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The role of radiologic imaging in the diagnosis
of adrenal tumors: a literature review

Ruta Pupalyte’, Algidas Basevicius®

'Faculty of Medicine, Lithuanian University of Health Sciences, Kaunas, Lithuania
*Department of Radiology, Lithuanian University of Health Sciences, Kaunas, Lithuania

ABSTRACT

Background and aim. The adrenal tumors are a reasonably common pathology. Radiologic imaging detects an adrenal
neoplasm in approximately 4% of the patients incidentally. It is also a valuable tool that assists in determining a diag-
nosis. Furthermore, it may facilitate the further investigation and management of the lesion. This article aims to assess
imaging features that are characteristic of the most common adrenal tumors.

Materials and methods. A selective search was carried out for relevant studies concerning radiologic imaging of ad-
renal adenoma, myelolipoma, pheochromocytoma, carcinoma, metastases, neural crest tumors, lymphoma, hemangi-
oma, lymphangioma, and schwannoma. Medline (PubMed), Cochrane Library, SpringerLink and ScienceDirect data-
bases were used.

Results. US is helpful for the screening of masses in the suprarenal region. Nevertheless, its findings have to be verified
by CT or MRI. The golden standard of assessing adrenal tumors is native CT. Those lesions which present with probable
malignant features should be evaluated using dynamic contrast-enhanced CT. Chemical shift MRI is a feasible alterna-
tive, especially in lipomatous masses. PET/CT is recommended for patients with large or indeterminate lesions.
Conclusion. Adrenal CT protocol is the most reliable technique in the differentiation of these diverse neoplasms. On
the other hand, CS-MRI is indispensable for verifying intratumoral adipose tissue and, consequently, selecting the most
appropriate approach to manage the mass. Furthermore, PET/CT permits characterizing indistinctive tumors and their
potential metastatic spread.

Keywords: adrenal adenoma, pheochromocytoma, adrenocortical carcinoma, adrenal metastasis, computed to-

mography, magnetic resonance imaging

INTRODUCTION

The adrenal tumors are a reasonably common
pathology. Clinical manifestations of these le-
sions are various; they cause abdominal pain,
distention or fever [1]. However, the majority
of the masses are asymptomatic. Although they
originate from hormone-secreting cells in the
adrenal cortex or medulla, the tumors are usu-
ally non-functional [2]. Hence, an adrenal mass
often is a coincidental imaging finding. Adrenal
tumors are found incidentally in approximately
4% of the patients during an abdominal CT scan
due to unrelated symptoms [3].

Initial clinical workup, including examination of
the patient and laboratory tests, is used in distin-
guishing the probable type of the tumor. Radio-
logic imaging is also a valuable tool that assists
in determining an accurate diagnosis. Conse-
quently, precise evaluation of imaging findings

allows reducing the number of adrenal biopsies,
surgeries and complications [4]. Therefore, the
knowledge of imaging techniques and features
associated with a particular pathology is im-
mensely beneficial.

AIM

To evaluate radiologic imaging features that
are representative of the most common adre-
nal tumors.

MATERIALS AND METHODS

A selective search was carried out for relevant
studies concerning radiologic imaging of adeno-
ma, myelolipoma, pheochromocytoma, carcino-
ma, metastases, neural crest tumors, lymphoma,
hemangioma, lymphangioma, and schwannoma
of the adrenal gland. We chose databases from
the subscription list of Lithuanian University of



Health Sciences. Medline (PubMed), Cochrane
Library, SpringerLink and ScienceDirect data-
bases were used.

RESULTS

Adrenal lesions might not accurately visualize on
conventional ultrasound (US) due to small size,
stomach or intestinal gas, obesity or severe liver
steatosis. US is helpful for the screening of mass-
es in the suprarenal region. Nevertheless, its find-
ings have to be verified by computed tomography
(CT) or magnetic resonance imaging (MRI).

The golden standard of assessing adrenal tum-
ors is CT [5]. Smaller, slow-growth lesions are
presumably benign [6, 7]. Moreover, the attenu-
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ation value of 10 Hounsfield units (HU) or less
suggests a benign mass on native CT [8-10]. If
unenhanced CT scan displays feature associated
with malignancy, dynamic contrast-enhanced
CT (DCE-CT) with 15-min delayed acquisition
through the upper abdomen should be per-
formed [11].

Neoplasms of the adrenal gland have a distinctive
pattern of the contrast washout [12]. Moreover,
quantitative parameters, such as total percentage
washout (APW) and relative percentage washout
(RPW), can be calculated [13]. This radiolog-
ic framework allows differentiating the lesions
more precisely.

Adrenal tumors should also be evaluated using
chemical shift MRI (CS-MRI) [14]. The sequence

Figure 1. Axial unenhanced CT (A), DCE-CT during the portal venous phase (B) and 15-min delayed CT scans demon-
strate well-defined hypoattenuated adrenal lesion (arrow) with early enhancement and rapid washout. SUVmax of the
mass is 4.1 on 18F-FDG PET/CT (D). Imaging findings are suggestive of adrenal adenoma. (Humbert, AL, Lecoanet G,
Moog S, Bouderraoui F, Bresler L, Vignaud JM, Chevalier E, Brunaud L, Klein M, Cuny T. The computed tomography
adrenal wash-out analysis properly classifies cortisol secreting adrenocortical adenomas. Endocrine 2018; 59: 529-537)
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Figure 2. Myelolipoma of almost 100% macroscopic fat (circle) is observed in the right adrenal gland on axial unen-
hanced CT (A). Its attenuation value is lower than of myelolipoma containing approximately 10% macroscopic fat (B).
(Campbell MJ, Obasi M, Wu B, Corwin MT, Fananapazir G. The radiographically diagnosed adrenal myelolipoma: what

do we really know? Endocrine 2017; 58: 289-294)

Figure 3. A loss of Sl is displayed within adrenal my-
elolipoma (arrow) between the in-phase (A) and op-
posed-phase (B) axial CS-MRI. (Lesbats-Jacquot V,
Cucchi JM, Amoretti N, Novellas S, Chevallier P, Brune-
ton JN. Lipomatous tumors of the adrenals - a report on
18 cases and review of the literature. Clin Imag 2007; 31:
335-339)

8

determines a loss of signal intensity (SI) on op-
posed-phase images compared to in-phase im-
ages. This signal drop correlates to intracytoplas-
mic fat and leads to a presumption of a benign
mass [15]. CS-MRI is superior to DCE-CT only
in those cases where the unenhanced attenua-
tion value of the adrenal lesion is < 80 HU [16].
If a hyperattenuating tumor presents, DCE-CT
achieves higher sensitivity than CS-MRI [17].
However, MRI is appropriate in pregnant pa-
tients or those with iodine hypersensitivity and
reduced renal function.

Diffusion-weighted MRI (DW-MRI) is not rou-
tinely used for separating adrenal neoplasms
[18].

Nuclear medicine, especially positron emission
tomography (PET), plays a role in the differen-
tial diagnosis of adrenal tumors. Various radio-
isotopes are used, the most common one being
fluorine-18-fludeoxyglucose (18F-FDG). A hy-
brid technique, PET/CT, is recommended for
patients with large or indeterminate lesions. In-
creased metabolic activity of 18F-FDG is charac-
teristic of malignant masses [8, 9, 19-22]. Even
though PET/CT demonstrates high accuracy, it
is still inferior to DCE-CT [23].
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Figure 4. A large pheochromocytoma (arrow) appears as
a heterogeneous lesion with inhomogeneous enhance-
ment and non-enhancing necrosis and cystic changes on
axial native (A), 1-min (B) and 15-min delayed (C) CT.
(Kim DW, Yoon SK, Kim SH, Kang EJ, Kwon HJ. Assess-
ment of clinical and radiologic differences between small
and large adrenal pheochromocytomas. Clin Imag 2017;
43:153-157)

18F.FDOPA 6Ga.DOTATATE 18E.FDG

= .

Figure 5. An avid peripheral uptake of radioisotopes with central photopenia (arrow) is depicted in the left adrenal gland
on axial attenuation-corrected 18F-FDOPA, 68Ga-DOTATATE, 18F-FDG PET (A-C) and PET/CT (D-F) images. These
features imply the presence of pheochromocytoma. (Taieb D, Jha A, Guerin C, Pang Y, Adams KT, Chen CC, Romanet P,
Roche P, Essamet W, Ling A et al. 18F-FDOPA PET/CT imaging of MAX-related pheochromocytoma. J Clin Endocrinol
Metab 2018; 103(4): 1574-1582)

9
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Figure 6. Adrenocortical carcinoma (arrow) presents
with a large central non-enhancing hypodense region
consistent with necrosis on axial native CT. (Thomas AJ,
Habra MA, Bhosale PR, Qayyum AA, Ahmed K, Vicens
R, Elsayes KM. Interobserver agreement in distinguishing
large adrenal adenomas and adrenocortical carcinomas
on computed tomography. Abdom Radiol 2018; 43: 3101-
3108)

Figure 7. A lack of 11C-MTO uptake within a necrotic adrenal carcinoma (long arrow) is assessed on PET (A). How-
ever, a reminiscent uptake (short arrow) can be seen. On the other hand, pheochromocytoma (arrow) does not take up
11C-MTO at any rate (B). (Hennings ], Lindhe O, Bergstrom M, Langstrom B, Sundin A, Hellman P. [11C] Metomidate
positron emission tomography of adrenocortical tumors in correlation with histopathological findings. J Clin Endocrinol
Metab 2006; 91(4):1410-1414)

10
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Figure 8. Adrenal metastasis is depicted on axial unenhanced CT (A), attenuation-corrected 18F-FDG PET (B) and fused
PET/CT images (C). CT displays a well-circumscribed left adrenal tumor (arrow); increased 18F-FDG uptake is observed
on PET and PET/CT. The primary lung cancer (continuous circle) and metastatic bone lesions (dashed circle) are seen
on coronal plane of these images (D-F). (Refaat R, Elghazaly H. Employing 18F-FDG PET/CT for distinguishing benign
from metastatic adrenal masses. Egypt ] Radiol Nucl Med 2017; 48: 1065-1071)

11
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Figure 9. Ganglioneuroma (arrow) of the right adrenal gland is demonstrated as homogeneous and hypointense on MRI
T1W image (A), heterogeneous and hyperintense on T2W image (B), homogeneous and isointense on fat-supressed
T1W image (C). After administration of the contrast agent, a slight and heterogeenous enhancement is observed (D).
(Qing Y, Bin X, Jian W, Li G, Linhui W, Bing L, Huiqing W, Inghao S. Adrenal ganglioneuromas: a 10-year experience in
a Chinese population. Surgery 2010; 147(6): 854-860)

Figure 10. A heterogeneous hypoattenuated mass (white
arrow), seen on axial contrast-enhanced CT, suggests

a neuroblastoma. Thrombosis of the inferior vena cava
(black arrow) is also displayed. It drains into a collateral
vein (arrowhead). (Mehta SV, Lim-Dunham JE. Ultra-
sonographic appearance of pediatric abdominal neuro-
blastoma with inferior vena cava extension. J Ultrasound
Med 2003; 22: 1091-1095)

