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ABSTRACT

This study is aimed to evaluate the iodine concentration in the lipid-poor portion 
of the renal mass as a potential tool for the differentiation between angiomyolipoma 
(AML) and renal cell carcinoma (RCC).

A total of 22 patients with highly suspected renal disease underwent single-
source-dual energy computed tomography (CT) scanning. Of these, 16 (8 AML; 8 
RCC) underwent corticomedullary, nephrographic and excretory phase enhanced 
scanning. The regions of interest (ROI) were manually placed in the lipid-poor 
portion of the renal mass and in the abdominal aorta. Average iodine concentrations 
were obtained for the ROIs and abdominal aorta. Data were compared using 
repeated measures analysis with the Bonferroni correction for multiple comparisons.

At the unenhanced phase, the iodine concentration in the lipid-poor portion of 
the renal mass of RCC was not significantly different from that of AML (P = 0.298). 
At the three enhanced phases, the iodine concentrations in the renal mass of RCC 
were substantially elevated compared to those of AML. In addition, the CT values of 
the renal mass of RCC were significantly higher than those of AML at all the enhanced 
phases. Of note, there was a significant correlation between iodine concentrations and 
CT values (r = 0.919; P < 0.001) in the lipid-poor portion of the renal mass of RCC. 

In conclusion, between RCC and AML there was significant difference in iodine 
concentrations in the lipid-poor portion of the renal masses. Iodine concentration 
holds promise as a diagnostic alternative to macroscopic fat for differentiation of 
AML from RCC. 
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INTRODUCTION

Angiomyolipoma (AML) is the most common 
benign tumor of kidneys. The tumor is characterized by the 
presence of fat [1], and the detection of the macroscopic 
fat within the lesion represents an important approach for 
the diagnosis of AML [2, 3]. Some of the AML cases, 
however, contains low amount of fat and are hardly be 
detected using conventional computed tomography (CT). 
The lipid-poor AMLs are often wrongly diagnosed as renal 
cell carcinoma (RCC) that leads to unnecessary surgeries 
performed. 

In recent years, the analysis of CT images using 
Hounsfield unit (HU) thresholds has been proposed for 
the AML diagnosis. Although there are several studies 
evaluating the HU thresholds, a definite HU threshold 
with optimal sensitivity and specificity remains to be 
established [4–8]. The use of magnetic resonance imaging 
(MRI) has been shown to improve the differentiation 
of AML from RCC [8], however, CT is still the first-
line imaging modality for evaluating renal diseases 
in most clinical practice worldwide [9]. Matthew  
et al. recommended the combined use of an attenuation 
threshold of -10 HU and a region-of-interest (ROI) size 
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of 19–24 mm2 with a modern multi-detector CT scanners 
at 5-mm collimation for the diagnosis of renal AML [10]. 
This method has greatly improved the AML diagnosis; 
however, it cannot be generalized to small size renal 
masses, in which the lowest-attenuation areas are small. 
In addition, it remains a challenge to differentiate AML 
from clear cell RCC with intratumoral fat [11–17]. 

Given the potential problems associated with the 
detection of macroscopic fat in AML using CT, especially 
for the lipid-poor AML, an improvement of the diagnostic 
method is urgently needed. In single-source dual-energy 
CT, water and iodine are often selected as the basis 
pair for material-decomposition image presentation  
[18, 19]. The content of iodine in iodine-based material-
decomposition images can be accurately quantified. 
Comparing to conventional qualitative CT image analysis, 
the use of iodine content could increase the sensitivity and 
specificity for differentiating histological-like tissues, for 
example, between small hepatic hemangiomas and small 
hepatocellular carcinomas [20]; between benign and 
malignant nodules in thyroid and adrenal glands [21, 22].  
In view of these encouraging results, the present work 
evaluated the use of iodine content in single-source dual-
energy CT imaging of the non-fat renal mass, investigating 
its usefulness as a tool to differentiate AML from RCC. 

