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Introduction
In recent years the increased utilization of imaging 

modalities has led to an accelerated amount of renal 
masses being diagnosed. Commonly an incidental ϐinding 
on abdominal imaging, these lesions may be benign or 
malignant. Many of these masses occur as Small Renal 
Masses (SRM), which are suspicious for malignancy if under 
4 cm in the largest dimension on high-quality, multiphase, 
cross-sectional abdominal imaging with and without 
contrast enhancement. In the United States, renal cancer is 
amongst the ten most common tumors; hence imaging is 
key to identifying their malignant nature to guide further 
management [1-4].

Initial diagnoses and staging are most commonly done 
with abdominal Computed Tomography (CT), Magnetic 
Resonance Imaging (MRI) (Figure 1) and Ultrasound (US) 
are also frequently used. This is due to CT’s ability to detect 
up to 90% renal masses including SRM, and its higher spatial 
resolution compared to the MRI. CT can distinguish benign 
from malignant lesions hence avoiding further testing 
and detecting surrounding lymphadenopathy or thrombi 
(Figure 2), has rapid image acquisition rates, is compatible 
with metallic medical devices, and can obtain high-resolution 
enhancement measurements using the Hounsϐield unit 
(HU [1-3,5].
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Abstract

Introduction: In recent years the increased utilization of imaging modalities has led to an accelerated 
diagnosis of renal masses. Initial diagnoses and staging are commonly done with the abdominal 
Computed Tomography (CT). This study evaluates the various aspects to consider when utilizing CT 
scan for the diagnosis of renal masses.

Discussion: CT scan is the most important imaging modality to evaluate renal neoplasms. 
Postcontrast acquisitions can be tailored according to the indication for the study. This alongside various 
techniques, imaging modalities and classifi cation systems may help diff erentiate the malignant Renal 
Cell Carcinoma, from benign or metastatic lesions, lymphomas or renal pseudotumor. Finally CT can also 
be utilized alongside other tools for staging the tumor. 

Conclusion: Certain CT imaging features are pertinent to evaluate the malignancy potential of renal 
lesions. However the CT alone may be inconclusive in diagnosing the majority of renal neoplasms, 
excluding AML with macroscopic fat. Hence it is recommended that the CT aid additional imaging 
modalities and tools to reach an accurate diagnosis.

Figure 1: T2 Weighted MRI of a multi-Cystic right renal mass.

Figure 2: Right renal Clear Cell RCC with right Renal Vein thrombus.
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The Hounsϐield unit scale is used to measure the density 
or attenuation of a tissue, ranging from low to high. Benign 
Renal Angiomyolipomas (AML) are fat-containing lesions 
with low attenuations of –100 to –10 HU. Homogenous 
masses with low attenuation of -10 to +20HU are usually 
benign ϐluid-ϐilled simple cysts. Heterogenous, septated, 
or calciϐied entities with attenuation greater than 20 HU, 
may be malignant and require further testing. Patients with 
contraindications to CT, or requiring further imaging, may 
undergo MRI with and without contrast [2,5].

CT technique

CT scan is the most important imaging modality to 
evaluate renal neoplasms. A contrast-enhanced Multidetector 
CT (MDCT) is preferred, where a triple-phase helical CT 
scan is utilized for thin collimation and a superior spatial 
and temporal resolution. Opaciϐication of the alimentary 
tract may help distinguish bowels from lymph nodes. The 
dedicated protocol constitutes an initial ‘pre-contrast’ phase, 
followed by intravenous (IV) contrast administration. The 
‘Corticomedullary’ (CM) phase is seen 25-30 seconds post-
contrast, followed by the ‘Nephrogenic Phase’ (NP) seen 70 
seconds to 180 seconds later. Eventually, after 7 minutes to 
10 minutes the ‘Excretory Phase’ images may be retrieved. 
Either of the above-mentioned p ostcontrast acquisitions 
can be obtained tailored according to the indication for the 
study, although w ith the added increased radiation dosage 
risk [1,2,5,6].

Postcontrast CT acquisition determines lesion size, 
shape, border, and enhancement. The CM is important to 
visualize vascular anatomy and early enhancing tumors e.g. 
Renal Cell Carcinoma (RCC), alongside acute hemorrhagic 
complications, post-surgery and presurgical planning. NP 
helps identify renal lesions, assess their enhancement, and 
highlight small hypo-vascular hypo-attenuated lesions 
concealed during the CM phase. Whereas the ‘Excretory’ and 
CM phases may be utilized to subtype RCC, differentiate RCC 
from urothelial cancer, or assess for a collecting system tumor 
or opacity e.g. strictures, dilation and leakage. Opacities may 
be evaluated in two ways. Either ‘Excretory phase’ imaging 
may be obtained; alternately IV contrast preload may be 
administered to the patient during the ‘NP’ [1,5,6].