12
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Figure 11. Increased 18F-FDG metabolic activity shows lymphoma of the left adrenal gland (arrow) on axial unenhanced
CT (A) and 18F-FDG PET/CT (B). Resolution of the disease after chemotherapy is determined on axial PET/CT (C) and
coronal PET (D) images. (Cistaro A, Asabella AN, Coppolino P, Quartuccio N, Altini C, Cucinotta M, Alongi P, Balma
M, Sanfilippo S, Buschiazzo A et al. Diagnostic and prognostic value of 18F-FDG PET/CT in comparison with morpho-
logical imaging in primary adrenal gland malignancies — a multicenter experience. Hell ] Nucl Med 2015; 18(2): 97-102)

13
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Figure 12. On axial DCE-CT, slight irregular peripheral enhancement and small calcifications during the arterial phase
and more intense peripheral enhancement during the delayed phase within a mass (arrow) suggests a cavernous heman-
gioma of the right adrenal gland. (Xu HX, Liu GJ. Huge cavernous hemangioma of the adrenal gland. ] Ultrasound Med
2003; 22: 523-526)

Figure 13. Coronal T2W MRI shows a multiloculated cyctic mass (arrows) in the left adrenal gland (A). On contrast-en-
hanced fat-saturated TITW MRI, only enhancement of intratumoral septations (dashed arrows) is seen (B). Findings are
characteristic of adrenal lymphangioma. (Secil M, Demir O, Yorukoglu K. MRI of adrenal lymphangioma: a case report.
Quant Imaging Med Surg 2013; 3(6): 347-348)

14



RADIOLOGY UPDATE VOL. 3 (5) ISSN 2424-5755

Figure 14. A well-defined homogeneous lesion (arrow)

is displayed on axial native CT (A). After injection of the
contrast material, slight enhancement of the tumor is
observed during arterial phase (B) and delayed phase (C).
These features are indicative of Schwannoma. (Suzuki K,
Nakanishi A, Kurosaki Y, Nogaki J, Takaba E. Adrenal
schwannoma: CT and MRI findings. Radiat Med 2007;
25:299-302)

DISCUSSION

Adrenocortical adenomas are the most common
adrenal neoplasms [3, 24]. These tumors are
smaller than others [17, 25, 26] and they usually
do not expand. In the case of adrenal adenoma,
the mass is observed with cross-sectional imag-
ing over time to detect possible changes in size.
An increase of 1 cm is associated with a three
times higher risk of a tumor being non-adeno-
matous [17].

On US, the findings are not specific. Adrenal ad-
enoma is depicted as a small, well-defined solid
lesion in the suprarenal region [27].
Histologically,adenoma contains a relatively high
amount of intracytoplasmic lipid. This structural
particularity is associated with lower attenuation
value on native CT. A threshold of 10 HU is used
to distinguish adenomas from non-adenomas.
However, the quantity of intracellular fat may
vary. As a result, imaging findings also differ. The
majority of lipid-rich adenomas present as round
hypoattenuating (< 10 HU) masses with regular
margins on unenhanced CT [28, 29], contrary to
lipid-poor adenomas and non-adenomatous tu-
mors (> 10 HU) [25]. It is difficult, yet essential
to separate lipid-poor adenomas from malignant
lesions due to further diagnostic and treatment
strategy. The presence of hyperdense foci (> 10
HU) within a mass requires more detailed as-
sessment.

It should be noted that the 10 HU threshold has
high sensitivity, although it lacks specificity. As
stated by Iniguez-Ariza et al., a limit of 20 HU
would decrease the number of false positive
scans [7].

Moreover, the analysis of an unenhanced CT
histogram is superior to the assessment of unen-
hanced mean attenuation. The former has higher
sensitivity; a threshold of > 10% negative pixels
is used for identifying adenoma [30, 31].

While hyperattenuating lipid-poor adenomas are
difficult to differentiate from non-adenomatous
lesions on native CT, they respond to contrast
enhancement similarly to hypodense lipid-rich
adenomas [25]. Higher enhancement, earlier
and more rapid enhancement washout suggests
adenomatous, either lipid-rich or lipid-poor, a
tumor on DCE-CT (Figure 1) [12, 13, 25]. Still,

15
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comparing lipid-rich adenomas to those con-
taining a small amount of lipid, the former has
slightly lower enhanced attenuation values, as
well as delayed contrast-enhanced attenuation
values [12, 25, 32].

There is minor overlap between washout pat-
terns of adenomas and non-adenomas [12].
Hence, they are not pathognomonic.

For 10-min delayed CT, the thresholds of APW
and RPW are 50% and 40%, respectively, indi-
cating adrenocortical adenoma [33]. For 15-min
delayed CT, the thresholds are 60% and 40%,
accordingly [13, 25, 34, 35]. However, RPW and
15-min delayed CT is shown to be more precise
(12, 17, 33]. RPW is usually lower in lipid-poor
adenomas [32].

Perfusion CT is beneficial in the separation of
adenomatous and non-adenomatous lesions as
well; the adenomas demonstrate larger blood
volume values [36, 37]. Nonetheless, perfusion
CT is inferior to washout CT.

Considering that adrenal adenomas contain a
relatively large amount of lipid, CS-MRI has be-
come a valuable tool for discriminating them
from the other tumors [38, 39]. Adenoma can
be determined by decreased SI on T1-weighted
(T1W) opposed-phase images compared to TIW
in-phase images [40-44]. Indeed, this technique
is less appropriate for lipid-poor adenomas.
Quantitative parameters can also be calculated
using intratumoral SI on the in-phase and op-
posed-phase images. Adrenal-to-spleen ratio
(ASR) and SI index (SII) are shown to be the
most reliable parameters for the separation of
adenomas and non-adenomas on CS-MRI [45].
ASR < 0.71 or SII > 16.5% is suggestive of li-
pid-rich adenoma [46, 47]. However, SII is more
precise than ASR [47]. Considering the diagnos-
tic possibilities of CS-MRI, it is far more superior
to unenhanced CT [46], yet inferior to DCE-CT
(48], especially for the characterization of li-
pid-poor adenomas. CS-MRI has a remarkable
sensitivity if the attenuation value of the lesion is
< 20 HU on native CT. In other cases, the sensi-
tivity decreases [49].

A substantial overlap of apparent diffusion co-
efficient (ADC) values in adenomatous and
non-adenomatous tumors are observed on DW-
MRI [42, 50].
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On dynamic contrast-enhanced MRI (DCE-
MRI), the adrenocortical adenoma can be depict-
ed by homogeneous enhancement on the arteri-
al phase or capillary blush (increased SI higher
than liver) with rapid washout on the venous
phase [41, 43, 51]. In the case of lipid-poor ade-
noma, DCE-MRI is more valuable than CS-MRI
due to inadequate SI loss on the opposed-phase.
On the other hand, it should be used carefully in
patients with decreased renal function owing to
possible gadolinium-induced nephrogenic sys-
temic fibrosis [52].

Lower 18F-FDG uptake of the lesion compared
to uptake of the liver parenchyma indicates an
adenoma on PET/CT [23, 53]. Still, there is a
moderate overlap of 18F-FDG metabolic activ-
ity between adenomas and non-adenomas, e.g.,
hormone-secreting adenomas or those with
large amounts of intracytoplasmic lipofuscin can
mimic malignant adrenal neoplasms due to in-
creased 18F-FDG uptake [54, 55].

Myelolipoma is the second most frequent adrenal
incidentaloma [3]. It is always benign and most-
ly consists of adipocytes with some hematopoi-
etic elements. However, fat is not an imperative
element of the lesion. Although the majority of
tumors are found in the adrenal gland, extra-ad-
renal myelolipomas are also identified [56-59].
Myelolipomas are encapsulated or have definite
margins [60]. Atypical findings are hemorrhage
or calcification within the mass [61-63]. They
grow relatively slowly [64]. Nonetheless, the tu-
mors tend to become larger; those who exceed
10 cm in diameter are known as giant myeloli-
pomas. Bigger masses are likely to rupture and
produce hematomas [65].

On US, myelolipoma is depicted as a heteroge-
neous hyperechoic or isoechogenic mass in the
suprarenal region [62, 66-68]. Heterogenicity is
a result of the variable architecture of the lesion.
Low attenuation is characteristic of myeloid
components. Therefore, hemopoietic cells deter-
mine the presence of hypoechogenic foci within
the lipomatous tumor [68, 69].

Supersonic shear wave elastography may help dis-
tinguish myelolipomas from other benign adrenal
masses; myelolipomas are harder than nodular
hyperplasia or adenomas [70]. However, the US is
insufficient in the diagnosis of myelolipoma.



RADIOLOGY UPDATE VOL. 3 (5) ISSN 2424-5755

A round or oval well-circumscribed heterogene-
ous hypodense lesion is observed in a case of my-
elolipoma on unenhanced CT [71, 72]. Negative
attenuation values imply the presence of fat [68].
Hence, the attenuation of the tumor depends on
the amount of the adipose tissue (Figure 2).
Mild enhancement is detected in the hemato-
poietic regions after the injection of the contrast
material [72, 73].

On MR, features typical of myelolipoma might
vary. On T1W images, it can present as a homo-
geneous hyperintense or hypointense (if mye-
loid components predominate) mass with reg-
ular margins [71, 74]. On T2W images, high or
intermediate SI is observed [22, 71].

Using fat-saturated T2W images, loss of SI
within the fat allows identifying myelolipoma
(Figure 3) [72].

A signal drop, which indicates the presence of
adipose tissue, is also seen on opposed-phase
CS-MRI [74].

Gadolinium-enhanced MRI displays mild en-
hancement of the tumor [72].

Metabolic activity of 18F-FDG is lower in fat
compared to myeloid tissue [75]. Consequently,
the uptake of 18F-FDG is usually not increased
on PET/CT [76].

Pheochromocytoma is a rare adrenomedullary
tumor derived from chromaffin cells. Extra-ad-
renal pheochromocytomas, termed as paragan-
gliomas, arise from paraganglionic chromaffin
cells in the sympathetic nervous system. Most
patients with chromaffin-derived neoplasms
have hereditary or de novo germline mutations
in one of the susceptibility genes [77].

A portion of these masses secrete catechola-
mines. Thus, they can precipitate headache, car-
diac arrhythmias or life-threatening hyperten-
sion since adrenergic crisis may occur during
percutaneous biopsy [78, 79]. Laboratory tests
along with radiological imaging play an essential
role in the determination of pheochromocytoma
and its function.

On native CT, around homogeneous or, most-
ly, heterogeneous lesion with possible calcifica-
tion, cystic or hemorrhagic changes is observed
in a case of pheochromocytoma [80-83]. Cystic
degeneration and necrosis are more common
in larger masses [84]. The attenuation of pheo-

chromocytoma is usually > 10 HU, and it does
not significantly differ from the attenuation of
lipid-poor adenoma [81, 85, 86]. However, com-
pared to lipid-poor adenomas, pheochromocy-
tomas are more extensive [85, 86]. If a malignant
transformation has occurred, metastases in the
regional lymph nodes or liver parenchyma can
be detected [87].

