
Abstract. Aim: To elucidate the relationship among tumor
attenuation of pre-contrast-enhanced (TApre) computed
tomography (CT), washout rate and clear cell ratio (CCR) in
adrenal adenoma (AA) and propose a new approach for
diagnosing AA on dynamic CT. Materials and Methods: The
training set consisted of 43 AAs and 15 non-AAs, while the
validation set comprised 44 AAs and 11 non-AAs. Using the
training set, the pairwise correlation between CCR, TApre and
washout rate in AA was evaluated by linear regression
analysis. A predictive formula for diagnosing AA was
established by multiple logistic regression analysis using
washout rate and TApre. Using the validation set, the
diagnostic performance of this formula was investigated by
comparing with the conventional diagnostic criteria: TApre
≤10 HU or washout rate ≥an optimal threshold calculated in
the training set. Results: Washout rate increased as CCR
decreased, and as TApre increased. The formula predicting the
probability of AA was: p(AA)=1/{1+exp(−1.5257+0.4923×
TApre−0.3264×washout rate)}. Diagnostic performance of
this formula was sensitivity of 93.2% and accuracy of 89.1%,
while for the conventional diagnostic criteria, sensitivity was
81.8-86.4% and accuracy 81.8-83.6%. Conclusion: The
diagnostic potential of dynamic CT for diagnosing AA may be
improved by changing the threshold of washout rate based on
substituting TApre for CCR. 

Adrenal adenomas (AAs) are the most common adrenal
lesions, found in 3% of cases at autopsy (1). Therefore, it is
critical to differentiate them from other adrenal lesions in
daily practice. AA is composed histologically of both clear
cells and compact cells (2). Yamada et al. (3) suggested that
the low tumor attenuation on pre-contrast computed
tomographic (CT) imaging in AA represents the abundant
intracytoplasmic lipids in clear cells. Therefore, AA is often
classified into lipid-rich and lipid-poor AA based on the
tumor attenuation value of the pre-contrast-enhanced CT
image. An adrenal tumor with attenuation of 10 HU or less
on pre-contrast-enhanced CT is likely to be a lipid-rich AA
(4). Chemical-shift magnetic resonance imaging (MRI) may
be more useful in diagnosing a lesion as AA because this
sequence is more sensitive to small amounts of fat than pre-
contrast-enhanced CT (5). However, lipid-poor AA cannot be
diagnosed using these two methods. In such cases, the
washout rate after contrast enhancement can be used. 

AA is known to show a high washout rate after contrast
enhancement on dynamic CT (2). This tumor can be
differentiated from pheochromocytoma, adrenal metastasis
and adrenal cancer, which reportedly show low washout rates
(2, 6-8). However, there is an overlap in washout behavior
between pheophromocytoma and AA (9). Previous reports
have shown that lipid-rich AAs do not demonstrate washout
patterns different from those of lipid-poor AAs (4, 8, 10). On
the other hand, although adrenal hyperplasia closely
resembles AA in histology and is composed of both clear
cells and compact cells, the variability in washout rates has
been reported to be associated with differences in constituent
cells of adrenal hyperplasia (11). That is, the washout rate of
adrenal hyperplasia increases as the clear cell ratio (CCR)
decreases or as tumor attenuation value of the pre-contrast-
enhanced CT image (TApre) increases. We hypothesized that
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the washout rate of AA would also depend on CCR or TApre
and that it should be possible to differentiate AA from other
adrenal tumors more clearly by changing the diagnostic
threshold of washout rate based on CCR or TApre.

The purpose of this study was to elucidate the relationship
among the tumor attenuation values of pre-contrast-enhanced
CT, washout rate and constituent cells in AA and to propose
a new approach for diagnosing AA, aiming for better
diagnostic performance on dynamic CT. 

