exposure and improving
contrast agent safety. Advances in imaging technologies, such as Al integration and low-dose CT techniques,
are expected to enhance the utility of CT angiography. [22]

Conclusion CT renal angiography is an indispensable tool in the preoperative evaluation of living kidney
donors. Its ability to provide detailed anatomical and functional information ensures donor safety and
optimizes recipient outcomes. Despite its limitations, ongoing advancements promise to further enhance its
role in living donor programs. [23]
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