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Virtual or real: lifelike cinematic rendering of adrenal tumors
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Abstract: The adrenal gland is small in size and hidden in location. Adrenal tumors are relatively difficult
to diagnose due to the wide variety of tumors and partial overlap of image features. Cinematic rendering
(CR) is a novel, three-dimensional post-processing technology that simulates how light propagates in
the real world, providing high-resolution visualizations that truly present subtle anatomical details. We
retrospectively collected a series of pathologically confirmed adrenal tumor cases, raw data was introduced
into the post-processing workstation, and different tools and templates of CR software were used for
reconstruction and rendering. Compared with traditional black and white two-dimensional images and
three-dimensional volume rendering (VR) images, CR images were more colorful, layered, and closer to
the truth. CR has potential in diagnosing and preoperative planning of adrenal tumors, allowing vivid and
realistic visualization of tumor location, morphology, different components (solid, cystic, fat, calcification,

etc.), the pattern of enhancement, and the relationship with surrounding tissues and organs.
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Introduction scanning protocol generally recommends an initial low-
dose, non-enhanced CT scan with a thin slice (2-3 mm)

Adrenal tumors are relatively common clinically, with and reconstructed in the axial and coronal planes (3). If the

a detection rate of about 4% in abdominal computed
tomography (CT) examinations and 6% at autopsy (1,2).
As the main imaging modality, CT can clearly show
the location, shape, size, margin, density, enhancement
characteristics, and the adjacent relationship with the
tumor’s surrounding tissues and organs. Adrenal CT

lesion does not have benign imaging features, including
significant lipid component and attenuation value <10
Hounsfield units [HU], further dynamic enhancement scans
(including early arterial, venous, and delayed phases) are
performed (4,5).

Compared to traditional two-dimensional multiplane
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recombination (MPR) images, the three-dimensional
volume rendering (VR) technique adopts more complex
algorithms based on the principle of ray casting and local
illumination and introduces colors to show different
anatomical structures of a body part. It allows analysis of
structures in different CT value units, highlighting the
tissue type, density, location, and surrounding relationships,
improving the 3D visualization of tumors, blood vessels,
and anatomical details (6,7). Over the past decade, 3D
VR technology has been widely used in diagnosing and
preoperative planning of various clinical diseases, including
cardiovascular diseases, and has shown excellent application
value. In coronary CT, low-dose enhancement scans
combined with VR reconstruction produced good image
quality, which could easily and clearly show coronary artery
variants and coronary artery disease (8,9).

In 2016, a more advanced 3D post-processing technology
than VR was introduced. Cinematic rendering (CR) is
based on light trajectory methods and a global illumination
model (10) inspired by highly realistic animated characters
in anime movies. CR technology simulates light reflection
and irradiation effects such as refraction, reflection, and
shadow in different directions in the real world, achieving a
perfect fusion of light and shadow, and has been gradually
applied to the medical field (11). In terms of its imaging
principle, the Monte Carlo equation is applied to construct
a model that simulates the propagation and interaction
of billions of photons in a random light path as they pass
through volume data to form a single pixel, ultimately
yielding a more realistic 3D image than the standard VR (7).
Compared with the single-pixel, single-light VR, CR
images' lighting and shading effects are more natural
and realistic, giving the observer a visual experience and
morphological perception close to the real world (12).
Since 2018, some reports have described CR technology’s
value for the liver, spleen, pancreas, gastrointestinal tract,
and cardiovascular system and have confirmed its potential
to display complex anatomical structures more accurately
with promising clinical applications (13-18). However, the
potential value of CR for adrenal lesion imaging has not
been reported.

In this pictorial review, we present CR images of some
common and rare cases of adrenal tumors, demonstrating
CR's role in the diagnosis and evaluation of adrenal lesions.
All raw volume CT data were obtained from Siemens CT
scanners (SOMATOM Definition AS or SOMATOM
Force), and the images were processed by syngo.via software
in MM reading mode.
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Normal adrenal anatomy

The adrenal glands are located in the retroperitoneal
space, anteriorly above the upper pole of both kidneys,
renal fascia, and abundant fat. They are usually an inverted
Y-shape on CT and composed of three parts: a body, medial
limb, and lateral limb. The left adrenal gland is adjacent to
the pancreas’ tail, spleen, stomach, and left kidney, and the
right adrenal gland is adjacent to the right lobe of the liver,
duodenum, inferior vena cava, and right kidney (19-21).