RESULTS

CT imaging findings

The typical iodine-based material deposition images 
of the CT of RCC and AML were shown in Figure 1 and 
Figure 2, respectively. The iodine level at the unenhanced 
and all three enhanced phases were quantitatively 
determined from ROIs (red circles). The mean mass size 
of AML was 2381.78 ± 1450.38 mm2, while that of RCC 
was 1130.50 ± 1366.93 mm2. Although the mean mass 
size of RCC was smaller than that of AML, no significant 
difference was found (P = 0.089).

Iodine concentration in the lipid-poor portion 
of renal mass and abdominal aorta of AML and 
RCC

The iodine concentrations in the lipid-poor portion 
of renal mass and abdominal aorta of AML and RCC were 
determined (Table 1, left). For the renal mass of AML, 
the iodine concentration at the unenhanced phase was  
0.31 ± 0.22 mg/cm3, with the level at the corticomedullary, 
nephrographic and excretory phases be 3.20 ± 1.82 
mg/cm3, 2.29 ± 1.10 mg/cm3 and 2.02 ± 0.44 mg/cm3, 
respectively. For the renal mass of RCC, the iodine level 
at the unenhanced phase (0.41 ± 0.13 mg/cm3) was not 
significantly different from that of AML (P = 0.298). 
Notably, the iodine contents at all the enhanced phases of 
RCC were significantly higher than those of AML, with 

the most significant be seen at the corticomedullary phase  
(P = 0.007). The overall iodine concentration in the lipid-
poor portion renal mass of RCC was also significantly 
elevated comparing to that of AML (P = 0.009). The iodine 
levels in the abdominal aorta of patients with AML and 
RCC were also studied. Analysis indicated no significant 
differences between AML and RCC at unenhanced and 
enhanced phases (Table 1, right) (Figure 3). 

Dynamic changes in iodine concentration across 
three enhanced phases of AML and RCC

The dynamic patterns of iodine were demonstrated 
by the enhanced corticomedullary phase (polyline C1–0), 
and the difference in iodine concentrations between the 
corticomedullary and delayed phases (polyline C3–0). 
Between AML and RCC, significant differences were 
noted at polyline C1–0 (P = 0.008) and polyline C3–0  
(P = 0.023). For RCC, the average iodine concentration 
in the corticomedullary phase was significantly higher 
than that in the delayed phase (P = 0.002). The average 
iodine concentration of the nephrographic phase was 
also significantly higher than that of delayed phase  
(P = 0.032), with a significant negative trend between 
average iodine concentration and enhanced scanning 
phase (P < 0.001) (Figure 4A). For AML, however, no 
significant correlations between iodine content and CT 
scanning phase were established (P = 0.098) (Figure 4B). 

CT value in the lipid-poor portion of renal mass 
and abdominal aorta in AML and RCC

The CT values of the lipid-poor portions of the 
renal masses of AML and RCC were studied. At the 
unenhanced phase, the difference between two groups 
was not significant (AML, 20.42 ± 40.74 HU; RCC, 
36.20 ± 10.09 HU; P = 0.306). However, of note, at each 
of the three enhanced phases, the CT value of RCC was 
elevated by ~2 folds compared to AML, with the most 
significant elevation be seen at the corticomedullary 
phase (corticomedullary, P = 0.001; nephrographic,  
P = 0.011; excretory, P = 0.014) (Table 2, left). The 
CT values in the abdominal aorta of patients with AML 
and RCC were studied in a similar way. No substantial 
differences in the CT values (P = 0.931) between AMLM 
and RCC were observed at the unenhanced phase, and 
at each of the enhanced phases, the difference was also 
insignificant (corticomedullary, P = 0.418; nephrographic, 
P = 0.420; excretory, P = 0.674) (Table 2, right). 

