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Abstract 

The retroperitoneum is a structurally complex anatomical region characterized by extensive variability in vascular, fascial, 

and organ morphology, which may influence diagnostic accuracy and surgical outcomes. The objective of the study was 

to identify and characterize anatomical variants of retroperitoneal organs through comprehensive analysis of CT and MRI 

imaging data in correlation with cadaveric anatomical specimens. A combined radiologic–anatomic approach was used 

to evaluate multidetector CT and MRI examinations alongside standardized cadaveric dissections, allowing classification 

and comparison of variants involving the kidneys, adrenal glands, ureters, retroperitoneal vessels, and fascial 

compartments. A broad spectrum of anatomical variants was observed, including accessory renal arteries, atypical venous 

drainage patterns, deviations in ureteral trajectories, and variations in adrenal morphology, while fascial configurations 

demonstrated substantial variability often identifiable only with cadaveric correlation. CT provided the highest accuracy 

for vascular and positional variants, whereas MRI better delineated soft-tissue and fascial structures. Radiologic–

anatomic correlation improved recognition of subtle variants that were inconsistently detected on imaging alone. These 

findings underscore the clinical importance of understanding retroperitoneal variability, as many variants directly 

influence surgical planning, oncologic staging, and interpretation of retroperitoneal pathology. Integration of CT and MRI 

assessment with cadaveric validation enhances diagnostic precision and contributes to a more accurate understanding of 

retroperitoneal topography, supporting its value for improving clinical outcomes. 
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1. Introduction 

Understanding the clinical significance of anatomical 

variants of retroperitoneal organs is essential due to the 

high structural complexity and variability of the 

retroperitoneal space. Modern radiological literature 

emphasizes that the anatomy of the retroperitoneum 

remains only partially understood, and discrepancies 

between classical anatomical descriptions and 

radiological interpretation frequently lead to diagnostic 

inaccuracies. As noted in a contemporary review, 

conflicting concepts of retroperitoneal fascial anatomy 

persist, limiting the precision of CT and MRI 

interpretation and complicating clinical decision-making 

processes [1]. 

Anatomical variants of retroperitoneal structures—

particularly vascular, fascial, and organ-related 

variations—are widespread among the population and 

often remain asymptomatic. However, their presence 
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may considerably influence diagnostic accuracy, surgical 

access planning, and therapeutic strategies. Studies have 

demonstrated that such variants may alter radiological 

landmarks, resulting in misinterpretation of imaging data 

or increased risk during surgical intervention if not 

properly recognized preoperatively [2]. 

Computed tomography and magnetic resonance imaging 

remain the leading modalities for evaluating 

retroperitoneal structures due to their high spatial and 

contrast resolution. Nevertheless, the presence of 

anatomical variants often complicates the differentiation 

of pathological processes, particularly when 

retroperitoneal masses or inflammatory changes distort 

normal anatomy. Radiologists frequently encounter 

challenges in distinguishing benign from malignant 

retroperitoneal lesions because anatomical variations can 

obscure key diagnostic features or mimic pathology [3]. 

These issues highlight the importance of correlating 

radiological images with cadaveric anatomical studies to 

refine understanding of the normal and variant 

topography of retroperitoneal organs. 

Accurate characterization of retroperitoneal anatomy has 

direct clinical implications. Enhanced knowledge of 

common and uncommon anatomical variants contributes 

to improved diagnostic reliability, safer surgical 

planning, reduced risk of intraoperative complications, 

and more personalized patient management strategies. 

Integrating CT and MRI findings with cadaveric 

dissections allows clinicians to identify subtle variations 

that might otherwise be overlooked on imaging alone. 

This correlation helps establish more accurate 

anatomical maps and improves the consistency of 

radiological assessments, underscoring the relevance and 

necessity of ongoing research in this field. 

Thus, the study of anatomical variants of retroperitoneal 

organs through combined analysis of CT, MRI, and 

anatomical specimens is clinically significant because it 

reduces diagnostic errors, supports more precise surgical 

planning, and advances the overall quality of patient 

care. As radiologic–anatomic correlation continues to 

evolve, it holds substantial potential to improve 

outcomes for patients with retroperitoneal diseases. 

The objective of the study was to identify and 

characterize anatomical variants of retroperitoneal 

organs through comprehensive analysis of CT and MRI 

imaging data in correlation with cadaveric anatomical 

specimens. 

2. Methods 

The study included a combined radiologic–anatomic 

analysis conducted on CT and MRI datasets from adult 

patients and corresponding cadaveric anatomical 

specimens. Multidetector CT (MDCT) scans and high-

resolution MRI examinations were reviewed using 

multiplanar reconstruction techniques to evaluate the 

morphology, position, and spatial relationships of 

retroperitoneal organs. Imaging datasets were selected 

based on completeness of visualization, absence of 

severe artifacts, and demographic comparability. 