DCE-CT is recommended as the first-line imag-
ing tool in patients with suspected adrenomedul-
lary neoplasm [88]. On DCE-CT, pheochromo-
cytoma presents as a heterogeneous hyperdense
lesion; its attenuation is higher than of adenoma
[34, 86, 89]. Regions with no enhancement can
be noticed if cystic or necrotic changes are pres-
ent (Figure 4) [81]. The contrast agent washout
of this tumor is variable. Lower APW and RPW
are representative of pheochromocytoma rather
than of adrenal adenoma [86]. Nonetheless, it
can frequently imitate adenoma due to a similar
washout pattern [81, 82, 84]. As stated by Woo
et al., 35% of pheochromocytomas display early
contrast enhancement and washout with coin-
ciding APW and RPW [90]. Thus, the exclusion
of this tumor should not be based only on the
findings of the DCE-CT.

On T1W images, pheochromocytoma is hypoin-
tense. On T2W images, it is depicted as a solid,
hypervascular, hyperintense mass [80]. However,
it can mimic other benign or malignant tumors
due to atypical features, such as fat, hemorrhage,
cysts or calcification.

CS-MRI is also beneficial; SIT < 16.5% and ASR
SI ratio > 0.71 imply pheochromocytoma [86].
Nonetheless, if a tumor is larger, an SI drop cor-
relating to a higher amount of intracytoplasmic
lipid can be observed on opposed-phase images.
DW-MRI may help differentiate pheochromocy-
tomas from adenomas. The use of ADC in sep-
arating adrenal neoplasms has been debatable
[91-93]. However, a new study shows that eval-
uating the heterogenicity of diffusion is more ac-
curate. According to Umanodan et al., increased
entropy of ADC values is characteristic to phe-
ochromocytomas rather than adenomas [94].
Hemorrhage, necrosis or cystic changes are more
frequent in pheochromocytomas, and these fea-
tures determine the heterogenicity of the tumor.
Therefore, a wider range of ADC values is seen in

17
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the ADC histogram.

Avid heterogeneous enhancement is character-
istic to pheochromocytoma on T1W gadolini-
um-enhanced images.

On PET/CT, pheochromocytoma is recognized
by high uptake intensity compared to the liver
parenchyma, regardless of the radioactive trac-
er (Figure 5) [95]. Still, 18F-FDG is the tracer of
choice in diagnosing this adrenomedullary tu-
mor [96]. Metabolic activity of the lesion helps to
make a distinction between a benign and malig-
nant pheochromocytoma. The latter is larger and
has a higher 18F-FDG maximum standardized
uptake value (SUVmax) [97].
Iodine-131-metaiodobenzylguanidine
(131I-MIBG), another tracer, is taken up by
catecholamine-secreting tumors. Thus, it is
useful in the diagnosis of pheochromocytoma.
131I-MIBG, being a pharmacologic analog of
guanethidine and norepinephrine, competes
with endogenic amines in adrenergic tissues.
18F-FDG and 131I-MIBG scans complement
one another in the identification of pheochro-
mocytomas [97]. However, 18F-FDG PET/CT
has higher sensitivity in detecting the dissemi-
nation of the disease [77]. Therefore, it should be
used if the metastatic spread is suspected [88].
18F-FDG PET/CT is useful in the diagnosis of
pheochromocytoma, yet this imaging technique
is inferior to CT or MRI [98].

Radioisotope gallium-68-DOTA-tyr3-octreotate
(68Ga-DOTATATE) is presumably superior to
18F-FDG and 1311-MIBG. The use of 68Ga-DO-
TATATE PET/CT in conjunction with 18F-FDG
PET/CT is beneficial in patients with the aggres-
sive phenotype of the disease. In such a case, low
68Ga-DOTATATE and high 18F-FDG uptake
are observed [95].

PET/CT with fluorine-18-dihydroxyphenylana-
nine (18F-DOPA) is valuable as well. As stated
by Fiebrich et al., it is more sensitive than other
imaging techniques in distinguishing catechola-
mine-secreting masses. Moreover, the metabol-
ic activity of 18F-DOPA correlates with plasma
and urine normetanephrine [99].

In spite of that, the uptake of radioactive tracers
is predisposed not only by the location, malig-
nancy or secretory function of pheochromocy-
toma but also by the underlying genetic status
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[97, 100-102]. Consequently, the results of ge-
netic testing should be taken into consideration
while evaluating PET/CT images.

Primary carcinoma of the adrenal gland is a
rare tumor, often found incidentally. Neverthe-
less, abdominal pain or a palpable mass can be
present. Moreover, endocrine dysfunction, such
as virilization, feminization or Cushing’s syn-
drome, is frequently observed in patients with
adrenocortical carcinoma [103, 104].

The prognosis of adrenal carcinoma is poor; the
5-year survival rate is approximately 50% [104,
105]. Older age, more significant lesion and met-
astatic spread is associated with malignancy and
lower survival rate [7, 105].

Radiologic imaging enables to diagnose this ag-
gressive neoplasm. On the US, a heteroechoic
mass is detected in the adrenal gland [106].

On unenhanced CT, carcinoma presents as a
round, oval or lobulated heterogeneous mass
[107, 108]. The attenuation values of carcino-
ma are higher than of adenoma, although there
is an overlap [28, 109]. Adrenocortical carcino-
ma may have a central hypodense region due to
hemorrhage or necrosis (Figure 6). Additional-
ly, hyperdense areas owing to calcification can
be seen [110]. Infiltration to the adjacent tissue,
including inferior vena cava liver or kidney, ad-
enopathy, and metastasis helps to differentiate
carcinoma from a benign tumor [110, 111].
After the injection of the contrast agent, inho-
mogeneous peripheral enhancement of the le-
sion is indicative of carcinoma [110]. RPW <
40% is consistent with malignancy [111, 112].
CT 3D reconstruction of the malignant lesion is
valuable for evaluating its invasion and choosing
the most suitable surgery plan [113, 114].

MRI is another useful imaging tool. A heter-
ogeneous hyperintense mass is observed in a
case of carcinoma on TIW and T2W images
[22, 115, 116].

Intracytoplasmic lipid is not typical. Nonethe-
less, fatty regions within the tumor may be pres-
ent in some cases. Thus, foci of decreased SI are
seen on opposed-phase images.

18F-FDG PET/CT offers high diagnostic perfor-
mance in separating malignant adrenal masses
[26, 117]. Intense heterogeneous metabolic ac-
tivity of 18F-FDG suggests carcinoma [115].
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Using carbon-11-metomidate (11C-MTO) as a
tracer, carcinoma can be differentiated from oth-
er adrenal lesions on PET. Extremely increased
uptake of this radioactive isotope is characteris-
tic of carcinoma, whereas pheochromocytoma
and metastasis are 11C-MTO negative [118,
119]. Regions lacking the 11C-MTO uptake
correlate to necrosis within the tumor (Figure
7). Nuclear medicine also contributes to the
staging of the disease and follow-up after the
treatment [120-122].

Primary tumors that disseminate to the adrenal
glands are usually found in the lungs and esoph-
agus [123-126]. Adrenal metastases are signifi-
cantly larger than benign adrenal masses [127].
Nonetheless, other radiologic findings associat-
ed with malignancy are more valuable for diag-
nosis [124].

The US has low sensitivity in differentiating adre-
nal lesions. Still, it can be used, if other radiolog-
ic techniques are contraindicated. The metastatic
tumor is recognized by its hypoechogenicity. On
contrast-enhanced endoscopic US (CE-EUS), it
appears as a hypervascular mass during the early
vascular phase with delayed enhancement [128].
Adrenal metastasis presents as a solid hyper-
dense mass with smooth or irregular margins on
native CT [123, 127, 129]. The majority of me-
tastases are heterogeneous. However, this feature
is not pathognomic [129, 130]. Regional lym-
phadenopathy, thrombosis of the renal vein or
inferior vena cava and invasion of the adjacent
tissues also allows differentiating malignant le-
sions from the benign ones. Furthermore, they
show a higher and more rapid increase in size
than benign lesions on follow-up images [129].
On DCE-CT, heterogeneous peripheral en-
hancement is observed [130].

Heterogeneous mass that is isointense on T1W
images and hyperintense on T2W images im-
plies the presence of metastasis.

CS-MRI demonstrates an insignificant signal
drop on the opposed-phase images [43].
Gadolinium-enhanced MRI shows moderate
and persistent peripheral enhancement without
washout suggestive of metastasis [41, 43].
PET/CT is a precise, non-invasive imaging tech-
nique, although it has a lower accuracy than
DCE-CT [23]. A combination of washout CT

and PET/CT is more accurate for the identifi-
cation of metastasis than these imaging tools
separately [123]. 18F-FDG uptake is higher or
equal that of the liver in patients with metastat-
ic foci (Figure 8) [21, 131-133]. These masses
have higher 18F-FDG metabolic activity than
benign lesions [21, 23]; SUVmax > 2.5 is char-
acteristic of metastasis [125, 126, 134]. In some
cases, the low metabolic activity of the radioiso-
tope may be observed. This finding is associated
with necrotic, hemorrhagic or especially small
metastases [135].

A broad spectrum of masses, other than phe-
ochromocytoma, arises from adrenomedullary
ganglion cells. One of them, ganglioneuroma is
a benign tumor. It originates from neural crest
cells and consists of Schwann cells, ganglion
cells, and nerve fibers. The majority of these
masses are asymptomatic, therefore, they are
found incidentally [136-138]. In other cases,
patients experience abdominal discomfort or
hypertension [137].

The radiologic features of ganglioneuroma are
non-specific. On the US, it is depicted as a
well-defined hypoechoic lesion, usually > 3 cm
in size [136].

The blood flow signal is not established on Color
Doppler US [136].

Unenhanced CT provides more information
about the adrenal pathology. An oval or lobulat-
ed encapsulated lesion of low-attenuation, yet >
10 HU, is observed in patients with ganglioneu-
roma [136, 138-140]. Its homogeneity depends
on the different proportions of Schwann cells
and ganglions. CT may also display either cen-
tral or peripheral speckled calcifications [136,
137, 140-142].

After the injection of the iodine-based contrast,
low to intermediate delayed heterogeneous en-
hancement suggests a ganglioneuroma [136,
137, 142, 143].

Low SI on T1W images and high SI on T2W
images are typical of ganglioneuroma (Figure
9) [136, 138, 139, 141, 144]. Nonetheless, it does
not allow to differentiate ganglioneuroma from
other neurogenic tumors.