Materials and Methods
Patients. This study was approved by the Ethical Committee on
clinical study at our institution, which conforms to the provisions
of the Declaration of Helsinki. Institutional Review Board approval
(no. 25-45) was obtained, and the requirements for informed
consent were waived for this retrospective study. Referring to the
medical data recorded at our hospital, 123 consecutive patients who
underwent a preoperative CT examination and adrenal resection
between October 2001 and June 2015 were selected. Initially, four
patients were excluded due to differences in CT protocol; then a
further six patients were excluded because hematoxylin-eosin-
stained tumor slides were not available. As a result, 113 patients
were finally enrolled in this study. The CT examinations were
performed within 3 months before surgery for all patients. The
patients consisted of 46 men and 67 women (age range=19-81
years; mean age=53 years). The number of nodular lesions
evaluated was 113 (one in each patient). Forty-seven lesions were
located in the right adrenal gland and sixty-six lesions in the left
adrenal gland. Their diameter range was 1.1 to 11.5 cm, and the
mean diameter was 2.8 cm. The patients were divided into the
following two groups: Training group: A total of 58 consecutive
patients between October 2001 and June 2010; and the validation
group, comprising 55 consecutive patients between July 2010 and
June 2015. The tumor details of each group are shown in Table I.
The average size of lesions in the training set was 2.9 cm
(range=1.2-11.5 cm), while that of the validation set was 2.6 cm
(range=1.1-8.0 cm). The training set was utilized to analyze
radiological and pathological parameters in AA and to establish a
predictive formula for differentiating AA from other adrenal tumors,
while the validation set was used to evaluate the diagnostic
performance of the predictive formula in a different patient
population. 

CT protocol. Contrast-enhanced multi-phase helical CT was
performed with a 4- or 64-multidetector row computed tomography
(MDCT) scanner (Aquilion; Toshiba Medical, Tokyo, Japan) in all
patients. For the first CT protocol, the scanning parameters with the
64-MDCT were 120 kVp, automatically set mAs values, 1-mm
collimation reconstructed to a slice thickness of 5 mm, and a pitch
of 27, while the scanning parameters with the 4-MDCT were 
120 kVp, 300 mAs, 3-mm collimation reconstructed to a slice
thickness of 5 mm, and pitch of 3. The images were obtained in the
craniocaudal direction. Firstly, pre-contrast CT images were
scanned. A total of 100 ml of a nonionic iodinated contrast agent
(iopamidol: Iopamiron 370; Bayer, Osaka, Japan) was injected
through the antecubital vein for 40 s at an injection rate of 2.5 ml/s
using a power injector. Early and delayed phases were scanned 60
and 240 s after the contrast injection.

The second CT protocol was performed with the same 64-slice
MDCT scanner with a gantry rotation time of 0.5 s. Firstly, pre-
contrast CT images were scanned. Intravenous nonionic contrast
material (1.62 mI/kg, max 100 mI) containing 370 mg iodine/ml
(Iopamiron 370; Bayer Schering Pharma) was injected by means of
an automated power injector, and the injection time was 30 s. The
scan parameters were as follows: section collimation, 0.5 mm;
helical pitch, 53; auto mA; and 120 kVp. The bolus tracking
technique was used to determine the timing of the dynamic study;
the arterial phase was obtained during a single breath-hold 15 s after
a 100-HU elevation of density in the descending aorta. The early
and delayed phases were acquired at 60 and 240 s, respectively,
after the initiation of contrast material injection. The section
thickness and reconstruction interval were 1.0 and 3.0 mm,
respectively. 

Imaging interpretation. For the training set, two abdominal
radiologists (Y.U. and Y.T.) attempted to localize all 58 adrenal
lesions on the pre-contrast image, and early and delayed phases,
based on the operation record. The two radiologists examined CT
attenuation values of adrenal lesions on each phase quantitatively.
The slice on which the adrenal lesion appeared the largest was
selected, and the tumor attenuation value was measured by placing
a region of interest (ROI) that was as large as possible in a
consensus fashion. An ROI of the same size was placed at the same
position of the tumor on an image of each phase. TApre, TAearly
and TAdelay were defined as tumor attenuation values of pre-
contrast, early and delayed phases, respectively. The absolute
percentage washout (APW) of each adrenal lesion was calculated
using the following formula: APW(%)=(TAearly - TAdelay)/
(TAearly - TApre) ×100.

