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Abstract The objectives of this study were to review how
conventional imaging for adrenocortical carcinoma has
evolved over the past 100 years and to highlight the current
role for computed tomography (CT) and magnetic reso-
nance imaging (MRI). Using historical cases from the
Mayo Clinic archives, the approaches to conventional
imaging for adrenocortical carcinoma are described, and
pertinent literature is reviewed. Limited conventional
imaging options in the first 75 years of the twentieth
century were supplemented with keen clinical observation
and clinical intuition. With the development of CT and
MRI, technologic advances in the computed image-based
assessment of adrenocortical carcinoma have been truly
remarkable. CT and MRI can help determine whether an
adrenal mass is an adrenocortical carcinoma and can also
assess for local tumor invasion and metastatic disease. CT
and MRI provide the clinician and surgeon with key
information to guide medical and surgical management.
Three decades from now, what we currently view as
conventional imaging (e.g., CT and MRI) will be the
imaging equivalents to the plain abdominal roentogram and
intravenous pyelogram of the mid-twentieth century.
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The past 100 years have been witness to the evolution of
“conventional imaging” for adrenocortical carcinoma
(ACC). Understanding these advancements provides the
clinician with key perspectives on the current imaging of
ACC. Conventional imaging is defined by the available
technology of the day. Herein, the evolution of convention-
al imaging and the current use of computed tomography
(CT) and magnetic resonance imaging (MRI) in the
evaluation of patients with ACC are reviewed.

Historical Perspective

Conventional imaging has advanced from plain roento-
grams of the abdomen to aortography, perirenal insufflation
of gas, and excretory urography (intravenous pyelogram
with linear tomography). Before the development of CT
and MRI, clinicians relied heavily on clinical acumen to
guide medical decision-making. Two cases were selected
from the Mayo Clinic archives to demonstrate the state of
adrenal imaging for ACC in the 1930s and 1940s.
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Patient 1

In November 1934, a 33-year-old woman presented with a
3-month history of rapidly progressive hirsutism, acne, and
facial fullness. On physical examination, her Mayo Clinic
physician detected a large mass in the left upper quadrant of
the abdomen. At that time, there was no way to measure
androgens, glucocorticoids, or estrogens. The only avail-
able imaging was a plain roentogram of the abdomen
(Fig. 1). The radiologist reported a “possible shadow of
greater density above the left kidney…over area of last 2
ribs on the left side.” The clinician wrote in the medical
record, “Think we can make an unqualified diagnosis of left
adrenal tumor (probably adenocarcinoma) with suprarenal
cortical syndrome.” A large (15 cm, 1,050 g) left ACC was
resected. The patient died 14 months later despite radiation
therapy to the tumor bed.

Patient 2

In February 1948, a 42-year-old woman presented with
abrupt onset of hirsutism, acne, and facial fullness. On
physical examination, her Mayo Clinic physician detected a
firm mass in the right upper quadrant of the abdomen. A
24-h urine collection was obtained for the measurement of
17-ketosteroids, which were within the reference range. A
plain roentogram of the abdomen was normal. An excretory
urogram (intravenous pyelogram) was performed (Fig. 2),
and the radiologist reported, “adjacent to the superior pole

of the kidney there is a soft tissue mass 6 cm by 5 cm in
diameter, which seems to be displacing the kidney
downward…[consistent with]…tumor of the right suprare-
nal gland.” The clinician wrote in the medical record, “With
virtually indisputable x-ray evidence of a mass above the
right kidney, she should have an adrenal cortical tumor in
spite of low 17-ketosteroids.” A right ACC was resected.
Ten months later, the patient died of metastatic disease.

Preoperative imaging of the adrenal glands was revolu-
tionized with the clinical availability of body CT in the
mid-1970s and body MRI in the early 1980s.