The gland is composed of a cortex and medulla, the
former originating in the mesoderm and the latter in the
ectoderm, and the histomorphology and function of the
two differ. The cortex is divided into three layers from
the outside to the inside: a zona glomerulosa, fasciculate,
and reticularis. The zona glomerulosa produces the
mineralocorticoid aldosterone that regulates electrolyte,
water, and sodium metabolism, while the zona fasciculate
secretes glucocorticoids, specifically cortisol, that regulate
sugar and protein metabolism. Finally, the zona reticularis
is the site of the production of sex hormones, mainly
androgens, and to a lesser extent estrogen. The adrenal
medulla is made up almost entirely of pheochromocytes
which secrete adrenaline, and norepinephrine, which are
collectively known as catecholamines (4,19).

Benign adrenal tumors

Benign adrenal tumors are most common in adenoma and
pheochromocytoma, with the former originating in the
cortex and the latter mostly occurring in the medulla. Other
less common benign adrenal tumors are myelolipoma,
hemangioma, ganglioneuroma, schwannoma, and fibroma.

Adrenal adenoma

Adenomas are the most common adrenal tumors, usually
occur unilaterally, and are most often solitary. The
tumors are usually small (less than 4 cm in diameter), are
round or oval with smooth margins, and while some have
endocrine function, others are nonfunctional. Plain CT
density correlates with cytoplasmic lipid content, and high
lipid content results in low density. Low tumor density
(unenhanced attenuation less than 10 HU) is specific to
benign adenomas because their cytoplasm is filled with lipid-
like particles or vacuoles (22,23). Lesions with attenuation
greater than 10 HU may undergo further dynamic
enhancement scans, and those with a benign washout
pattern are considered benign lesions (24,25). However,

Quant Imaging Med Surg 2021;11(8):3854-3866 | http://dx.doi.org/10.21037/qims-20-1282



3856

‘s‘

Tang et al. CR of adrenal tumors

Figure 1 A 50-year-old man with left adrenal adenoma. (A) Axial unenhanced CT shows a round nodule (arrow) in the left adrenal gland

with an attenuation value of 4 HU. (B) Cinematic rendering (CR) image in the same plane shows the left adrenal nodule more clearly (arrow).

as the adrenal gland is small and hidden in location, and
some tumors are too small to be displayed by unenhanced
CT, their diagnosis is often missed. VR technology rarely
uses unenhanced CT data to reconstruct soft tissue lesions
because of its lack of image resolution. CR technology can
process enhanced or unenhanced CT data and perform a
color display at axial, coronal, sagittal, and even arbitrary
angles, clearly separate adrenal tissue and adrenal nodules
from surrounding tissues, and vividly display the different
components within the nodules, facilitating the detection
and diagnosis of adenomas (Figures I and 2).

Pheochromocytoma

Pheochromocytomas are derived from catecholamine-
producing chromaffin cells, and the clinical presentations
are mainly paroxysmal hypertension and metabolic
disorders (26). Elevated metanephrine levels and
normetanephrine in plasma or 24-hour urine are the
most accurate diagnostic criteria (27,28). While 90%
of pheochromocytomas occur in the adrenal medulla,
approximately 25% are nonfunctional, patients are
asymptomatic, and most tumors are found incidentally (29).
Malignant transformation may occur in 10-17% of tumors,
showing irregular morphology and poorly defined borders,
combined with local infiltration of adjacent tissues or distant
metastases (30). On CT, pheochromocytomas are usually
large in size and can develop cystic changes, necrosis, and
hemorrhage leading to an inhomogeneous density with a
few associated calcifications. Attenuation on unenhanced
CT is most often greater than 10 HU, with moderate to
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marked enhancement after contrast injection, and more
than 60% contrast loss is demonstrated on a 15-minute
delayed scan (31,32). CR reconstruction can emphasize the
enhancement pattern by highlighting the enhanced tissues
inside the lesion, and adjusting the window width and level
helps distinguish the cystic necrotic area and fibrous septum
within the tumor (Figure 3).