Dynamic changes in CT value across three 
enhanced phases of AML and RCC

The overall difference between AML and RCC in 
CT values at enhanced phases was significant (P = 0.005). 
The patterns of CT value changes between the two were 
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Figure 1: Transverse CT scans of a 51-year old woman with clear cell RCC in left kidney. Shown are (A) unenhanced scan; 
(B) corticomedullary phase scan showing mass with heterogeneous attenuation and containing no area with attenuation as low as that of 
perinephric fat; (C) nephrographic phase scan; and (D) excretory phase scan. The red circles are the region of interest (ROI). 

Figure 2: Transverse CT scans of a 34-year old man with AML in right kidney. Shown are (A) unenhanced scan; (B) 
corticomedullary phase scan showing mass with heterogeneous attenuation and containing no area with attenuation as low as that of 
perinephric fat; (C) nephrographic phase scan; and (D) excretory phase scan. The red circles are the region of interest (ROI). 
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also significantly different (P = 0.002). The CT value for 
corticomedullary phase imaging in the lipid-poor portion 
of RCC was substantially higher than that in AML (162.91 
± 73.31 HU vs 52.44 ± 41.08 HU; t = 3.718; P = 0.002). 
There was a significant negative trend in CT values from 
the corticomedullary to the excretory phase in the lipid-
poor portion of RCC (P < 0.001). For AML, there were 
no significant differences in CT values in the non-fat 
tissues from the corticomedullary to the excretory phases  
(P = 0.498) (Figure 5). Of note, correlation analysis 

indicated a strong Pearson’s correlation (r = 0.919;  
P < 0.001) between iodine concentration and CT value in 
the lipid-poor portion of the renal masses. 

DISCUSSION

The present study assessed the iodine concentration 
in the non-fat mass of AML and RCC using CT, and 
found that at all the three enhanced phases the iodine 
concentrations in the renal mass of RCC were significantly 

Table 1: Comparison of iodine concentrations of the renal mass (RM) and abdominal aorta (AO) between AML and 
RCC at three enhanced phases

Enhanced phases Group Iodine at RM (mg/cm3) P value Iodine at AO (mg/cm3) P value

Corticomedullary RCC 7.16 ± 3.08 0.007 11.67 ± 2.15 0.418

AML 3.20 ± 1.82 10.31 ± 3.23

Nephrographic RCC 4.86 ± 2.43 0.016 5.17 ± 1.61 0.420

AML 2.29 ± 1.10 5.73 ± 1.58

Excretory RCC 3.80 ± 1.90 0.022 3.87 ± 1.52 0.674
AML 2.02 ± 0.44 3.65 ± 0.66

Remark: 1) Data were presented as mean ± standard derivation; 2) P values represented comparisons between RCC and 
AML.

Figure 3: Box-and-whisker plot comparing the iodine concentrations of renal masses between AML and RCC. The most 
significant difference was seen at the corticomedullary phase.  
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higher than those of AML. Notably in the non-fat mass of 
RCC the iodine concentration correlated well with the CT 
value. The iodine concentration in the non-fat renal mass 
could be a promising tool for the differential diagnosis 
of AML and RCC. The finding is of clinical importance 
because currently the differential diagnosis of AML and 
RCC relies on the detection of intratumoral fat in the renal 
mass, which can potentially be problematic. Some AMLs 
have low amount of fat that is not readily detected [4]; 
while some forms of RCC are rich in intratumoral fat. The 
misdiagnosis of AML as RCC can lead to the performance 
of unnecessary surgery in patients. Effective methods that 
allow radiologists to accurately differentiate AML with 
minimal fat within from RCC are urgently needed. Studies 
have been conducted to refine the CT scan for AML by 
adjusting HU thresholds. Biphasic helical CT may be 
useful in differentiating AML with minimal fat from RCC. 
Another study suggested that CT images with non-round 
shape without capsule and prolonged enhancements would 
be used to differentiate lipid-poor AML from RCC [23]. 
In addition, texture analysis was shown to be a reliable 
quantitative method for the discrimination of minimal fat 
AML, clear cell RCC, and papillary RCC [24]. However, 
a definite guideline for differentiation of AML from RCC 
using all these approaches has yet to be established. 