For evaluating SRM (Figure 3), thin CT slices of 2 mm 
to 3 mm are preferred to demonstrate lesion extent, hence 
minimizing ‘partial volume artifacts.’ This allows in both the 
coronal and sagittal planes, post-processing high-resolution 
Three-Dimensional multiplanar reconstructions (MPR). 
Maximum intensity projection (MIP) imaging processing tool 
projects the voxels of the highest attenuation into a Two-
Dimensional image. This is especially useful post-operatively, 
where cortical proϐiles and the integrity of blood vessels may 
be evaluated [1,6].

Despite the array of numerous beneϐits offered by 
the increased availability of the CT scan, for some it may 

come at a heavy price. The side effect proϐile of CT include 
the following. Firstly, Radiation induced cancer has been 
observed in patients exposed to the CT. An increased 
occurrence of leukemia, brain and other solid carcinomas in 
the radiation exposed pediatric population has been partially 
curbed by various measures. These include decreasing the 
dosage and optimizing CT scan settings [7]. Secondly, while 
postcontrast acquisitions help better visualize certain renal 
neoplasms, this does come with the added increased radiation 
dosage risk. Hence physicians should ensure the beneϐits of 
the study outweigh the risks [1,2,5,6]. Thirdly, prescribing 
physicians should be vigilant of CT IV contrast resulting in 
Contrast Induced Nephropathy, deϐined as acute renal failure 
occurring within 24 to 72 hours of exposure to intravascular 
radiographic contrast media that cannot be attributed to 
other causes, with up to 10% patients displaying permanent 
severe renal failure [8].

Types of renal neoplasms

Renal cell carcinoma (RCC) is the ninth and fourteenth 
most common carcinoma in men and women respectively, 
alongside being the most lethal urological malignancy. RCC 
accounts for up to 90% of all kidney cancers, and up to 80% 
of all SRM. RCC constitutes Clear Cell (Figures 4-6), 75%, 
Papillary, around 15% to 20%, Chromophobe (Figures 7-9), 
5% and other rarer subtypes. Clear Cell is the most common 
variant with the worst prognosis as it commonly presents at 
an advanced stage. Papillary type is more frequent in smaller 
lesion sizes [1,2,3,9-15].

Benign Renal tumors constitute Oncocytoma 75%, Renal 
Angiomyolipoma (AML) 11% and Metanephric Adenoma 3%.
Benign lesions may present as suspicious appearing masses 
and are more frequent amongst females, and in SRM. 
Around 20% of tumors with diameters from 1 cm and 4 cm
are benign, increasing to 40% in tumors under 1 cm. 
Oncocytoma presents as homogeneous, circumscribed solid 
masses, with a central scar on CT. This central scar also may 
be seen in RCC. AML present as an enhancing, macroscopic 
fat-containing mass devoid of calciϐications, whereas Clear 
Cell RCC occasionally mimics AML but with microscopic fat, 

Figure 3: Right renal mass measuring 2 cm.
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hence ‘fat poor’ small AML with little fat requires further 
evaluation. Tuberous Sclerosis patients may present with 
bilateral renal AML and an increased risk of RCC, therefore 
screening for RCC is important in this population. Additionally 
screening for AML hemorrhage, a common complication is 
also recommended. Finally, the rare Metanephric Adenomas 
occur more commonly in females, with approximately 90% 
containing a BRAF V600 mutation [1,3,16-22].

Renal Metastatic disease typically presents as multiple 
borderline-enhancing lesions. In patients with non-renal 
tumors presenting with a solitary renal lesion, there may 
be two causes. Either a non-renal primary tumor may have 
metastasized to the kidney. Alternatively, it could be renal 
cancer in origin. This is usually followed by a biopsy [3,23].

Lymphoma: 34% of terminal lymphoma or leukemia 
patients are seen to have renal involvement. Renal clinical 
presentation is commonly delayed or silent. Retroperitoneal 
lymphadenopathy, splenomegaly, or lymphadenopathy in 
any body part should prompt suspicion. Percutaneous biopsy 
is generally diagnostic [3,24].