Mpyelolipoma

Myelolipoma is a rare, nonfunctional, benign tumor, the
pathogenesis of which may be the metaplasia of capillary
reticuloendothelial cells. Histologically, it consists of a
mixture of mature bone marrow components and adipose
tissue in varying proportions (33). Patients are usually
asymptomatic and may experience abdominal pain when the
tumor is large enough to compress adjacent organs. The
tumors are mostly solitary, larger than 3 cm in size, rounded,
and may be lobulated, with some fibrous separation
visible. The foci are of uniform or inhomogeneous low
density, mostly of mixed density, with clear borders.
While some calcifications (about 20%) are visible, either
spotted or eggshell-like, after enhancement, the soft tissue
composition inside the mass is enhanced, while the fat
part is not. In brief, the presence of low-density fat is the
characteristic CT manifestation of this disease (34,35). The
CR software is configured with a library of templates in
different colors and suitable for different parts of the body
and different tissues and organs, which personalizes the
display of lesions in all parts of the body. Different tissue
components have different densities due to different CT
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Figure 2 A 34-year-old woman presented with hypertension for 3 months. (A) Axial unenhanced CT shows an oval low-density nodule

(arrow) on the right adrenal gland, approximately 16 mm x 11 mm in size, with an attenuation value of 9 HU. (B,C) Arterial and venous

phases: mild enhancement of the nodule margin. (D) Coronal CR image. Postoperative pathology revealed an adrenal adenoma.

Figure 3 Pheochromocytoma. A 58-year-old male with hypertension. (A) Arterial phase CT reveals a large solid-cystic mass in the right

adrenal gland. It is multilocular cystic with multiple fiber septa. The solid components are significantly enhanced. (B,C) CR images highlight

the enhancement pattern, and demonstrate the cystic necrotic area and fibrous septum within the tumor.

attenuation and can be presented in different colors by CR.
For example, in myelolipoma, the fat composition inside
the tumor is consistent with the density of subcutaneous fat
and abdominal fat, which can be displayed more intuitively
by CR technology and has a good teaching demonstration
effect on junior clinicians and radiologists (Figure 4).

Hemangioma

Hemangioma is a common benign tumor originating from
mesenchymal tissues, mostly congenital, and can occur in
many parts of the body. Pathologically, hemangiomas are

classified into cavernous, capillary, venous, epithelioid,
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Figure 4 A 51-year-old man with right adrenal myelolipoma. (A) Axial unenhanced CT. (B) Axial CR rendered image (purple template): the

right adrenal mass, abdominal fat, and subcutaneous fat all appear purple. (C) Coronal CR rendered image.

Figure 5 Cavernous hemangioma. A 49-year-old male with right lower back pain for 2 years. (A) Unenhanced abdominal CT. (B,C) In the

arterial phase, nodular enhancement is seen at the edges of the tumor, and in the venous phase, the enhancement is extended and fills in

towards the center (arrow).

granuloma, and other rare types. Adrenal cavernous
hemangioma is a non-functional tumor with few
malignant changes, which is rare and usually unilateral.
Its clinical symptoms usually relate to tumor compression
of surrounding organs, but there are also reports of
hypertension, hyperaldosteronism, subclinical Cushing’s
syndrome, spontaneous rupture, and hemorrhage (36). The
CT presentation is similar to that of hepatic cavernous
hemangiomas, with the most diagnostic significance being
the progressive enhancement pattern. This sees nodular and
patchy enhancement of the lesion margins in the arterial
phase, followed by a gradual widening of the extent and
centripetal filling and complete filling with contrast agents
in the delayed phase (37). CR images have a higher sense
of realism and detail, emphasizing the typical progressive
enhancement pattern of cavernous hemangioma, showing

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

areas of enhancement at the edge of the lesion and within it

in highlighted color (Figure 5).

Schwannoma

Schwannoma is a rare benign tumor originating from nerve
sheath cells in the nerve ectoderm, accounting for less than
1% of adrenal lesions. It is often clinically asymptomatic,
often found incidentally, more common in women, and
has a median detection age of 50 years (38). Histologically,
there are two main structures: Antoni A, composed of
chromatin-rich spindle cells, and Antoni B, which is less
cellular and rich in mucus. The distribution and proportion
of Antoni A and B regions in the tumor varies, resulting in
different CT densities, while the cystic changes are evident
when the mucus matrix is abundant. Some lesions have
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Figure 6 Schwannoma. A 64-year-old woman, in whom physical examination revealed a left adrenal mass. (A,B) Transverse location: arterial

phase CT exhibits a giant lobulated mass of the left adrenal gland, with uneven density and low-density cystic lesions. (C) Coronal position:

the tumor is located in the left retroperitoneal area, the spleen is compressed upward, and the left kidney is compressed downward. (D) After

concealing the left adrenal mass, the surrounding tissues, organs, blood vessels, and bones can be more clearly displayed.