For the validation set, two different abdominal radiologists (D.O.
and N.F.; Readers 1 and 2) attempted to localize all 55 adrenal
lesions on pre-contrast image, and early and delayed phases, based
on the operation record. The two radiologists independently
examined CT attenuation values of adrenal lesions on each phase
with the same method as described above. The APW of each adrenal
lesion was also calculated. 

Pathological analysis. One pathologist (M. S.), who was unaware
of the imaging data, reviewed the hematoxylin-eosin stained tumor
slides of 43 AAs in the training set. He referred to the whole slides
and qualitatively assessed the CCR for each AA at 10-fold
magnification. This ratio was recorded as rounded to the nearest 5%. 

Statistical analysis. For 43 AAs of the training set, linear regression
analysis was performed between each pair of the three radiological
and pathological parameters: namely, CCR, TApre and APW. When
there was significant correlation between APW and TApre (or
CCR), multiple logistic regression analysis was performed to
establish a predictive formula for diagnosing AA using all 58
adrenal lesions of the training set. When the probability of AA
obtained by the formula was 0.5 or more, the adrenal tumor was
judged as being AA. The diagnostic performance of this predictive
formula for AA in the training group was compared with those of
three diagnostic criteria (DC) of AA as follows: DC1: TApre 
≤10 HU (4); DC2: APW at or exceeding the threshold calculated
using receiver operating characteristic (ROC) analysis; and DC3:
TApre ≤10 HU or APW at or exceeding the ROC threshold. The
significance of differences in sensitivity, specificity and accuracy
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between the predictive formula and each of these three DCs were
evaluated by the McNemar test.

Furthermore, the diagnostic performance of this predictive formula
in the validation set, which was a different patient population, was
evaluated using the two radiologists’ data measured independently. It
was also compared with those of the three DCs of AA as described
above. The significance of differences in sensitivity, specificity and
accuracy between the predictive formula and each of the three DCs
was again evaluated by the McNemar test. p-Values less than 0.05
were considered statistically significant.

Results

Correlation coefficients and statistical significance among
CCR, TApre and APW are shown in Table II. There was a
significant correlation between each pair. CCR decreased as
TApre increased. APW increased as CCR decreased (Figure
1) and as TApre increased. 

Because CCR cannot be assessed preoperatively, multiple
logistic regression analysis was performed using APW and
TApre. The formula predicting the probability of AA was:
p(AA)=1/{1+exp(−1.5257 + 0.4923× TApre - 0.3264×
APW)}. The diagnostic performance of the predictive
formula for diagnosing AA in the training group was as
follows: sensitivity 93.0% (40/43), specificity 86.7% (13/15),
and accuracy 91.4% (53/58). The optimal threshold of APW
for diagnosing AAs was found to be 51.4% when calculated
using ROC analysis. The Az value of the ROC curve was
0.71. Diagnostic performance of the three DCs of AA
together with that of the predictive formula are shown in
Table III. There was a significant difference in sensitivity
and accuracy between the predictive formula and DC1 and
DC2 (p<0.01). No significant difference in specificity
between the predictive formula and DC1 or DC2 was
obtained. Although there was no significant difference in
sensitivity, specificity or accuracy between the predictive
formula and DC3, the accuracy of the predictive formula
(91.4%) was slightly higher than that of DC3 (87.9%).
Representative cases are shown in Figures 2-4.

Diagnostic performance of the three DCs of AA including
that of the predictive formula are shown in Tables IV
(Reader 1) and V (Reader 2). For both readers, there was a
significant difference in sensitivity and accuracy between the
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Table I. Tumor profile of the training and validation sets.