Cadaveric dissections were performed on anatomically 

preserved specimens using a standardized protocol that 

allowed detailed exposure of the kidneys, adrenal glands, 

ureters, great vessels, and retroperitoneal fascial layers. 

Anatomical landmarks, variants, and spatial 

relationships identified during dissection were 

documented photographically and compared directly 

with CT/MRI findings. 

Imaging interpretations were conducted independently 

by two radiologists with subsequent consensus 

evaluation. Anatomical variants were classified 

according to their type (vascular, positional, fascial, or 

organ-related) and frequency. Radiologic–anatomic 

correlation was performed to validate imaging 

interpretations and assess the diagnostic reliability of 

CT/MRI for detecting specific variants. 

3. Results 

The analysis of CT and MRI imaging datasets combined 

with cadaveric dissection revealed a broad spectrum of 

anatomical variants involving the kidneys, adrenal 

glands, ureters, major retroperitoneal vessels, and fascial 

structures. Radiologic–anatomic correlation significantly 

improved the differentiation between normal variability 

and true pathological alterations. 

Renal Vascular Variants 

A wide range of renal arterial and venous variants was 

observed. Accessory renal arteries were among the most 

common findings, frequently originating from the 

abdominal aorta and, less commonly, from the iliac 

arteries. Imaging evaluation reliably detected these 

variants, with multidetector CT outperforming MRI due 

to its higher spatial resolution and ability to visualize 

vessel caliber and branching patterns. Cadaveric 

validation confirmed most radiologic findings and 

clarified several ambiguous cases, particularly those 
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involving small-caliber accessory arteries. Variants of the 

renal veins included atypical drainage patterns, 

duplications, and retroaortic left renal veins, which were 

more readily identified on contrast-enhanced CT. 

Positional Variants of Retroperitoneal Organs 

The position and orientation of the kidneys demonstrated 

notable variability, including high or low renal positions, 

axial rotation differences, and mild asymmetry between 

left and right kidneys. MRI proved beneficial in 

evaluating renal morphology and perirenal soft tissues, 

while CT more precisely delineated positional 

relationships to adjacent structures. The cadaveric 

dissections confirmed these positional differences and 

provided three-dimensional anatomical context for 

interpreting borderline radiologic cases. 

Ureteral Variants 

Several variants of the ureteral course were identified, 

including medial or lateral deviations and atypical 

relations to the psoas muscle and gonadal vessels. CT 

urography sequences offered the best visualization of the 

ureteral path; however, cadaveric correlation revealed 

subtle deviations that were not consistently recognized 

on imaging alone, especially in cases where bowel loops 

or surrounding fat obscured the ureter. 

Adrenal Gland Variability 

Variations in adrenal gland size, shape, and orientation 

were observed. While the typical Y-, V-, or triangular 

shapes predominated, several atypical morphologies 

were documented, particularly involving elongated or 

fragmented gland configurations. MRI demonstrated 

superiority in delineating gland margins and internal 

architecture. Cadaveric dissection confirmed these 

morphologic variants and occasionally revealed 

accessory adrenal tissue that was not consistently 

visualized on imaging. 

Retroperitoneal Fascial Variants 

The fascial layers of the retroperitoneum exhibited some 

of the greatest variability. Discrepancies in the thickness, 

completeness, and continuity of the anterior and 

posterior renal fasciae, as well as variations in the 

interfascial planes, were observed both radiologically 

and anatomically. In several instances, MRI suggested 

the presence of additional or displaced fascial layers that 

were not clearly distinguishable on CT. Cadaveric 

examination provided definitive confirmation of these 

variations and revealed the presence of multiple fascial 

subdivisions not always recognized on imaging. These 

findings were particularly relevant for understanding the 

spread patterns of retroperitoneal infection, hemorrhage, 

and neoplastic processes. 

Correlation Between Imaging and Cadaveric 

Findings 

Overall, CT demonstrated the highest accuracy for 

identifying vascular and positional variants, while MRI 

was superior for characterizing fascial and soft-tissue 

variations. Radiologic–anatomic correlation resolved 

several inconsistencies, particularly in cases where small 

or subtle anatomical variants were misinterpreted as 

pathological findings on imaging alone. The combined 

methodological approach allowed for a more 

comprehensive anatomical assessment, illustrating that 

certain variants—especially those involving the fascial 

system—were underrecognized in routine radiologic 

practice. 