Our study clearly demonstrated that in all enhanced 
phases, the iodine concentrations of the renal masses 
of RCC were significantly higher than those of AML. 
The iodine measured in the study was derived from the 
renal tissues uptake of the contrast medium through 
hemoperfusion. In our cohort, most RCCs were classified 
as clear cell carcinoma. The observed high iodine level in 
the renal mass of RCC was likely attributed to the fact that 
the perfusion index was reported to be higher in clear cell 
RCC compared to AML [25]. Indeed, high perfusion index 
was associated with high microvessel density [26–28]. 

In addition to the iodine level in the renal mass, 
the dynamic changes of iodine content along the three 
enhanced phases of RCC and AML were also significantly 
different from each other. For RCC, there was a significant 
negative trend between average iodine concentration and 
scanning phases (from corticomedullary to delayed phase). 
Tissue iodine concentration is dependent of the level of 
tissue perfusion, which is positively correlated with tissue 
enhancement [29]. Of interest, the change pattern in iodine 
concentrations in RCC was in agreement with the results 
from Hong et al. [30]. No significant trend between iodine 
concentration and scanning phase was found in AML, this 
may due to the various amounts of vessels and muscles 
presence in different AML masses. 

The CT values obtained in this study correlated 
significantly with iodine concentrations, further suggesting 
that iodine concentration could reflect tissue enhancement. 
The positive correlation determined in this study might 
be resulted from the rich blood supply of kidney. It is 
important to determine whether the correlation would 
also be seen in organs with less blood supply, for example 
breast, pancreas, and bone. Although iodine and barium 
are two different contrast materials showing similar 
enhancements and comparable CT values in conventional 
CT, the use of single-source dual energy CT can still be 
able to distinguish between them [31, 32]. Of importance, 
measuring iodine concentration would eliminate the beam-
hardening artifacts and averaging attenuation effects of 
polychromatic x-rays. 

In summary, the present study provided evidences 
supporting the use of iodine concentration as an alternative 
diagnostic method to the detection of intratumoral 
macroscopic fat. Lipid-poor AMLs are often misdiagnosed 
as RCC with the use of macroscopic fat, therefore, the 
findings of this work are of great importance. Nevertheless, 
the diagnostic usefulness of iodine in AML remains to be 

Figure 4: �Dynamic change of iodine concentration in the renal masses of (A) RCC and (B) AML at the unenhanced and three enhanced 
phases. Each line represents the iodine concentration of each patient. 
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further validated in an independent cohort of larger size. 
In this study, the contrast medium was administered as a 
fixed dose with a single injection rate. Effects of varying 
the doses and injection rate of contrast medium will need 
to be evaluated.

PATIENTS AND METHODS

Study population

A total of sixteen patients, admitted to our hospital 
between July 2010 and April 2011, was enrolled in the 
present study. Among them, six were males and 10 were 
females. The mean age of the patients was 47.8 years 
old (range from 33 to 74 years old). RCC was diagnosed 
in eight patients by standard pathologic and histologic 
studies for malignancy, while AML was confirmed in the 
remaining eight patients. Most RCC cases were classified 
as clear cell carcinoma. All patients with AML were 
given ultrasound examination to exclude the possibility 

of malignancy at the initial diagnosis, and all of them 
were followed up at least 6 months with neither clinical 
nor radiologic findings suggesting the presence of other 
diseases. Patients received treatment before the initial CT 
were excluded from the study. The study was approved 
by the institutional ethics committee. The collection of 
informed consent from patients was waived because of 
the nature of the study. 