DCE-MRI demonstrates weak delayed enhance-
ment, as seen on DCE-CT [145, 146]. Still, MRI
is inferior to CT owing to the ability of the latter
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to showcase intratumoral calcifications [147].
Nuclear medicine can help identify the lesion,
although the findings are not pathognomic.
Metabolic activity of 18F-FDG is frequently
mildly increased [136, 142, 146], yet gangli-
oneuroma sometimes does not take up the ra-
dioisotope at all [138].

If 1311-MIBG is used as a tracer, increased up-
take can be observed.

Another tumor that originates from neural crest
cells is neuroblastoma. It is a malignant mass
common in the pediatric population [1]. Clin-
ical symptoms characteristic of the tumor are
irregular fever, abdominal pain or a palpable
mass [148-150]. Neuroblastomas are extremely
aggressive; the five-year overall survival rate is
50.8% [150]. However, in rare cases, neuroblas-
toma may undergo histological maturation into
a benign ganglioneuroma [151].

A solid heterogeneously echoic lesion or an
anechoic cystic mass is displayed on the US
[152-156]. Bright echoes with acoustic shad-
owing, indicative of calcifications, may also be
detected [156].

Native CT allows assessing the mass more scru-
pulously. Heterogeneous hypodense irregular-
ly-shaped mass with granular calcifications is
suggestive of neuroblastoma. Additionally, ne-
crosis or cystic changes are frequent findings.
Features, associated with malignancy, such as
infiltration of the adjacent organs and lymphatic
metastases, are also typical (Figure 10) [148].
Moderate inhomogeneous enhancement, except
for the regions of necrosis and cystic changes, is
seen on contrast-enhanced CT [148, 157].

On MRI, neuroblastoma presents as hypointense
on T1IW images and hyperintense on T2W imag-
es, identical to ganglioneuroma [149, 158, 159].
On gadolinium-enhanced MRI, heterogeneous
enhancement of the mass is recognized [158].
Scintigraphy with 123MIBG or 131MIBG has
become a valuable tool for the identification
and staging of malignant neural crest tumors
[160]. Increased MIBG uptake is determined
in patients with neuroblastoma [161, 162]. Al-
though, a false-negative scan may be occasion-
ally observed [162]. Thus, 18F-FDG PET is rec-
ommended owing to its higher sensitivity [163].
According to Kroiss et al., gallium-68-DO-
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TA-tyr3-octreotide (68Ga-DOTATOC) PET
could also be helpful [164]. However, integrated
imaging of MRI and PET further increases the
accuracy in diagnosing neuroblastomas [165].
Ganglioneuroblastoma is a transitional mass
which contains cells of both benign ganglioneu-
roma and malignant neuroblastoma. It is less
differentiated than ganglioneuroma and is more
related to neuroblastoma by its aggressive be-
havior. The main distinction between these two
tumors is the regular margins of ganglioneuro-
blastoma and lower CT attenuation value due to
its hypocellularity compared to neuroblastoma.
Moreover, metastases are also more frequently
observed in patients with neuroblastomas [166].
Imaging features of ganglioneuromas, gangli-
oneuroblastomas, and neuroblastomas do not
significantly differ. Consequently, distinguishing
neural crest tumors is possible only by a histo-
logical examination. However, a study shows
that DW-MRI can be useful to separate these
lesions. They are all hyperintense on DW-MRI.
Nonetheless, ADC of malignant lesions is higher
than of the benign ones [167].

Adrenal lymphoma, a rare tumor, can be prima-
ry or secondary. The most common histolog-
ical type is non-Hodgkin lymphoma. Adrenal
lymphoma occurs in 4% of the patients with
non-Hodgkin lymphoma [168]. The mass usu-
ally presents with atypical symptoms, such as
abdominal pain, fever or weight loss [169-171].
Radiologic imaging plays a notable role in the
identification of the lesion. A heterogeneous hy-
poechoic mass with feasible hepatosplenomegaly
can be determined on the US [172, 173]. Howev-
er, the US lacks sensitivity in differentiating lym-
phoma from other adrenal malignant tumors.
On native CT, lymphoma is recognized as a
round, oval or lobulated mass which is hypo-
dense compared to the liver parenchyma, yet
its attenuation value is > 10 HU [169, 174-176].
Rarely, calcifications within the mass can be seen
[177]. Lymphoma is usually a well-defined lesion
without invasion of the adjacent organs [178].
DCE-CT shows a slight gradual, heterogeneous
enhancement [174, 175, 179].

Low to intermediate ST on MRI T1W images and
high SI on T2W images is characteristic of adre-
nal lymphoma [178].
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Using CS-MRYI, a loss of SI is not visualized on
opposed-phase images [174].

DW-MRI displays restricted diffusion within the
lesion [179, 180].

On gadolinium-enhanced MRI, solid mass with
homogeneous or heterogeneous contrast en-
hancement implies lymphoma [178-180]. In
some cases, enlargement of the regional lymph
nodes is established [181, 182].

PET/CT has higher accuracy in the differen-
tiation of adrenal lymphoma than DCE-CT
[117]. PET/CT images show avid 18F-FDG
uptake in patients with lymphoma (Figure 11)
[174, 183-185].

Cavernous hemangioma is an uncommon pa-
thology of the adrenal gland; it usually affects
skin and liver. Hemangioma is a benign vascular
mass that consists of angioblastic cells. Due to
their absent clinical manifestation, only enlarged
(> 10 cm) hemangiomas are diagnosed clinically.
Unfortunately, large hemangiomas may rupture
and cause retroperitoneal hemorrhage, leading
to hypotension [186].

Radiologic imaging determines the lesion acci-
dentally in most cases. On the US, hemangioma
appears as a well-defined hyperechoic inhomo-
geneous solid lesion in the suprarenal area [187,
188]. However, some patients present with a
lesion that consists of diffuse anechoic regions
with hyperechoic septa [189]. Intratumoral cal-
cified foci may also be observed [188].

On unenhanced CT, a heterogeneous hypoatten-
uated lesion with regular margins and peripher-
al calcifications is characteristic of hemangioma
[190-196].

The mass with the hypodense center is displayed
on DCE-CT [192, 197]. Early irregular peripher-
al enhancement with enhancement extending to
the center of the lesion during the delayed phase
suggests an adrenal hemangioma (Figure 12)
[189].

MRI does not show high sensitivity in the diag-
nosis of the tumor. The findings are non-specific,
i.e,, hemangioma is hypointense on T1W imag-
es and hyperintense on T2W images [187, 188,
198]. Regions of high SI within the mass are in-
dicative of hemorrhage or calcification [190].
On opposed-phase CS-MRI, SI does not change
significantly [190].

The enhancement pattern on DCE-MRI is simi-
lar to that on DCE-CT; early peripheral rim-like
enhancement with slow patchy centripetal en-
hancement is determined [189, 190].
Lymphangioma is another benign tumor. Histo-
logically, it is composed of multicystic owing to
irregular dilated lymphatic vessels [199]. Lym-
phangiomas are frequently found in the neck,
axilla, and mediastinum; adrenal lymphangioma
is an extremely rare pathology. Adrenal masses
are usually asymptomatic. However, abdominal
or back pain can be present [199].

The US, as a primary imaging method, depicts
the tumor as a well-defined multilocular anecho-
ic cystic lesion [200-202].

Adrenal lymphangioma should be included in
the differential diagnosis if a well-circumscribed
hypodense mass with subtle septal structures is
observed on native CT scans [203, 204]. Attenu-
ation values are similar to those of lipid-rich ade-
nomas. Nonetheless, only septal enhancement is
seen after the administration of the contrast ma-
terial in patients with lymphangioma [201, 204,
205]. Moreover, peripheral curvilinear or punc-
tate calcifications may be recognized within lym-
phangiomas, contrary to adenomas [200, 204].
Lymphangioma appears hypointense on MRI
TW1 images and hyperintense on T2W images
[206-208].

On gadolinium-enhanced MRI, isolated sep-
tal enhancement is typical of the tumor, corre-
spondingly to DCE-CT images (Figure 13) [202].
Although radiologic imaging has become highly
informative in distinguishing the adrenal tum-
ors, malignant lesions remain in the differential
diagnosis, if lymphangioma is present.

Adrenal schwannoma is a slowly growing benign
mass. It arises from Schwann cells of myelinated
sympathetic nerve fibers that innervate the ad-
renal medulla. Histologically, these tumors have
two principal microscopic patterns of growth.
The Antoni A pattern is highly cellular, the An-
toni B pattern is composed of myxoid and hya-
line degeneration. The tumor is usually asymp-
tomatic [209-211]. When large, schwannomas
develop degenerative (hemorrhagic or cystic)
changes. These degenerative lesions are known
as ancient schwannomas.

Schwannoma is frequently found incidental-
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ly during the US examination. It is displayed
as a hypoechoic mass with definite margins
[212, 213].

On native CT, non-specific findings are observed
in patients with adrenal schwannoma. The lesion
is well-circumscribed heterogeneous and low-at-
tenuated [214, 215]. Septa, cystic changes and
calcification related to the tumor wall may be
identified [214, 216, 217]. In such cases, schwan-
noma mimics a malignant tumor.

On DCE-CT, mild heterogeneous contrast en-
hancement during the hepatic arterial phase
with progressive enhancement during the portal
vein phase implies the presence of schwannoma
(Figure 14) [212, 214, 215, 218].

Schwannoma is hypointense to isointense on
MRI T1W images. On T2W images, it is inho-
mogeneous and hyperintense [211, 215, 218,
219]. T2W images are more informative; high-
er SI is characteristic of predominant Antoni
B tissue rather than of Antoni A tissue [220].
The chemical shift sequence does not show a
signal drop on opposed-phase images [215].
On DCE-MRI, schwannoma is identified by
early enhancement without significant wash-
out [221].

PET/CT demonstrates increased homogeneous
or heterogeneous 18F-FDG uptake [222].

In conclusion, non-invasive radiologic imaging
allows identifying typically asymptomatic tum-
ors of the adrenal gland. Adrenal CT protocol
is the most reliable technique in the differenti-
ation of these diverse neoplasms. On the other
hand, CS-MRI is indispensable for verifying in-
tratumoral lipomatous components and, conse-
quently, selecting the most appropriate approach
to manage the mass. Furthermore, PET/CT per-
mits characterizing indeterminate tumors and
their potential metastatic spread. Nonetheless,
some neoplasms do not display specific features
and cannot be distinguished only based on radi-
ologic imaging. Hence, clinical symptoms, labo-
ratory test, and biopsy are essential for making a
correct diagnosis.

22

REFERENCES

1. Lin X, Wu D, Chen C, Zheng N. Clinical characteristics of ad-
renal tumors in children: a retrospective review of a 15-year sin-
gle-center experience. Int Urol Nephrol 2017; 49: 381-385.

2. Ahn SH, Kim JH, Baek SH, Kim H, Cho YY, Suh S, Kim BJ,
H S, Koh JMK, Lee SH et al. Characteristics of adrenal inciden-
talomas in a large, prospective computed tomography-based
multicenter study: the COAR study in Korea. Yonsei Med J 2018;
59(4): 501-510.