4. Discussion 

The results of the present study demonstrate that 

anatomical variants of retroperitoneal organs are not only 

widespread but also clinically meaningful, with direct 

implications for diagnostic accuracy and surgical 

planning. Radiologic assessment alone, even when 

performed using high-resolution CT and MRI, has 

inherent limitations when interpreting subtle variations 

in the topography and morphology of retroperitoneal 

structures. The correlation of imaging findings with 

cadaveric dissections provided a more comprehensive 

understanding of these variants and helped clarify several 

ambiguities encountered during image evaluation. 

A key observation in this study is the considerable 

variability in the renal vascular system, including 

accessory arteries, atypical venous drainage patterns, and 

positional deviations of the renal hilum. These findings 

align with observations from anatomical literature, 

underscoring the necessity for radiologists and surgeons 

to recognize vascular variability as a common occurrence 

rather than an exception. Misinterpretation of vascular 

variants may lead to complications in procedures such as 

partial nephrectomy, renal transplantation, endovascular 

interventions, or retroperitoneal tumor resection. The 

enhanced accuracy provided by CT, particularly with 

contrast-enhanced protocols, emphasizes the modality's 

critical role in preoperative vascular mapping. 
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The study also highlights the diagnostic relevance of 

ureteral and adrenal gland variants. While typically 

asymptomatic, these variants may directly influence 

clinical outcomes when associated with conditions such 

as ureteral obstruction, adrenal incidentalomas, or 

retroperitoneal fibrosis. The difficulty in visualizing the 

full ureteral course on MRI and the occasional obscuring 

effect of intestinal loops on CT emphasizes the 

importance of multimodal imaging and, where 

appropriate, correlation with anatomical knowledge. 

Cadaveric validation was particularly valuable for 

identifying subtle deviations in ureteral pathways that 

might otherwise be overlooked. 

One of the most significant contributions of this study 

involves the characterization of retroperitoneal fascial 

variability. The fasciae of the retroperitoneum—

including the anterior and posterior renal fasciae, as well 

as interfascial planes—are often incompletely 

represented or inconsistently described in radiologic 

literature. The discrepancies between imaging and 

cadaveric findings observed in this study reinforce 

concerns previously raised regarding the limitations of 

conventional imaging in capturing the true complexity of 

fascial anatomy. Given that these fascial planes guide the 

spread of infection, hemorrhage, and malignancy, 

accurate understanding of their configuration is essential 

for radiologic staging and surgical decision-making. 

Another important aspect emerging from this research is 

the value of radiologic–anatomic correlation as a 

methodological approach. This combined analysis not 

only improves diagnostic confidence but also enhances 

educational outcomes for radiologists, anatomists, and 

surgeons. The study demonstrates that even experienced 

radiologists may misinterpret anatomical variants when 

relying solely on imaging—particularly in the case of 

small, accessory structures or subtle fascial subdivisions. 

Cadaveric correlation offers a corrective mechanism that 

reinforces anatomical accuracy and helps establish more 

reliable imaging criteria. 

The findings also suggest that incorporating systematic 

radiologic–anatomic correlation into routine clinical 

practice may reduce the likelihood of diagnostic errors. 

This is especially pertinent in oncology, trauma imaging, 

and surgical planning, where misunderstanding of 

anatomical variability may lead to misclassification of 

lesions, incorrect delineation of operative fields, or 

selection of suboptimal approaches. The study indicates 

that image-based anatomical interpretation would benefit 

from more standardized reference models that reflect the 

full spectrum of retroperitoneal morphological 

variability. 

Despite the strengths of the study, certain limitations 

should be acknowledged. Although imaging and 

cadaveric datasets were carefully selected, the sample 

size may not encompass the full range of anatomical 

variants observed in broader populations. Additionally, 

cadaveric anatomy may differ from in vivo conditions 

due to tissue deformation or preservation artifacts. Future 

research should therefore aim to integrate larger 

multicenter imaging databases, advanced 3D 

reconstruction techniques, and potentially even virtual or 

augmented reality tools to further enhance the precision 

of radiologic–anatomic mapping. 

Overall, the study underscores the clinical relevance of 

anatomical variability in the retroperitoneum and 

highlights the necessity of correlating radiologic findings 

with anatomical evidence. Such integration enhances 

diagnostic accuracy and supports safer, more effective 

patient management across multiple clinical disciplines. 

5. Conclusion 

The study confirms that anatomical variants of 

retroperitoneal organs are highly prevalent and clinically 

significant. Correlating CT and MRI findings with 

cadaveric anatomy enhances diagnostic accuracy and 

contributes to a more precise understanding of 

retroperitoneal topography. This integrative approach is 

essential for improving diagnostic reliability, refining 

surgical planning, and reducing clinical risk. Continued 

research in radiologic–anatomic correlation will further 

contribute to the development of more accurate 

anatomical models and improved clinical outcomes. 
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