Adrenal CT

The methodology of CT involves acquiring and reconstruct-
ing an image of a thin cross section of the body. By rotating
both the x-ray tube and the detectors around the patient,
multiple measurements of x-ray attenuation are obtained
through the plane of a finite thickness in a cross-section
format of the body. The three-dimensional body structures
are compressed onto a two-dimensional recording system.
A digital image is reconstructed in which each pixel
(picture element) represents the mean attenuation of a
voxel—a box-like structure that extends through the
thickness of the section. The field of view (FOV) is the
area that is included in the image reconstruction. The scan

Fig. 1 A plain abdominal roentogram from 1934 demonstrating a
subtle left upper abdominal mass (arrows) in a patient with left
adrenal cortical carcinoma

Fig. 2 An excretory urogram (intravenous pyelogram) from 1948
demonstrating a subtle right adrenal mass (arrows) displacing the right
kidney downward in a patient with right adrenal cortical carcinoma
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FOV is the body anatomy that is included in the image
reconstruction. The scan FOV determines the physical
dimensions of each pixel. For example, the pixel dimen-
sions are approximately 0.2 mm for a 10-cm FOV in a
512×512 matrix. The larger the FOV, the larger the pixel
dimensions, and image resolution is lost.

Scan time (or gantry rotation speed) is the amount of
time it takes for the CT gantry to rotate once around the
patient. Scan times improved with the development of
helical or spiral CT scanners—data are acquired continu-
ously through multiple complete gantry rotations while the
CT table is moved in and out of the gantry. With the sixth
generation single-row detector CT (SDCT), a typical scan
time is 1 s. With seventh generation multiple-row detector
CT (MDCT), the scan time is less than 400 ms. The faster
the scan time, the less image distortion is created by
involuntary body movements. MDCT, available since 1998,
can obtain a large number of thin slices that provide high
spatial resolution in the longitudinal and axial directions.

Abdominal CT is the primary imaging modality for
adrenal disease because of widespread availability, excel-
lent spatial resolution, and reproducibility. On the axial CT
image, the right adrenal gland has the shape of an inverted
letter V, and the left adrenal gland has the shape of an
inverted letter Y (Fig. 3). The right adrenal gland is located
medial to the right lobe of the liver, lateral to the right crus
of the diaphragm, and posterior to the inferior vena cava.
The lateral limb of the right adrenal gland extends more
inferiorly than the medial limb, and it lies very close to the

right lobe of the liver. In persons without much retroper-
itoneal fat, it may be difficult to see it as distinct from the
surface of the liver. The left adrenal gland lies in the
triangle between the aorta medially, the body and tail of the
pancreas anteriorly, and the upper anterior pole of the left
kidney inferiorly. The superior portion of the left adrenal
gland abuts the splenic vessels. The superior–inferior length
of normal adrenal glands can vary from 2 to 6 cm. The
typical thickness of normal adrenal glands as imaged on CT
is 5 to 6 mm and rarely exceeds 10 mm. Adrenal glands are
typically imaged during breath-hold scans with 3-mm beam
width and 3-mm slice thickness.

Unenhanced adrenal densitometry is useful in distin-
guishing benign cortical adenomas from other types of
adrenal masses. Benign cortical adenomas typically contain
more intracytoplasmic lipid (cholesterol, fatty acids, and
neutral fat) than do malignant adrenal lesions. A non-
contrast image is obtained first, and adrenal masses with
Hounsfield unit (HU) densities less than 10 are consistent
with lipid-rich benign cortical adenoma (sensitivity, 71%;
specificity, 98%) (Fig. 4) [1]. Due to the high specificity of
low CT attenuation, if lipid-rich adenoma is evident on
noncontrast imaging, post-contrast imaging provides no
incremental diagnostic information. If contrast-enhanced
scans are performed, nonionic contrast (approximately 100
to 150 mL administered at a rate of 2 to 3 mL per second) is
administered, and images are obtained 25 to 40 s after
injection for an arterial or parenchymal phase scan and 70 s
after injection for routine portal venous phase scan. If
needed, a washout scan may be performed 10 to 15 min
after contrast injection. If a baseline unenhanced image is
not obtained, the relative percentage of contrast washout is
calculated as: enhanced attenuation value at 70 s minus the
delayed enhanced value at 10 to 15 min, divided by the
enhanced attenuation value at 70 s. If a baseline unen-
hanced image is obtained, the absolute enhancement
washout is calculated as: enhanced attenuation value at
70 s minus the delayed enhancement value at 10 to 15 min,
divided by enhanced attenuation value at 70 s minus the
unenhanced attenuation value (Fig. 4). Relative contrast
washout more than 50% or absolute contrast washout more
than 60% is consistent with benign adenoma (sensitivity,
56–100%; specificity, 98–100%) [2, 3]. Thus, most adrenal
adenomas are homogenous and have low CT attenuation
and rapid contrast washout (Fig. 4).