3. Bovio S, Cataldi A, Reimondo G, Sperone P, Novello S, Berruti
A, Borasio P, Fava C, Dogliotti L, Scagliotti GV et al. Prevalence
of adrenal incidentaloma in a contemporary computerized to-
mography series. ] Endocrinol Invest 2006; 29: 298-302.

4. Paulsen SD, Nghiem HYV, Korobkin M, Caoili EM, Higgins EJ.
Changing role of imaging-guided percutaneous biopsy of ad-
renal masses: evaluation of 50 adrenal biopsies. AJR 2004; 182:
1033-1037.

5. Azoury SC, Nagarajan N, Young A, Mathur A, Prescott JD,
FIshman EK, Zeiger MA. Computed tomography in the manage-
ment of adrenal tumors: does size still matter? ] Comput Assist
Tomogr 2017; 41: 628-632.

6. Foo E, Turner R, Wang KC, Aniss A, Gill AJ, Sidhu S, Clift-
on-Bright R, Sywak M. Predicting malignancy in adrenal inci-
dentaloma and evaluation of a novel risk stratification algorithm.
ANZ ] Surg 2018; 88: E173-177.

7. Iniguez-Ariza NM, Kohlenberg JD, Delivanis DA, Hartman
RP, Dean DS, Thomas MA, Shah MZ, Herndon J, McKenzie TJ,
Arlt W et al. Clinical, biochemical, and radiological characteris-
tics of a single-center retrospective cohort of 705 large adrenal
tumors. Mayo Clin Proc Inn Qual Out 2018; 2(1): 30-39.

8. Delivanis DA, Bancos I, Atwell TD, Schmit GD, Eiken PW, Natt
N, Erickson D, Maraka S, Young Jr WE Nathan MA. Diagnostic
performance of unenhanced computed tomography and 18F-fluo-
rodeoxyglucose positron emission tomography in indeterminate
adrenal tumours. Clin Endocrinol (Oxf) 2018; 88: 30-36.

9. Mohamed RE, Sherif MF, Amin A. Differentiation of adrenal
incidentalomas by qualitative and quantitative analytical data
obtained by 18F-FDG positron emission tomography/ computed
tomography in cancer patients. Egypt J Radiol Nucl Med 2018;
49: 764-775.

10. Dinnes J, Bancos I, Di Ruffano LE, Chortis V, Davenport C,
Bayliss S, Sahdev A, Guest P, Fassnacht M, Deeks J]J et al. Imaging
for the diagnosis of malignancy in incidentally discovered adre-
nal masses: a systematic review and meta-analysis. Eur ] Endo-
crinol 2016; 175: R51-R64.

11. Mayo-Smith WW, Song JH, Boland GL, Francis IR, Israel
GM, Mazzaglia PJ, Berland LL, Pandharipande PV. Management
of incidental adrenal masses: a white paper of the ACR incidental
findings committee. ] Am Coll Radiol 2017; 14: 1038-1044.

12. Wang X, Li K, Sun H, Zhao J, Zheng L, Zhang Z, Bai R, Zhang
G. Differentiation between adrenal adenomas and nonadenomas
using dynamic contrast-enhanced computed tomography. Onco
Targets Ther 2016; 9: 6809-6817.

13. Korobkin M, Brodeur FJ, Francis IR, Quint LE, Dunnick NR,
Londy F. CT time-attenuation washout curves of adrenal adeno-
mas and nonadenomas. AJR 1998; 170: 747-752.

14. Song ], Zhang C, Liu Q, Yu T, Jiang X, Xia Q, Zhang Y, Seque-
iros RB. Utility of chemical shift and diffusion-weighted imaging
in characterization of hyperattenuating adrenal lesions at 3.0T.
Eur J Radiol 2012; 81: 2137-2143.

15. Leroy-Willig A, Bittoun A, Luton JP, Louvel A, Lefevre JE,



RADIOLOGY UPDATE VOL. 3 (5) ISSN 2424-5755

Bonnin A, Roucayrol JC. In vivo MR spectroscopic imaging of
the adrenal glands: distinction between adenomas and carcino-
mas larger than 15 mm based on lipid content. AJR 1989; 153:
771-773.

16. Wu YW, Tan CH. Determination of a cutoff attenuation val-
ue on single-phase contrast-enhanced CT for characterizing ad-
renal nodules via chemical shift MRI. Abdom Radiol 2016; 41:
1170-1177.

17. Koo HJ, Choi HJ, Kim HJ, Kim SO, Cho KS. The value of
15-minute delayed contrast-enhanced CT to differentiate hyper-
attenuating adrenal masses compared with chemical shift MR
imaging. Eur Radiol 2014; 24: 1410-1420.

18. El-Kalioubie M, Emad-Eldin S, Abdelaziz O. Diffu-
sion-weighted MRI in adrenal lesions: a warranted adjunct?
Egypt J Radiol Nucl Med 2016; 47: 599-606.

19. Guerin C, Pattou F, Brunaud, Lifante JC, Mirallie E, Haissa-
guerre M, Huglo D, Olivier P, Houzard C, Ansquer C et al. Per-
formance of 18F-FDG PET/CT in the characterization of adrenal
masses in noncancer patients: a prospective study. J Clin Endo-
crinol Metab 2017; 102(7): 2465-2472.

20. Han SJ, Kim TS, Jeon SW, Jeong SJ, Yun M, Rhee Y, Kang
ES, Cha BS, Lee EJ, Lee HC et al. Analysis of adrenal masses by
18F-F-FDG positron emission tomography scanning. Int J Clin
Pract 2007; 61(5): 802-809.

21. Erasmus JJ, Patz Jr EF, McAdams HP, Murray JG, Herndon J,
Coleman RE, Goodman PC. Evaluation of adrenal masses in pa-
tients with bronchogenic carcinoma using 18F-fluorodeoxyglu-
cose positron emission tomography. AJR 1997; 168: 1357-1360.

22. Maurea S, Mainolfi C, Bazzicalupo L, Panico MR, Imparato
C, Alfano B, Ziviello M, Salvatore M. Imaging of adrenal tumors
using FDG PET: comparison of benign and malignant lesions.
AJR 1999; 173: 25-29.

23. Park BK, Kim CK, Kim B, Choi JY. Comparison of delayed
enhanced CT and 18F-FDG PET/CT in the evaluation of adre-
nal masses in oncology patients. ] Comput Assist Tomogr 2007;
31(4): 550-556.

24. Song JH, Chaudhry FS, Mayo-Smith WW. The incidental ad-
renal mass on CT: prevalence of adrenal disease in 1,049 consec-
utive adrenal masses in patients with no known malignancy. AJR
2008; 190: 1163-1168.

25. Caoili EM, Korobkin M, Francis IR, Cohan RH, Dunnick
NR. Delayed enhanced CT of lipid-poor adrenal adenomas. AJR
2000; 175: 1411-1415.

26. Humbert AL, Lecoanet G, Moog S, Bouderraoui E, Bresler L,
Vignaud JM, Chevalier E, Brunaud L, Klein M, Cuny T. The com-
puted tomography adrenal wash-out analysis properly classifies
cortisol secreting adrenocortical adenomas. Endocrine 2018; 59:
529-537.

27.S. Goyal, Essentials of abdomino-pelvic sonography: a hand-
book for practitioners. 1st ed. Boca Raton, FL: CRC Press/Taylor
& Francis Group, 2018.

28. Thomas AJ, Habra MA, Bhosale PR, Qayyum AA, Ahmed K,
Vicens R, Elsayes KM. Interobserver agreement in distinguishing
large adrenal adenomas and adrenocortical carcinomas on com-
puted tomography. Abdom Radiol 2018; 43: 3101-3108.

29. Korobkin M, Brodeur FJ, Yutzy GG, Francis IR, Quint LE,
Dunnick NR, Kazerooni EA. Differentiation of adrenal adeno-
mas from nonadenomas using CT attenuation values. AJR 1996;
166: 531-536.

30. Ho LM, Paulson EK, Brady MJ, Wong TZ, Schindera ST. Li-
pid-poor adenomas on unenehanced CT: does histogram analy-
sis increase sensitivity compared with a mean attenuation thresh-

old? AJR 2008; 191: 234-238.

31. Jhaveri KS, Wong F, Ghai S, Haider MA. Comparison of CT
histogram analysis and chemical shift MRI in the characterization
of indeterminate adrenal nodules. AJR 2006; 187: 1303-1308.

32. Mosconi C, Vicennati V, Papadopoulos D, Di Dalmazi G,
Morselli-Labate AM, Golfieri R, Pasquali R. Can imaging predict
subclinical cortisol secretion in patients with adrenal adenomas?
A CT predictive score. AJR 209; 122-129.

33. Sangwaiya M]J, Boland GWL, Cronin CG, Blake MA, Halpern
EE Hahn PE Incidental adrenal lesions: accuracy of character-
ization with contrast-enhanced washout multidetector CT -
10-minute delayed imaging protocol revisited in a large patient
cohort. Radiology 2010; 256(2): 504-510.

34, Northcutt BG, Trakhtenbroit MA, Gomez EN, Fishman
EK, Johnson PT. Adrenal adenoma and pheochromocytoma:
comparison of multidetector CT venous enhancement levels
and washout characteristics. ] Comput ASsist Tomogr 2016; 40:
194-200.

35. Mohamed RE, Abodewan KA, Amin MA. Diagnostic value of
delayed washout rate of contrast-enhanced multi-detector com-
puted tomography in adrenal incidentalomas. Alexandria ] Med
2014; 50: 345-358.

36. Qin H, Sun H, Li Y, Shen B. Application of CT perfusion im-
aging to the histological differentiation of adrenal gland tumors.
Eur J Radiol 2012; 81: 502-507.

37. Mohammed AR, Ahmed AT, Khalil TH, Refaie HE Dynamic
perfusion CT parameters and delayed contrast washout CT in
characterization of adrenal tumors: a comparative study. Egypt ]
Radiol Nucl Med 2017; 48: 707-716.

38. Platzek I, Sieron D, Plodeck V, Borkowetz A, Laniado M,
Hoffmann RT. Chemical shift imaging for evaluation of adrenal
masses: a systematic review and meta-analysis. Eur Radiol 2019;
29(2): 806-817.

39. Hanna S, El-Kalioubie M, Badawy H, Halim M. Optimal di-
agnosis of adrenal masses. Egypt ] Radiol Nucl Med 2015; 46:
511-520.

40. Bilbey JH, McLoughlin RF, Kurkjian PS, Wilkins GEL, Chan
NHL, Schmidt N, Singer J. MR imaging of adrenal masses: value
of chemical-shift imaging for distinguishing adenomas from oth-
er tumors. AJR 1995; 164: 637-642.

41. Chung JJ, Semelka RC, Martin DR. Adrenal adenomas: char-
acteristic postgadolinium capillary blush on dynamic MR imag-
ing. ] Magn Reson Imaging 2001; 13: 242-248.