Adrenal lesion                               Training set, n         Validation set, n

Cortical adenoma                                     43                               44
Pheochromocytoma                                  12                                 5
Adrenal metastasis                                     1                                 2
Adrenocortical carcinoma                          1                                 2
Cryptococcosis                                          1                                 0
Malignant lymphoma                                 0                                 1
Myelolipoma                                              0                                 1

Total                                                          58                               55

The number of cases is reported. 

Table II. Correlation between clear cell ratio (CCR), tumor attenuation
value of pre-contrast (TApre) and absolute percentage washout (APW).

                                      CCR                       TApre                        APW

CCR                                  -                           −0.54                        −0.31
TApre                          p<0.001                         -                              0.37
APW                           p=0.026                    p<0.01                            -

TAearly and TAdelay: Tumor attenuation values of early and delayed
phases, respectively. APW of each nodular lesion (%)=(TAearly -
TAdelay)/(TAearly - TApre) ×100. The upper right data are correlation
coefficients. The lower left data represent statistical significance.  

Figure 1. Graph showing a significant correlation between the clear cell
ratio (CCR) and absolute percentage washout (APW) based on the data
of the training group. Correlation coefficient was −0.31. APW (%)
=−0.1351 × CCR (%) + 60.59. 

Table III. Diagnostic performance of the predictive formula and the other
three diagnostic criteria (DC) of adrenal adenoma in the training set.

                                      Sensitivity           Specificity            Accuracy

Predictive formula   93.0% (40/43)      86.7% (13/15)    91.4% (53/58)
DC1                           60.5% (26/43)*  100.0% (15/15)    70.7% (41/58)*
DC2                           67.4% (29/43)*    66.7% (10/15)    67.2% (39/58)*
DC3                           95.3% (41/43)      66.7% (10/15)    87.9% (51/58)

DC1: TApre≤10 HU DC2: APW≥51.4%; DC3: TApre≤10 HU or APW
≥51.4%. The values given in parentheses are the number of tumors
correctly diagnosed out of the total number of target tumors.
*Significantly different from the predictive formula at p<0.01.



predictive formula and DC1, and DC2 (p<0.01). No
significant difference in specificity between the predictive
formula and DC1 or DC2 was obtained. Although there was
no significant difference in sensitivity, specificity or accuracy
between the predictive formula and DC3, the accuracy of the

predictive formula (Reader 1, 89.1%; Reader 2, 89.1%) was
slightly higher than that of DC3 (Reader 1, 83.6%; Reader
2, 81.8%). For Reader 2, the sensitivity of the predictive
formula (93.2%) tended to be higher than that of DC3
(81.8%) (p=0.073).
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Figure 2. A 35-year-old man with a history of primary aldosteronism. A-C: Pre-contrast-enhanced computed tomographic (CT) image, and early-
and delayed-phase images, respectively. A 2.1-cm nodular lesion (adrenal adenoma) can be seen in the left adrenal gland on dynamic CT (arrows).
Tumor attenuation value of pre-contrast (TApre), TAearly and TAdelay were-2, 68 and 36 HU, respectively. Absolute percentage washout was 45.7%.
D: The clear cell ratio was 95%. Pathologically, fibrous septa were identified between clusters of clear cells. For comparison, the predictive formula
made a correct diagnosis of adrenal adenoma. The probability of adrenal adenoma using the formula was 1.0000. 

Table V. Diagnostic performance of the predictive formula and the other
three diagnostic criteria of adrenal adenoma in the validation set
(image analysis by Reader 2). 