Renal Pseudotumor Focal hypertrophy of the renal 
parenchyma, focal pyelonephritis, acute renal infarcts, renal 
pseudoaneurysms, etc. may occasionally mimic a renal 
neoplasm on CT. Detailed clinical history and various imaging 
techniques may help differentiate the entities [1].

Figure 4: Clear Cell RCC of the upper pole of the right kidney.

Figure 5: Left renal Clear Cell RCC.

Figure 6: Right renal Clear Cell RCC.

Figure 8: Chromophobe RCC of the lower pole of left kidney.

Figure 7: Right renal Chromophobe RCC of the lower pole, with solid and cystic 
components.

Figure 9: Chromophobe RCC of the lower pole of right kidney.
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Imaging features

Fat on CT is rarer than water or soft tissue i.e. -10 HU. 
AML presents with less than -20 HU, macroscopic fat, and 
no calciϐications. Rarely 1% of Renal AML may present as 
‘lipid poor’ and hence require distinguishing from RCC. 
Uncommonly ‘fat-containing’ RCC, and ablated renal tumors 
can mimic Renal AML [1,3,25].

CT Enhancement is an increase in signal greater than 
20 HU when compared to its corresponding non-contrast 
image. It correlates to an increased likelihood of malignancy, 
classically seen in clear cell RCC. This may not hold for certain 
lesions, notably the hypovascular papillary RCC. Benign 
lesions display an attenuation of less than 10 HU and are 
considered ‘non-enhancing’. A change between 10 and 20 HU 
is equivocal. Radiologists should be aware of oncocytomas 
occasionally mimicking clear cell RCC enhancement patterns, 
and ‘pseudo-enhancement’ of cysts against an avidly 
enhanced background renal parenchyma. Masses under 
1.5 cm in diameter may be difϐicult to assess for enhancement, 
here MRI or DECT may be considered [1,3,26,27].

The Bosniak classiϐication system of renal cystic masses 
utilizes the contrast-enhanced CT depiction of cysts to predict 
the risk of malignancy. These lesions are then categorized 
into ϐive groups i.e. either benign (type I and II), likely benign 
(type IIF), or likely malignant (type III and IV). Simple cyst 
features distinguishing cysts from tumors or abscesses on 
the US constitute, round sharp smooth walls, ‘anechoic’ absent 
echoes in the cyst, (Figures 10a,b) and a strong posterior wall 
echo, indicating adequate transmission. When these three 
criteria are not satisϐied, CT is indicated [1-3,5,28-30].

Tumor complexity illustrates the size of the lesion and 
its distance from the renal hilum. The RENAL Nephrometry 
score, the Padua Prediction Score and the C-index, etc. 
evaluate this complexity as either ‘low’ or ‘high’ to guide 
management [3,31-33].
Staging

Abdominal CT is the preferred modality for staging the 
locoregional tumor and thus pre-operative planning, while 
both MRI and CT are utilized to evaluate distant metastases. 
CT angiographic techniques help identify feeding arteries, 
and vascular invasion, and aid in preoperative planning by 
evaluating tumor distance from the renal hilum and collecting 

system on acquisitions. A study determined the accuracy of 
CT detection of renal vein invasion, metastatic adenopathy, 
perinephric invasion and neighboring organ spread as, 78% 
sensitive and 96% speciϐic, 83% sensitive and 88% speciϐic, 
only 46% sensitive and 98% speciϐic and 100% speciϐic, 
respectively. Occasionally CT falls short of other imaging 
modalities. Despite the CT ‘size criteria’ for evaluating nodal 
metastasis, a normal size lymph node with metastasis may go 
undetected. Additionally, CT may be unable to detect many 
renal vein or perinephric invasions, resulting in upstaging 
in patients undergoing nephrectomy. Here, MRI is superior 
in differentiating between stages T2 and T3a, as well as T3 
and T4. Additionally, MRI is also preferred for Renal Vein 
and Inferior Vena Cava malignant thrombi detection, TNM 
staging of tumor outside the renal capsule or Gerota’s fascia 
and detecting the cranial extent of the venous thrombus 
[3,5,34-36].
Summary

In conclusion, certain CT features are key in gauging renal 
masses and their likelihood of malignancy. Except for AML 
with macroscopic fat, diagnosing kidney neoplasms with 
the CT alone is commonly inadequate, and should be used 
in conjunction with other imaging modalities and diagnostic 
tools. 
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