spotted calcification, but calcification has no diagnostic
specificity (39). Adrenal schwannoma is a tumor with poor
blood supply. It shows mild peripheral enhancement in
the early stage and mild to moderate enhancement of the
solid portion of the lesion in the venous and delayed stages
(38,40). By adjusting the window width, CR techniques
allow for a clearer and more vivid highlighting of the
mucus-rich Antoni A region (low-density region) and the
cell-rich Antoni B region (equal or slightly higher density)
of the tumor. The tumor is usually large in size and has a
compression effect on the surrounding tissues and organs,
leading to changes in their morphology and location. The
use of a semi-transparent template can conceal the low-
density tumor and spatially highlight the lesion’s location
and changes in its surrounding structures, contributing to
preoperative localization and evaluation (Figure 6).

Malignant adrenal tumors
Adrenocortical carcinoma

Adrenocortical carcinoma is rare in clinical practice, with
functional and non-functional carcinoma each accounting

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

for about half of the cases, and the functional manifestation
often Cushing’s syndrome. The average age of detection
is between 40 and 50 years old, and the tumor has a 1.5:1
ratio of females to males, perhaps related to the role of
estrogen (17b-estradiol) in tumorigenesis (41,42). Mostly
unilateral, the tumor is large (more than 5 cm) and prone
to hemorrhage, necrosis, cystic degeneration, and, in a few
cases, calcification. Unlike adenomas, the tumor can easily
penetrate the envelope and invade surrounding tissues and
organs with irregular morphology accompanied by the
formation of an intravascular cancer plug. Adrenocortical
carcinoma often metastasizes to the liver, lymph nodes,
lung, brain, and other places at an early stage (43). Tumor
tissues on enhancement CT are poorly enhanced or show
an irregular intensification and peripheral ring, with a
slow decrease in intensity during the delayed phase (44).
Although adrenocortical carcinoma is difficult to distinguish
from pheochromocytoma because of its inconspicuous
imaging features, CR can overcome the shortcoming of
insignificant tumor enhancement and emphasize the small
arterial blood supply and enhancement area within the
lesion, allowing radiologists to analyze its enhancement
features (Figure 7). Furthermore, color rendering at
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Figure 7 Adrenocortical carcinoma. A 54-year-old female with a left adrenal mass on physical examination. (A) Unenhanced CT reveals

an oval mass in the left adrenal region, posterior to the pancreas’ tail, with inhomogeneous density (white star). (B) In the arterial phase,

tortuous and thickened small vessels can be seen inside the tumor. A residual fatty gap between the mass and the pancreatic tail is seen with

a fine linear low-density shadow, suggesting that the tumor is not from the pancreas. (C) Coronal CR image clearly shows the relationship

between tumor and surrounding tissues and organs. (D) In the venous phase, the tumor's solid components are uniformly enhanced, and a

few areas of cystic changes are seen internally.

either angle provides a more realistic view of the tumor’s
infiltration of surrounding tissues and organs.

Neuroblastoma

Neuroblastoma accounts for 10% of childhood tumors
and occurs primarily in the adrenal medulla (49%) or
retroperitoneal sympathetic ganglia (30%), followed by the
posterior mediastinal, cervical, and visceral sympathetic
ganglia. The tumor can also occur in subcutaneous tissues
and at multiple sites (45). It is more common in infants
and young children, 80% of whom are under 5 years of
age and 50% of whom already have liver, lymph node,
and bone metastases at the time of initial diagnosis. The
clinical presentation is usually a painless mass, and due to
the early onset of metastasis, is accompanied by a variety
of manifestations such as anemia, weight loss, low fever,

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

and enlarged lymph nodes. If bone metastases are present,
patients present with bone pain and dyskinesia (46).
On imaging, the tumor is usually an irregular, solid soft
tissue mass with large volume, often combined with
hemorrhage, necrosis, or calcification. The most common
form of calcification is punctiform, but it can also be ring-
shaped or patchy and is more obvious after chemotherapy.
A few tumors are of uniform soft tissue density without
calcification making diagnosis difficult, and when the
tumor involves the adjacent kidneys, differentiation from
nephroblastoma can be a major challenge (47).