                                      Sensitivity           Specificity            Accuracy

Predictive formula   93.2% (41/44)      72.7% (8/11)    89.1% (49/55)
DC1                           45.5% (20/44)*    81.8% (9/11)    52.7% (29/55)*
DC2                           65.9% (29/44)*    81.8% (9/11)    69.1% (39/55)*
DC3                           81.8% (36/44)      81.8% (9/11)    81.8% (45/55)

DC1: TApre≤10 HU DC2: APW≥51.4%; DC3: TApre≤10 HU or
APW≥51.4%. The values given in parentheses are the number of tumors
correctly diagnosed out of the total number of target tumors. *Significantly
different from the predictive formula at p<0.01. The sensitivity of the
predictive formula tended to be higher than that of DC3 (p=0.073).

Table IV. Diagnostic performance of the predictive formula and the
other three diagnostic criteria of adrenal adenoma in the validation set
(image analysis by Reader 1).

                                      Sensitivity           Specificity            Accuracy

Predictive formula   93.2% (41/44)      72.7% (8/11)      89.1% (49/55)
DC1                           52.3% (23/44)*    90.9% (10/11)    60.0% (33/55)*
DC2                           61.4% (27/44)*    81.8% (9/11)      65.4% (36/55)*
DC3                           86.4% (38/44)      72.7% (8/11)      83.6% (46/55)

DC1: TApre≤10 HU DC2: APW≥51.4%; DC3: TApre≤10 HU or
APW≥51.4%. The values given in parentheses are the number of tumors
correctly diagnosed out of the total number of target tumors.
*Significantly different from the predictive formula at p<0.01.



Discussion

CT is the first-choice imaging modality for diagnosing
adrenal tumors. An adrenal tumor with ≤10 HU on pre-
contrast CT is likely to be AA (4). Chemical-shift MRI may
be more useful in diagnosing as AA because this sequence is
more sensitive to small amounts of fat than pre-contrast CT
(5). However, lipid-poor AA cannot be diagnosed using these
two methods. In such cases, the washout rate after contrast
enhancement can be used. On dynamic contrast-enhanced
imaging, most AAs have a strong enhancing effect in the
early phase and are less enhanced in the delayed phase (2).
Pheochromocytomas and adrenocortical adenocarcinomas
are enhanced strongly in the early phase but are continuously
enhanced through the delayed phase (1, 12-16). Many
adrenal metastases may show a low washout rate (17),
although it depends on the kind of primary tumor. As a
result, the washout rate of AA should be the largest.
However, there is some degree of overlap in washout rates
between AA and other adrenal tumors (9).

In this study, significant correlations were obtained among
CCR, TApre and APW in AA. The correlation between CCR
and TApre has been reported previously in AA (3), with the
authors suggesting that low TApre represents abundant
intracytoplasmic lipid in clear cells. The same conclusion
could be drawn in this study. On the other hand, APW was
significantly correlated with CCR and TApre. That is, APW
increased as CCR decreased, and as TApre increased.
Fibrous septa containing blood vessels are known to be
present between nests and cords of clear cells in AA (18).
We consider that the fibrous septa between clear cells, which
are not observed between compact cells, could account for
the difference in APW. A stasis of contrast medium may
occur in the delayed phase in a tumor mainly composed of
clear cells in comparison with a compact cell-rich tumor.
Previous reports have shown that lipid-rich AAs do not
demonstrate washout patterns different from those of lipid-
poor AAs (8, 10). However, our pathologicoradiological
investigation demonstrated that lipid-rich AAs exhibit
washout patterns different from those of lipid-poor AAs.
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Figure 3. A 58-year-old man with a history of primary aldosteronism. A-C: Pre-contrast-enhanced computed tomographic (CT) image, and early-
and delayed-phase images, respectively. A 3.6-cm mass (adrenal adenoma) can be seen in the left adrenal gland on dynamic CT (arrows). Tumor
attenuation value of pre-contrast (TApre), TAearly and TAdelay were 27, 152 and 68 HU, respectively. Absolute percentage washout was 67.2%. D:
The clear cell ratio was 5%. Pathologically, fibrous septa were not identified in the mass, most of which was composed of compact cells. For
comparison, the predictive formula made a correct diagnosis of adrenal adenoma. The probability of adrenal adenoma using the formula was 1.0000. 