42. Miller FH, Wang Y, McCarthy R]J, Yaghmai V, Merrick L,
Larson, Berggruen S, Casalino DD, Nikolaidis P. Utility of diffu-
sion-weighted MRI in characterization of adrenal lesions. AJR
2010; 194: W179-W185.

43. Rodacki K, Ramalho M, Dale BM, Battisti S, de Campos ROP,
Giardino A, Semelka RC. Combined chemical shift imaging with
early dynamic serial gadolinium-enhanced MRI in the character-
ization of adrenal lesions. AJR 2014; 203: 99-106.

44. Slapa RZ, Jakubowski W, Januszewicz A, Kasperlik-Zaluska
AA, Dabrowska E, Fijuth J, Feltynowski T, Tarnawski R, Krolicki
L. Discriminatory power of MRI for differentiation of adrenal
non-adenomas vs adenomas evaluated by means of ROC analy-
sis: can biopsy be obviated? Eur Radiol 2000; 10: 95-104.

45. Afifi AH, Shafy HLA, Ramadan AA, Ataa MA, Assad SN.
Role of quantitative chemical shift magnetic resonance imaging
and chemical shift subtraction technique in discriminating ade-
nomatous from non adenomatous adrenal solid lesions. Egypt ]
Radiol Nucl Med 2017; 48: 271-284.

46. Israel GM, Korobkin M, Wang C, Hecht EN, Krinsky GA.

23



JOURNAL AVAILABLE AT RADIOLOGYUPDATE.ORG

Comparison of unenhanced CT and chemical shift MRI in eval-
uating lipid-rich adrenal adenomas. AJR 2004; 183: 215-219.

47. Fujiyoshi E, Nakajo M, Fukukura Y, Tsuchimochi S. Charac-
terization of adrenal tumors by chemical shift fast low-angle shot
MR imaging: comparison of four methods of quantitative evalu-
ation. AJR 2003; 180: 1649-1657.

48. Warda MHA, Shehata SM, Zaiton E Chemical-shift MRI ver-
sus washout CT for characterizing adrenal incidentalomas. J Clin
Imaging 2016; 40: 780-787.

49. Seo JM, Park BK, Park SY, Kim CK. Characterization of li-

pid-poor adrenal adenoma: chemical-shift MRI and washout CT.
AJR 2014; 202: 1043-1050.

50. Cicekci M, Onur MR, Aydin AM, Gul Y, Ozkan Y, Akpolat
N, Kocakoc E. The role of apparent diffusion coefficient values
in differentiation between adrenal masses. ] Clin Imaging 2014;
38: 148-153.

51. Becker-Weidman D, Kalb B, Mittal PK, Harri PA, Arif-Tiwari
H, Farris AB, Chen Z, Sungjin K, Mrtin DR. Differentiation of
lipid-poor adrenal adenomas from non-adenomas with magnet-
ic resonance imaging: utility of dynamic, contrast enhancement
and single-shot T2-weighted sequences. Eur ] Radiol 2015; 84:
2045-2051.

52. Schieda N, Blaichman JI, Costa AF, Glikstein R, Hurrell C,
James M, Maralani PJ], Shabana W, Tang A, Tsampalieros A et
al. Gadolinium-based contrast agents in kidney disease: a com-
prehensive review and clinical practice guideline issued by the
Canadian association of radiologists. Can J of Kidney Health Dis
2018;5:1-17.

53. Boland GWL, Blake MA, Holalkere NS, Hahn PE PET/CT
for the characterization of adrenal masses in patients with can-
cer: qualitative versus quantitative accuracy in 150 consecutive
patients. AJR 2009; 192: 956-962.

54. Papadakis GZ, Millo C, Stratakis CA. Benign hormone-se-
creting adenoma within a larger adrenocortical mass showing in-
tensely increased activity on 18F-FDG PET/CT. Endocrine 2016;
54(1): 269-270.

55. Matsumoto S, Hosoya Y, Lefor AK, Haruta H, Ui T, Kurashina
K, Saito S, Ashizawa K, Sasaki T, Kitayama et al. A black adrenal
adenoma with high FDG uptake on PET/CT scan in a patient
with esophageal carcinoma: a case report. Int J Surg Case Rep
2018; 44: 118-121.

56. Sagan D, Zdunek M, Korobowicz E. Primary myelolipoma of
the chest wall. Ann Thorac Surg 2009; 88: e39-e41.

57. Karam AR, Nugent W, Falardeau J, Desai D, Khan A, Shankar
S. Multifocal extra-adrenal myelolipoma arising in the greater
omentum. Radiology Case 2009; 3(11): 20-23.

58. Omdal DG, Baird DE, Burton BS, Goodhue Jr WW, Giddens
EM. Myelolipoma of the thoracic spine. AJNR 1997; 18: 977-979.
59. Kumar M, Duerinckx AJ. Bilateral extraadrenal perirenal my-
elolipomas: an imaging challenge. AJR 2004; 183: 833-836.

60. Ketelsen D, von Weyhern CH, Horger M. Diagnosis of bi-
lateral giant adrenal myelolipoma. J Clin Oncol 2010; 28(33):
€678-e679.

61. Chung HM, Luo FJ, Wu TM, Tsai YC. Adrenal myelolipoma
with spontaneous hemorrhage. Urol Sci 2010; 21(3): 152-154.

62. Behan M, Martin EC, Muecke EC, Kazam E. Myelolipoma
of the adrenal: two cases with ultrasound and CT findings. AJR
1977; 129: 993-996.

63. Lam KY, Lo CY. Adrenal lipomatous tumours: a 30 year clin-
ico-pathological experience at a single institution. J Clin Pathol
2001; 54: 707-712.

64. Campbell MJ, Obasi M, Wu B, Corwin MT, Fananapazir G.
The radiographically diagnosed adrenal myelolipoma: what do

24

we really know? Endocrine 2017; 58: 289-294.

65. Amano T, Takemae K, Niikura S, Kouno M, Amano M. Ret-
roperitoneal hemorrhage due to spontaneous rupture of adrenal
myelolipoma. Int ] Urol 1999; 6: 585-588.

66. Lesbats-Jacquot V, Cucchi JM, Amoretti N, Novellas S, Chev-
allier P, Bruneton JN. Lipomatous tumors of the adrenals — a re-
port on 18 cases and review of the literature. Clin Imaging 2007;
31:335-339.

67.Yildiz L, Akpolat I, Erzurumlu K, Aydin O, Kandemir B. Gi-
ant adrenal myelolipoma: case report and review of the literature.
Pathol Int 2000; 50: 502-504.

68. Musante F, Derchi LE, Zappasodi F, Bazzocchi M, Riviezzo
GC, Banderali A, Cicio GR. Myelolipoma of the adrenal gland:
sonographic and CT features. AJR 1988; 151: 961-964.

69. Sandoval MAS, Anel-Quimpo J. A giant myelolipoma dis-
covered as an adrenal incidentaloma: radiological, endocrine
and pathological evaluation. BMJ Case Rep 2010; doi:10.1136/
bcr.05.2010.3005.

70. Slapa RZ, Kasperlik-Zaluska AA, Migda B, Otto M,
Jakubowski WS. Application of parametric ultrasound contrast
agent perfusion studies for differentiation of hyperplastic adrenal
nodules from adenomas — initial study. Eur J Radiol 2015; 84:
1432-1435.

71. Hsu S, Shu K, Lee WC, Cheng YT, Chiang PH. Adrenal my-
elolipoma: a 10-year single-center experience and literature re-
view. Kaohsiung ] Med Sci 2012; 28: 377-382.

72. Littrell LA, Carter JM, Broski SM, Wenger DE. Extra-adrenal
myelolipoma and extramedullary hematopoiesis: imaging fea-
tures of two similar benign fat-containing presacral masses that
may mimick liposarcoma. Eur ] Radiol 2017; 93: 185-194.

73. Anis-ul-islam M, Qureshi AH, Zaidi SZ. Adrenal myelolipo-
ma in a young male — a rare case scenerio. ] Pak Med Assoc
2016; 66(3): 342-344.

74. Hakim A, Rozeik C. Adrenal and extra-adrenal myelolipomas
- a comparative case report. Radiology Case 2014; 8(1): 1-12.

75. Rowe SP, Javadi MS, Solnes LB, Fishman EK. Appearance of
adrenal myelolipomas on 2-deoxy-2-(18F)fluoro-D-glucose pos-
itron emission tomography-computed tomography. World ] Nucl
Med 2017; 16(4): 271-274.

76. Gemmel F, Bruinsma H, Oomen P, Collins J. PET/CT inci-
dental detection of bilateral adrenal myelolipomas in a patient
with a huge maxillary sinus carcinoma. Clin Nucl Med 2010; 35:
132-133.

77. Babic B, Patel D, Aufforth R, Assadipour Y, Sadowski SM<
Quezado M, Nilubol N, Prodanov T, Pacak K, Kebebew E. Pediat-
ric patients with pheochromocytoma and paraganglioma should
have routine preoperative genetic testing for common suscepti-
bility genes and imaging to detect extra-adrenal and metastatic
tumors. Surgery 2017; 161(1): 220-227.

78. Vanderveen KA, THompson SM, Callstrom MR, Young Jr
WE Grant CS, Farley DR, Richards ML, Thompson GB. Biopsy
of pheochromocytomas and paragangliomas: potential for disas-
ter. Surgery 2009; 146(6): 1158-1166.

79. Casola G, Nicolet V, van Sonnenberg E, Withers C, Bretag-
nolle M, Saba RM, Bret PM. Unsuspected pheochromocytoma:
risk of blood-presure alterations during percutaneous adrenal
biopsy. Radiology 1986; 159(3): 733-735.

80. Blake MA, Kalra MK, Maher MM, Sahani DV, Sweeney AT,
Mueller PER, Hahn PF, Boland GW. Pheochromocytoma: an im-
aging chameleon. RadioGraphics 2004; 24:S87-S99.

81. Park BK, Kim CK, Kwon GY, Kim JH. Re-evaluation of phe-



RADIOLOGY UPDATE VOL. 3 (5) ISSN 2424-5755

ochromocytomas on delayed contrast-enhanced CT: washout
enhancement and other imaging features. Eur Radiol 2007; 17:
2804-2809.

82. Blake MA, Krishnamoorthy SK, Boland GW, Sweeney AT,
Pitman MB, Harisinghani M, Mueller PR, Hahn PF. Low-densi-
ty pheochromocytoma on CT: a mimicker of adrenal adenoma.
AJR 2003; 181: 1663-1668.

83. Patel ], Davenport MS, Cohan RH, Caoili EM. Can estab-
lished CT attenuation and washout criteria for adrenal adenoma
accurately exclude pheochromocytoma? AJR 2013;201: 122-127.

84. Kim DW, Yoon SK, Kim SH, Kang EJ, Kwon H]J. Assessment
of clinical and radiologic differences between small and large ad-
renal pheochromocytomas. Clin Imag 2017; 43: 153-157.