In 2009, the International Neuroblastoma Risk Group
(INRG) developed the preoperative imaging staging system
[INRG Staging System (INRGSS)], which indicates that
CT and/or MR can be used to diagnose and differentiate
tumors before surgery or other treatments and to assess
Image-Defined Risk Factors (IDRFs). Points to be
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Figure 8 Neuroblastoma. (A,B,C) A 3-year-old female child with an abdominal mass. Coronal CT image exhibits a large mass with
inhomogeneous density, multiple areas of low-density liquefied necrosis inside, and its inferior border in contact with the left common iliac
artery. Translucent CR highlights in the same plane the subtle pitting calcification (yellow arrows) inside the mass. (D,E,F) A 7-month-
old male infant with an abdominal mass. CR images display a huge soft tissue mass in the left retroperitoneal area. The intestinal tract and

superior mesenteric artery are shifted to the right, the left kidney is compressed to shift backward, and the left renal artery is in contact with

the mass’s posterior margin.

evaluated include the location and number of primary
tumors, localized or distant metastases, and whether there is
a visible layer between the tumor and normal tissue (contact,
encasement, infiltration, or invasion between the two).
When the tumor infiltrates or encircles surrounding tissues,
organs, or vessels, IDRFs are considered positive (48,49).
CR has great advantages in displaying fine anatomical
structures and can show the whole tumor in the same plane
and highlight the different tissue components within it,
especially the fine calcification of neuroblastoma (Figure §).
Also, CR can be used to characterize the primary tumor,
evaluate the relationship between tumor and surrounding
tissues, and assess preoperative tumor staging and IDRFs,
to achieve accurate medical treatment.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Lympboma

Adrenal lymphoma is rare, mostly non-Hodgkin lymphoma
(NHL), and may be unilateral or bilateral. Most commonly
seen in the elderly, the clinical manifestations are not typical
and may be fever, fatigue, and generalized superficial lymph
node enlargement (50). The tumor presents as a soft tissue
mass with a more uniform density and a moderate degree
of enhancement (51) and may be accompanied by enlarged
retroperitoneal lymph nodes and invasion of the liver and
skin. If there is diffuse infiltration of the spleen or kidney,
lymphoma is strongly suggested. CR post-processing
shows the location, morphology, density, enhancement
pattern, extent of involvement, and depth of infiltration
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Figure 9 Lymphoma. A 44-year-old man with left lumbar and abdominal pain for 1 hour. (A,B) Axial position: at the arterial stage, bilateral

perirenal soft tissue density shadows (yellow arrows) are uniformly intensified. The left mass is larger and encircles the entire left kidney,

while the right mass is smaller and located in front of the right kidney. (C) In the coronal position, most of the masses are located over both

kidneys. (D) In the sagittal position, the left mass surrounds the left kidney.

of lymphoma in different planes (Figure 9), providing
comprehensive diagnostic information for clinicians.

Adrenal metastases

The metastatic tumor is the most common malignant
tumor of the adrenal gland, and its primary foci are lung
cancer and breast cancer, followed by cancer of the thyroid,
stomach, pancreas, colon, and malignant melanoma.
The metastatic tumor may be unilateral or bilateral, is
generally small, but can also be unilaterally large. Its cell
composition and enhancement pattern are often associated
with primary cancer, usually without calcification (4,21,52).
CR rendering imaging simultaneously shows the primary
tumor and unilateral or bilateral adrenal metastases in
the same plane and has a tremendous visual impact on
physicians and patients (Figure 10). Vividly and concretely

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

presenting detailed information of the disease with a single
image will facilitate effective doctor-patient communication
and contribute to the understanding of the disease among
interns and junior doctors.

Conclusions

CR simulates the physical transmission of light in different
environments in the real world, giving colorful vitality
to the black-and-white image world. It presents the fine
anatomical structures of different parts of the human body
realistically and vividly, giving clinicians and patients a
deeper perception. It also shows good potential application
value in adrenal tumor localization, diagnosis, differential
diagnosis, preoperative planning, teaching, and doctor-
patient communication, which needs to be further verified
in future studies.
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Figure 10 Adrenal Metastases. (A) A 60-year-old man with adenocarcinoma of the right lower lung. Coronal CT demonstrates a mass in

the lower lobe of the right lung and multiple nodules in bilateral adrenal glands. (B) A 76-year-old man with squamous cell carcinoma of the

right lung. CT image shows an irregular mass in the mediastinum and right lower lung portal area, encircling the heart and large vessels,

obstructing the right lower lobe bronchus, along with a lobulated mass in the left adrenal region (yellow arrow: lung mass; white arrow:

adrenal metastatic tumor).
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