Therefore, we consider that AA should be diagnosed based
on the washout rate compensated with CCR and that TApre
should be substituted for CCR because there we found
significant correlation between TApre and CCR.
Unfortunately, CCR can be evaluated only post-operatively.
In other words, the threshold of the washout rate for
diagnosing AA should be changed according to TApre being
substituted for CCR. As a result, a predictive formula for AA
was newly created here. Such a diagnostic approach could
be useful in resolving overlaps in the washout rate between
different adrenal tumors.

The predictive formula for AA showed higher diagnostic
performance in comparison with the other three diagnostic
criteria (DCs 1-3). Our predictive formula was slightly
superior to DC3, which is generally used to diagnose AA,
although the difference in accuracy was not statistically
significant. As seen in Figure 4, AA not showing TApre ≤10
HU or APW ≥51.4% can be correctly diagnosed using this
formula. Similar results were obtained for different patient
populations (validation set) and readers (Readers 1 and 2),
suggesting that our predictive formula may be a reproducible
and reliable method. Additionally, it is also a simple method
because the probability of AA can be obtained by plugging
two values (TApre and APW) into the equation saved in any
spreadsheet software.

The scan timing of delayed phase is important in evaluating
washout patterns. Although the validity of radiological
parameters calculated using 10-minute or longer delayed
enhanced attenuation has been reported (4, 6), a shorter
delayed enhanced phase such as a 3- or 5-minute scan is also
useful for the differentiation of AAs from non-AAs (8, 19).
Therefore, we believe that our protocol including 4-minute
delayed scanning may be acceptable for assessment of the
washout pattern of adrenal lesions. Shorter delayed scanning
also leads to improvement of the examination throughput in
daily practice. According to the report of Korobkin et al. (4),
the sensitivity and specificity for diagnosing AA based on
APW using 10-minute delayed scan were 88% and 89%,
respectively (4). Diagnostic performance of our predictive
formula was comparable to their result, showing slightly
higher sensitivity and slightly lower specificity. By combining
our new approach with 10-minute or longer delayed scanning,
more precise diagnostic ability for AA might be obtained.

The present study has several limitations. Firstly, the number
of non-AAs enrolled in this study was relatively small because
only surgically resected adrenal tumors were collected. Most
adrenal metastases might not be surgically resected, and many
pheochromocytomas were pre-operatively evaluated on MRI.
This tendency may lead to selection bias. Secondly, two kinds
of CT protocol were used in this study. This is a problem that
occurred accompanied with renewal of CT equipment at our
institution because patients who underwent adrenal resection
between October 2001 and June 2015 were included. However,
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Figure 4. A 54-year-old woman with a history of preclinical Cushing’s
syndrome. A-C: Pre-contrast-enhanced computed tomographic (CT)
image, and early-and delayed-phase images, respectively. A 4.2-cm
mass (adrenal adenoma) can be seen in the left adrenal gland on
dynamic CT (arrows). Tumor attenuation value of pre-contrast (TApre),
TAearly and TAdelay were 15, 76 and 60 HU, respectively. Absolute
percentage washout (APW) was 26.2%. The mass was not diagnosed as
adrenal adenoma using TApre≤10 HU or APW≥51.4%. The predictive
formula made a correct diagnosis of adrenal adenoma. The probability
of adrenal adenoma using the formula was 0.9317. 



the scan timing of early and delayed phases was the same
although the injection rate was slightly different between the
two (2.5 vs. 2.4-3.3 ml/s). We believe that this small difference
did not greatly affect the measurement of washout rate. Thirdly,
our predictive formula of AA was obtained based on 4-minute
delayed scanning. The appropriate predictive formula might
depend on the delayed scan timing.

In conclusion, the washout rate of AA was correlated with
CCR and TApre. The diagnostic potential of dynamic CT for
diagnosing AA may be improved by changing the threshold
of washout rate based on TApre substituted for CCR.
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