85. Zhang GMY, Shi B, Sun H, Jin ZY, Xue HD. Differentiating
pheochromocytoma from lipid- poor adrenocortical adenoma
by CT texture analysis: feasibility study. Abdom Radiol 2017; 42:
2305-2313.

86. Schieda N, Alrashed A, Flood TA, Samji K, Shabana W,
McInnes MDE. Comparison of quantitative MRI and CT wash-
out analysis for differentiation of adrenal pheochromocytoma
from adrenal adenoma. AJR 2016; 206: 1141-1148.

87. Huang KH, Chung SD, Chen SC, Chueh SC, Pu YS, Lai MK,
Lin WC. Clinical and pathological data of 10 malignant pheo-
chromocytomas: long-term follow up in a single institute. Int J
Urol 2007; 14: 181-185.

88. Lenders JWM, Duh QY, Eisenhofer G, Gimenez-Roqueplo
AP, Grebe SKG, Murad MH, Naruse M, Pacak K, Young Jr WE.
Pheochromocytoma and paraganglioma: an endocrine society
clinical practice guideline. J Clin Endocrinol Metab 2014; 99(6):
1915-1942.

89. Northcutt BG, Raman SP, Long C, Oshmyansky AR, Siegel-
man SS, FIshman EK, Johnson PT. MDCT of adrenal masses: can
dual-phase enhancement patterns be used to differentiate adeno-
ma and pheochromocytoma? AJR 2013; 201: 834-839.

90. Woo S, Suh CH, Kim SY, Cho JY, Kim SH. Pheochromocyto-
ma as a frequent false-positive in adrenal washout CT: a system-
atic review and meta-analysis. Eur Radiol 2018; 28: 1027-1036.

91. Timmers HJLM, Chen CC, Carrasquillo JA, Whatley M, Ling
A, Eisenhofer G, King KS,Rao JU, Wesley RA, Adams KT et al.
Staging and functional characterization of pheochromocytoma
and paraganglioma by 18F-fluorodeoxygucose (18F-FDG) posi-
tron emission tomography. J Natl Cancer Inst 2012; 104: 700-708.

92. Nakajo M, Nakajo M, Fukurura Y, Jinguji M, Shindo T, Nak-
abeppu Y, Kamimura K, Yoneyama T, Takumi K, Yoshiura T. Di-
agnostic performances of FDG-PET/CT and diffusion-weighted
imaging indices for differentiating benign pheochromocytoma
from other benign adrenal tumors. Abdom Imaging 2015; 40:
1655-1665.

93. Hida T, Nishie A, Asayama Y, Ishigami K, Ushijima Y, Takay-
ama Y, Fujita N, Shimamoto D, Yokomizo A, Tatsugami K et al.
Apparent diffusion coefficient characteristics of various adrenal
tumors. Magn Reson Med Sci 2014; 13(3): 183-189.

94. Umanodan T, Fukukura Y, Kamagae Y, Shindo T, Nakajo M,
Takumi K, Nakajo M, Hakamada H, Umanodan A, Yoshiura T.
ADC histogram analysis for adrenal tumor histogram analysis
of apparent diffusion coefficient in differentiating adrenal ade-
noma from pheochromocytoma. ] Magn Reson Imaging 2017;
45:1195-1203.

95. Chang CA, Pattison DA, Tothil RW, Kong G, Akhurst TJ,
Hicks RJ, Hofman MS. 68Ga-DOTATATE and 18F-FDG PET/
CT in paraganglioma and pheochromocytoma: utility, patterns
and heterogeneity. Cancer Imaging 2016; 16(1): 22. doi 10.1186/
540644-016-0084-2.

96. Timmers HJLM, Chen CC, Carrasquillo, Whatley M, Ling
A, Havekes B, Eisenhofer G, Martiniova L, Adams KT, Pacak K.
Comparison of 18F-fluoro-L-DOPA, 18F-fluoro-deoxyglucose,
and 18F-fluorodopamine PET and 123I-MIBG scintigraphy in
the localization of pheochromocytoma and paraganglioma. ]
Clin Endocrinol Metab 2009; 94(12): 4757-4767.

97. Tiwari A, Shah N, Sarathi V, Malhotra G, Bakshi G, Prakash
G, Khadilkar K, Pandit R, Lila A, Bandgar T. Genetic status deter-
mines 18F-FDG uptake in pheochromocytoma/paraganglioma. J
Med Imaging Radiat Oncol 2017; 61: 745-752.

98. Timmers HJLM, Chen CC, Carrasquillo JA, Whatley M, Ling
A, Eisenhofer G, King KS, Rao JU, Wesley RA, Adams KT et al.
Staging and functional characterization of pheochromocytoma
and paraganglioma by 18F-fluorodeoxyglucose (18F-FDG) posi-
tron emission tomography. ] Natl Cancer Inst 2012; 104: 700-708.

99. Fiebrich HB, Brouwers AH, Kerstens MN, Pijl ME], Kema
IP, de Jong JR, Jager PL, Elsinga PH, Dierckx RA, van der Wal
JE et al. 16-F-18.fluoro-L-dihydroxyphenylalanine positron
emission tomography is superior to conventional imaging with
123I-metaiodobenzylguanidine scintigraphy, computer tomog-
raphy, and magnetic resonance imaging in localizing tumors
causing catecholamine excess. ] Clin Endocrinol Metab 2009; 94:
3922-3930.

100. Taieb D, Jha A, Guerin C, Pang Y, Adams KT, Chen CC, Ro-
manet P, Roche P, Essamet W, Ling A et al. 18F-FDOPA PET/CT
imaging of MAX-related pheochromocytoma. J Clin Endocrinol
Metab 2018; 103(4): 1574-1582.

101. Feral CC, Tissot FS, Tosello L, Fakhry N, Sebag E, Pacak K,
Taieb D. 18F-fluorodihydroxyphenylalanine PET/CT in pheo-
chromocytoma and paraganglioma: relation to genotype and
amino acid transport system L. Eur J Nucl Med Mol Imaging
2017; 44: 812-821.

102. Amodru V, Guerin C, Delcourt S, ROmanet P, Loundou
A, Viana B, Bru T, Castinetti F, Sebag F, Pacak K, Taieb et al D.
Quantitative 18 F-DOPA PET/CT in pheochromocytoma: the
relationship between tumor secretion and its biochemical phe-
notype. Eur ] Nucl Med Mol Imaging 2018; 45: 278-282.

103. Wieneke JA, Thomspon LDR, Heffess CS. Adrenal cortical
neoplasms in the pediatric population. Am J Surg Pathol 2003;
27(7): 867-881.

104. Michalkiewicz E, Santrini R, Figueiredo B, Miranda ECM,
Caran E, Oliveria-Filho AG, Marques R, Pianovski MAD, Lacer-
da L, Cristofani LM et al. Clinical and outcome characteristics of
children with adrenocortical tumors: a report from the interna-
tional pediatric adrenocortical tumor registry. J Clin Oncol 2004;
22: 838-845.

105. Gupta N, Rivera M, Novotny P, Rodriguez V, Bancos I, Lteif
A. Adrenocortical carcinoma in children: a clinicopathological
analysis of 41 patients at the Mayo clinic from 1950 to 2017.
Horm Res Paediatr 2018; 90: 8-18.

106. Yadav P, Arora S, Srivastava D, Lal H. Adrenocortical carci-
noma with inferior vena cava tumour thrombus: multidetector
CT (MDCT) evaluation and management. BMJ Case Rep 2015;
doi:10.1136/bcr-2015- 213073.

107. Jiang M, Ding H, Li C, Xiang K, Tang J, Guo Y, Zhang S.
Surgical resection of adrenocortical carcinoma with invasion

into the inferior vena cava: a case report and literature review.
Clinical Case Reports 2017; 5(12): 1934-1937.

108. Hussain S, Belldegrun A, Seltzer SE , Richie JP, Gittes RF,
Abrams HL. Differentiation of malignant from benign adrenal
Masses: predictive indices on computed tomography. AJR 1985;
144: 61-65.

109. Petersenn S, Richter PA, Broemel T, Ritter CO, Deutschbein

25



JOURNAL AVAILABLE AT RADIOLOGYUPDATE.ORG

T, Bell FU, Allolio B, Fassnacht M. Computed tomography crite-
ria for discrimination of adrenal adenomas and adrenocortical
carcinomas: analysis of the German ACC registry. Eur ] Endo-
crinol 2015; 172(4): 415-422.

110. Fishman EK, Deutch BM, Hartman DS, Goldman SM, Zer-
houni EA, Siegelman SS. Primary adrenocortical carcinoma: CT
evaluation with clinical correlation. AJR 1987; 148: 531-535.

111. Zhang HM, Perrier ND, Grubbs EG, Sircar K, Ye ZX, Lee
JE, Ng CS. CT features and quantification of the characteristics
of adrenocortical carcinomas on unenhanced and contrast-en-
hanced studies. Clin Radiol 2012; 67(1): 38-46.

112. Slattery JMA, Blake MA, Kalra MK, Misdraji ], Sweeney AT,
Copeland PM, Mueller PER, Boland GW. Adrenocortical carci-
noma: contrast washout characteristics on CT. AJR 2006; 187:
W21-W24.

113. Chen L, Zeng X, Li S, Gong C, Peng E, Wu B, Zhang W,
Zhang Y. Evaluation of a large adrenal carcinoma with 3D re-
construction of computed tomography images: a case report and
literature review. ] X-Ray Sci Technol 2016; 24: 665-671.

114. Mitterberger MM, Pinggera GM, Peschel R, Bartsch G,
Pallwein L, Frauscher E. The use of three-dimensional comput-
ed tomography for assessing patients before laparoscopic adre-
nal-sparing surgery. BJU Int 2006; 98: 1068-1073.

115. Belmihoub I, Silvera S, Sibony M, Dousset B, Legmann P,
Bertagna X, Bertherat ], Assie G. From benign adrenal inciden-
taloma to adrenocortical carcinoma: an exceptional random
event. Eur ] Endocrinol 2017; 176: K15-K19.

116. Nogueira TM, Lirov R, Caoili EM, Lerario AM, Miller BS,
Fragoso MCBYV, DUnnick NR, Hammer GD, Else T. Radiograph-
ic characteristics of adrenal masses preceding the diagnosis of
adrenocortical cancer. Horm Canc 2015; 6: 176-181.

117. Cistaro A, Asabella AN, Coppolino P, Quartuccio N, Altini
C, Cucinotta M, Alongi P, Balma M, Sanfilippo S, Buschiazzo et
al. Diagnostic and prognostic value of 18F-FDG PET/CT in com-
parison with morphological imaging in primary adrenal gland
malignancies — a multicenter experience. Hell ] Nucl Med 2015;
18(2): 97-102.

118. Hennings J, Lindhe O, Bergstrom M, Langstrom B, Sundin
A, Hellman P. 11C.Metomidate positron emission tomography of
adrenocortical tumors in correlation with histopathological find-
ings. ] Clin Endocrinol Metab 2006; 91: 1410-1414.