CT examination

All patients underwent scanning in a supine position 
with spectral CT imaging mode using a GE Discovery 
CT750 HD CT scanner (GE Healthcare, Milwaukee, 
WI, USA) per manufacturer’s instruction. Each patient 
received a non-enhance scanning, followed by a three-
phase contrast-enhanced CT. To conduct the contrast-
enhanced CT, patients were given a nonionic contrast 
material Omnipaque (i.e. 300 mgl/mL iohexol, GE 
Healthcare) at a dosage of 1.5 mL/kg body weight by 

Table 2: Comparison of CT values of the renal mass (RM) and abdominal aorta (AO) between AML and RCC at three 
enhanced phases

Enhanced phases Group CT at RM (HU) P value CT at AO (HU) P value
Corticomedullary RCC 199.11 ± 68.02 0.001 315.86 ± 71.18 0.418

AML 72.86 ± 58.90 281.02 ± 70.37

Nephrographic RCC 144.09 ± 53.15 0.011 154.06 ± 38.96 0.420
AML 67.48 ± 51.98 169.54 ± 39.96

Excretory RCC 117.67 ± 41.18 0.014 120.70 ± 37.26 0.674
AML 60.07 ± 37.68 118.28 ± 16.99

Remark: 1) Data were presented as mean ± standard derivation; 2) P values represented comparisons between RCC and 
AML.

Figure 5: �Dynamic change of CT values in the renal masses of (A) RCC and (B) AML at the unenhanced and three enhanced phases. Each 
line represents the CT value of each patient.
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injection through the antecubital venous at a rate of 3 to  
4 mL/second. The scanning delay for the corticomedullary, 
nephrographic, and excretory phase imaging was 30 
seconds, 60 seconds, and 120 seconds, respectively. 
The scanning was performed with the fast tube voltage 
switching between 80 and 140 kVp on adjacent views 
during a single rotation, and with the following settings: 
a collimation of 5 mm, a reconstructed thickness of 0.625 
mm, an automatic tube current modulation, a rotation 
speed of 0.8 second, and a helical pitch of 1.375. 

Image processing and iodine determination

All images captured from the single-source 
dual-energy CT scanning were transferred to a GE 
AW4.4 workstation for reconstruction using projection-
based material-decomposition software and standard 
reconstruction kernel. Water and iodine-based material 
decomposition images were reconstructed for analysis. 
Monochromatic images obtained at energy ranging from 
40 to 140 keV were also retrieved. Iodine concentration 
in the non-fat areas of renal mass and the abdominal aorta 
was calculated from the regions-of-interest (ROIs) placed 
on the designated areas using GSI Viewer software. For 
the same slice, iodine was determined at unenhanced, 
corticomedullary, nephrographic, and excretory phases. 
Each ROI had at least 100 pixels, and no ROIs were placed 
on the areas of intratumoral fat, necrosis, calcification, 
surrounding renal parenchyma, and peri-renal fat. 

Statistical analysis

All statistical analyses were performed using SPSS 
software for Windows version 15.0 (SPSS Inc., Chicago, 
IL, USA). The differences in mass size between AML 
and RCC was assessed using unpaired Student’s t test, 
while the differences in iodine concentration and CT 
values between two groups were examined using repeated 
measures analysis. Correlation between CT value and 
iodine concentration was calculated using Pearson’s 
correlation. Statistical significance was identified by a 
two-tailed P value < 0.05.

Impact 

Angiomyolipoma (AML) is the most commonly 
seen benign tumor in kidneys, but many lipid-poor AMLs 
are wrongly diagnosed as renal cell carcinoma (RCC), 
leading to unnecessary surgery. The misdiagnosis is 
attributed to the fact that the low amount of fat can hardly 
be detected using conventional computed tomography 
(CT). the present study demonstrated that between AML 
and RCC there was significant difference in iodine 
concentrations in the lipid-poor portion of renal masses. 
The iodine concentration may be diagnostic alternative to 
the intratumoral macroscopic fat.
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