Radiation Exposure

When treating a neoplasm with ionizing radiation, the
measure of energy deposited in a tissue is called the
“absorbed dose,” and the energy absorbed per unit of mass
is measured in the SI unit grays (Gy)—where 1 Gy equals
1 J of radiation energy absorbed per kilogram. In the past,

Fig. 3 Contrast-enhanced computed tomography of normal adrenal
glands. On this split axial computed tomographic image, the right
adrenal gland (arrow) is located medial to the right lobe of the liver,
lateral to the right crus of the diaphragm, and posterior to the inferior
vena cava. The left adrenal gland (arrow) lies in the triangle between
the aorta medially, the body and tail of the pancreas anteriorly, and the
upper anterior pole of the left kidney inferiorly
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treatment-related radiation exposure was expressed in rad
(1 Gy=100 rad). The radiation exposure from the environ-
ment or diagnostic x-rays is expressed in sieverts (Sv)
(which for x-rays is numerically equivalent to gray). Sievert
units are used when radiation dose distributions are not
homogeneous (e.g., with medical imaging) and is an
estimate of overall harm caused by radiation exposure.

Fig. 4 Computed tomographic scan of the abdomen of a 56-year-old
woman with an incidentally discovered, 2.5-cm, benign, lipid-rich left
adrenal adenoma. a Unenhanced, b contrast-enhanced, c 15-min
delayed. The attenuation values were −5, 50, and 12 HU, respectively,
with an absolute contrast washout of 69%

�Fig. 5 a Axial computed tomographic image (top) and coronal
computed tomographic image (bottom) of an incidentally discovered,
16×14×11-cm, nonfunctioning left adrenocortical carcinoma in a
49-year-old man. Computed tomography demonstrates heterogeneous
areas, irregular margins, inhomogeneous contrast enhancement, and
small calcifications. The precontrast attenuation was greater than
30 HU, and contrast washout was less than 50% at 15 min. b Gross
pathology cut section. The tumor measured 19.8×12.3×8.8 cm, and
findings on pathologic examination were consistent with adrenal
cortical carcinoma. The patient was treated with adjuvant mitotane
therapy and is alive without imaging evidence of recurrent disease
11 months postoperatively
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Roentgen equivalent man (rem) is the older unit of
equivalent dose (1 Sv=100 rem). Individuals in the USA
receive about 3 mSv (300 mrem) of exposure from
natural background radiation each year. A standard chest
x-ray (PA and LAT) has an effective radiation dose of
0.16 mSv (16 mrem) [4]. A CT scan of the abdomen has
an effective radiation dose of 10 mSv (1,000 mrem), and
the total dose is increased to 20 mSv (2,000 mrem) if the
CT scan is performed twice as part of an imaging package
(e.g., with and without contrast administration) [4]. The
effective radiation dose with MDCT is about 10% higher
than with SDCT.

Adrenal MRI

Body MRI is based on spatially encoding a nuclear
magnetic resonance signal where magnetic field gradients
are used to vary the frequency and phase of the signal. Then
images are reconstructed using mathematical algorithms to
convert the nuclear magnetic resonance signals into spatial
information. MRI is usually not the preferred imaging
modality for adrenal disorders unless CT-iodinated contrast
is contraindicated, exposure to radiation should be avoided
(e.g., pregnant patients), or findings on CT are inconclu-
sive. Normal adrenal glands and cortical adenomas have
low-to-intermediate signal on T1- and T2-weighted imag-
ing. Benign adrenal adenomas show a uniform low level of
enhancement on gadolinium-enhanced images and rapid
contrast washout.

The major advance for abdominal MRI imaging was
the development of chemical shift imaging, which allows
for detection of intracellular lipid in an adrenal mass.
The MRI signal is produced from two main types of
spinning protons—free water protons and fat protons.
The net MRI signal comes from the sum of the protons;
when fat and water protons are in phase, there is a higher
signal. MRI identifies intracellular lipid because of the
different resonant frequencies of fat and water protons in
a given voxel—intravoxel fat–water signal cancelation.
Thus, they cancel each other out during out-of-phase
breath-hold gradient-echo MRI—termed “loss of signal.”
With in-phase and opposed-phase T1-weighted scanning,
the breath-hold, two-dimensional spoiled gradient-
recalled echo technique is obtained with 4- to 5-mm
slice thickness and 0-mm gap. The sensitivity and
specificity of chemical shift imaging for benign adrenal
adenoma are 81% to 100% and 94% to 100%, respec-
tively [5–7]. If findings on chemical shift imaging are not
consistent with a cortical adenoma, then pregadolinium and
postgadolinium dynamic, multiphasic, three-dimensional
spoiled gradient echo imaging with fat suppression can be
performed. Contrast washout on MRI provides similar

Fig. 7 T2-weighted axial magnetic resonance image from a 72-year-
old man with adrenocortical carcinoma. The left adrenal mass (large
arrow) measures 12×8×8.7 cm, with tumor thrombus extending into
the left adrenal and renal veins (small arrows). Three months after
resection of this 330-g adrenocortical carcinoma, the patient died of
diffuse metastatic disease

Fig. 6 Axial computed tomographic images of a 65-year-old man
with nonfunctioning adrenocortical carcinoma. The top image shows
an 18.7×13.1×15.1-cm left adrenal mass (arrows). The bottom image
shows bilateral metastatic disease (arrows) to the lungs
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information to that found on CT—a maneuver first reported
with MRI [8]. In addition to the axial images, coronal T1-
and T2-weighted images following contrast administration
can be helpful in the evaluation of large adrenal masses and
impact on adjacent anatomy.

CT and MRI in ACC

CT and MRI are relatively equivalent imaging modalities in
distinguishing between benign and malignant adrenal masses
[9]. In the setting of ACC, CT and MRI usually show a large
(5–20 cm) mass that occupies the adrenal and periadrenal
regions (Fig. 5). Imaging features of ACC include heteroge-
neity with areas of hemorrhage and necrosis, irregular
margins, inhomogeneous contrast enhancement of solid
components, and occasional calcifications (Fig. 5) [10–12].
Approximately 90% of ACCs are larger than 6 cm at the
time of imaging [13]. Calcifications are more easily seen
with CT than MRI. Hepatic, lymph node, and pulmonary
metastases are common (Fig. 6). Associated tumor thrombus
may be evident in the renal vein or inferior vena cava in up
to 25% of patients (Fig. 7) [14]. Thus, in patients with
known or suspected ACC, it is important to extend the
images up through the base of the heart to assess for the
presence of vena caval tumor thrombus and to image the
lungs for possible pulmonary metastases (Fig. 6). In the
setting of ACC, the unenhanced attenuation values on CT are
usually more than 30 HU [15, 16]. With contrast adminis-
tration, ACCs have heterogeneous enhancement. In general,
the percentage contrast washout at 10 min is less than 50%
[15, 16]; however, percentage contrast washout varies
depending on which part of the mass is sampled.

With MRI, ACC—heterogeneous on both T1- and T2-
weighted images—has lower signal intensity on T1-
weighted images and higher signal intensity on T2-
weighted images than the liver; areas of hemorrhage have
hyperintense signal on both T1- and T2-weighted images.
However, ACC can contain foci of intracytoplasmic lipid,
so that some areas within the tumor may have signal loss on
out-of-phase imaging. MRI is superior to ultrasonography
and CT in accurately identifying ACC tumor extension into
the inferior vena cava (Fig. 7) [17].

Conclusion

Findings on CT and MRI are key in distinguishing between
benign and malignant adrenal masses. ACC is usually a
large (5–20 cm) mass with areas of hemorrhage and
necrosis, irregular margins, and occasional calcifications.
Unenhanced attenuation values on CT are usually more
than 30 HU, and with contrast administration, ACCs have

heterogeneous enhancement and slow contrast washout.
Associated tumor thrombus may be evident in the renal
vein or inferior vena cava in up to 25% of patients. CT and
MRI provide the clinician and surgeon with key informa-
tion to guide the medical and surgical management of ACC.
A historical perspective is important. As technology
advances over the next 30 years, imaging for ACC will
continue to evolve. In the future, the CT and MRI of today
will be regarded as primitive approaches to imaging for
ACC—just as we currently view plain abdominal roento-
gram and intravenous pyelogram.
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