119. Minn H, Salonen A, Friberg J, Roivainen A, Viljanen T,
Langsjo J, Salmi ], Valimaki M, Nagren K, Nuutila P. Imaging of
adrenal incid;entalomas with PET using 11C-metomidate and
18F-FDG. ] Nucl Med 2004; 45(6): 972-980.

120. Khan TS, Sundin A, Juhlin C, Langstrom B, Bergstrom M,
Eriksson B. 11C-metomidate PET imaging of adrenocortical
cancer. Eur ] Nucl Med 2003; 30: 403-410.

121. Ardito A, Massaglia C, Pelosi E, Zagiia B, Basile V, Bram-
bilia R, Vigna-Taglianti F, Duregon E, Arena V, Perotti P, Penna
D, Terzolo M. 18F-FDG PET/CT in thepost-operative monitor-
ing of patients with adrenocortical carcinoma. Eur ] Endocrinol
2015; 173(6): 749-756.

122. Takeuchi S, Balachandran A, Habra MA, Phan AT, Bassett Jr
RL, Macapinlac HA, Chuang HH. Impact of 18F-FDG PET/CT on
the management of adrenocortical carcinoma: analysis of 106 pa-
tients. Eur ] Nucl Med Mol Imaging 2014; 41: 2066-2073.

123. Park SY, Park BK, Kim CK. The value of adding 18F-FDG PET/
CT to adrenal protocol CT for characterizing adrenal metastasis (>
10 mm) in oncologic patients. AJR 2014; 202: W153-W160.

124. Yoo JY, McCoy KL, Carty SE, STang MT, Armstrong M]J,
Howell GM, Bartlett DL, Tublin ME, Yip L. Adrenal imaging fea-
tures predict malignancy better than tumor size. Ann Surg Oncol
2015; 22: S721-S727.

26

125. Lang BHH, Cowling BJ, Li JYY, Wong KP, Wan KY. High
false positivity in positron emission tomography is a potential
diagnostic pitfall in patients with suspected adrenal metastasis.
World J Surg 2015; 39: 1902-1908.

126. Kim JY, Kim SH, Lee HJ, Kim M]J, Kim YH, Cho SH, Won
KS. Utilisation of combined 18F-FDG PET/CT scan for differ-
ential diagnosis between benign and malignant adrenal enlarge-
ment. Br ] Radiol 2013; 86: 20130190.

127. Yasaka K, Gonoi W, Akai H, Kasura M, Akahane M, Kiryu
S, Ohtomo K. Differentiation of adrenal tumors in patients with
hepatocellular carcinoma: adrenal adenoma versus metastasis.
Eur J Radiol 2013; 82: 1213-1218.

128. Hijioka S, Sawaki A, Mizuno N, Hara K, Mekky MA, El-
Amin H, Sayed ZEA, Tajika M, Niwa Y, Tamao K. Contrast-en-
hanced endoscopic ultrasonography (CE-EUS) findings in adre-
nal metastasis from renal cell carcinoma. ] Med Ultrasonics 2011;
38: 89-92.

129. Sasaguri K, Takahashi N, Takeuchi M, Carter RE, Leibovich
BC, Kawashima A. Differentiation of benign from metastatic ad-
renal masses in patients with renl cell carcinoma on contrast-en-
hanced CT. AJR 2016; 207: 1031-1038.

130. Mouka V, Tsili AC, Messinis T, Papoudou-Bai A, Kamina S,
Argyropoulou MI. Solitary adrenal metastasis from early-stage
dedifferentiated endometrial carcinoma: CT findings and review
of the literature. Journal of Obstetrics and Gynaecology 2016;
36(7); 881-882.

131. Yun M, Kim W, Alnafisi N, Lacorte L, Jang S, Alavi A.
18F-FDG PET in characterizing adrenal lesions detected on CT
or MRI. ] Nucl Med 2001; 42: 1795-1800.

132. Refaat R, Elghazaly H. Employing 18F-FDG PET/CT for
distinguishing benign from metastatic adrenal masses. Egypt J
Radiol Nucl Med 2017; 48: 1065-1071.

133. Zhao H, Lin C, Jiao B, Sa R, Hou S, Xu S. Case report of 18F-
fluorodeoxyglucose positron emission tomography-computed to-
mography imaging of a patient with multiple endocrine gland me-
tastases from small cell lung cancer. Thorac Cancer 2018; 9: 167-170.
134. Cho AR, Lim I, Na II, Choe DH, Park JY, Kim BI, Cheon GJ,
Choi CW, Lim SM. Evaluation of adrenal masses in lung cancer
patients ssing F-18 FDG PET/CT. Nucl Med Mol Imaging 2011;
45: 52-58.

135. Kumar R, Xiu Y, Yu JQ, Takalkar A, El-Haddad G, Potenta
S, Kung J, Zhuang H, Alavi A. 18F-FDG PET in evaluation of
adrenal lesions in patients with lung cancer. ] Nucl Med 2004;
45: 2058-2062.

136. Xie J, Dai J, Zhou WL, Sun FK. Adrenal ganglioneuroma:
features and outcomes of 42 cases in a Chinese population.
World J Surg 2018; 42: 2469-2475.

137. Lee JH, Chai YJ, Kim TH, Choi JY, Lee KE, Kim HY, Yoon YS,
Kim HH. Clinicopathological features of ganglioneuroma origi-
nating from the adrenal glands. World J Surg 2016; 40: 2970-2975.

138. Tacobone M, Torresan F, Citton M, Schiavone D, Viel G,
Favia G. Adrenal ganglioneuroma: the Padua endocrine surgery
unit experience. Int J Surg 2017; 41: S103-S108.

139. Qing Y, Bin X, Jian W, Li G, Linhui W, Bing L, Huiging W,
Yinghao S. Adrenal ganglioneuromas: a 10-year experience in a
Chinese population. Surgery 2010; 147: 854-860.

140. Johnson GL, Hruban RH, Marshall FE, Fishman EK. Pri-
mary adrenal ganglioneuroma: CT findings in four patients. AJR
1997; 169: 169-171.

141. Otal P, Mezghani S, Hassissene S, Maleux G, Colombier D,
Rousseau H, Joffre E Imaging of retroperitoneal ganglioneuro-
ma. Eur Radiol 2001; 11: 940-945.

142. Shawa H, Elsayes KM, Morani A, Williams MD, Lee JE,



RADIOLOGY UPDATE VOL. 3 (5) ISSN 2424-5755

Waguespack SG, Busaidy NL, Vassilopoulou-Sellin R, Jimenez C
et al. Adrenal ganglioneuroma: features and outcomes of 27 cases
at a referral cancer centre. Clin Endocrinol 2014; 80: 342-347.

143. Sasaki S, Yasuda T, Kaneto H, Otsuki M, Tabuchi Y, Fujita
Y, Kubo F, Tsuji M, Fujisawa K, Kasami R et al. Large adrenal
ganglioneuroma. Intern Med 2012; 51: 2365-2370.

144. Kamoun M, Mnif MF, Rekik N, Belguith N, Charfi N, Mnif
L, Mouna Elleuch, Minf F Kamoun T, Mnif Z et al. Ganglioneu-
roma of adrenal gland in a patient with Turner syndrome. Ann
Diagn Pathol 2010; 14: 133-136.

145. Majbar AM, Elmouhadi S, Elaloui M, Raiss M, Sabbah F,
Hrora A, Ahallat M. Imaging features of adrenal ganglioneuro-
ma: a case report. BMC Res Notes 2014; 7: 791.

146. Adas M, Koc B, Adas G, Ozulker F, Aydin T. Ganglioneuro-
ma presenting as an adrenal incidentaloma: a case report. ] Med
Case Rep 2014; 8: 131.

147. Scherer A, Niehues T, Engelbrecht V, Modder U. Imaging di-
agnosis of retroperitoneal ganglioneuroma in childhood. Pediatr
Radiol 2001; 31: 106-110.

148. Zhang X, Li C, Xu C, Hao X, Yu X, Li Q. Correlation of CT
signs with lymphatic metastasis and pathology of neuroblastoma
in children. Oncol Lett 2018; 16: 2439-2443.

149. Decarolis B, Simon T, Krug B, Leuschner I, Vokuhl C,
Kaatsch P, con Schweinitz D, Klingebiel T, Mueller I, Schweigerer
L et al. Treatment and outcome of ganglioneuroma and gangli-
oneuroblastoma intermixed. BMC Cancer 2016; 16: 542.

150. He WG, Yan Y, Tang W, Cai R, Ren G. Clinical and bio-
logical features of neuroblastic tumors: a comparison of neuro-
blastoma and ganglioneuroblastoma. Oncotarget 2017; 8(23):
37730-37739.

151. Patterson AR, Barker CS, Loukota RA, Spencer J. Gangli-
oneuroma of the mandible resulting from metastasis of neuro-
blastoma. Int ] Oral Maxillofac Surg 2009; 38: 196-198.

152. Aslan M, Alis D, Kalyoncu AU, Habibi HA, Ozdemir GN,
Koc B, Adaletli I. Bilateral cystic adrenal neuroblastoma with
cystic liver metastasis. APSP ] Case Rep 2017; 8: 1.

153. Mehta SV, Lim-Dunham JE. Ultrasonographic appearance
of pediatric abdominal neuroblastoma with inferior vena cava
extension. ] Ultrasound Med 2003; 22: 1091-1095.

154. Cassady C, Winters WD. Bilateral cystic neuroblastoma: im-
aging features and differential diagnoses. Pediatr Radiol 1997; 27:
758-759.

155. Chen CP, Chen SH, Chuang CY, Lee HC, Hwu YM, Chang
PY, Chen ML, Chen BE Clinical and perinatal sonogrpahic fea-
tures of congenital adrenal cystic neuroblastoma: a case report
with review of the literature. Ultrasound Obstet Gynecol 1997;
10: 68-73.

156. White SJ, Stuck KJ, Blane CE, Silver TM. Sonography of
neuroblastoma. AJR 1963; 141: 465-468.

157. Boyd DT, Hayeri MR, Kadom N. Parotid metastasis from
adrenal neuroblastoma. Pediatr Radiol 2010; 40: S113-S115.

158. Werner H, Daltro P, Davaus T, Junior EA. Fetal neuroblas-
toma: ultrasonography and magnetic resonance imaging find-
ings in the prenatal and postnatal IV-S stage. Obstet Gynecol Sci
2016; 59(5): 407-410.

159. Cohen MD, Weetman R, Provisor A, McGuire W, McKenna
S, Smith JA, Carr B, Siddiqui A, Mirkin D, Seo I et al. Magnetic
resonance imaging of neuroblastoma with a 0.15-T magnet. AJR
1984; 143: 1241-1248.

160. Leung A, Shapiro B, Hattner R, Kim E, de Kraker J, Ghazzar
N, Hartmann O, Hoefnagel CA, Jamadar DA, Kloos R. Specificity

of radioiodinated MIBG for neural crest tumors in childhood. J
Nucl Med 1997; 38: 1352-1357.

161. Gelfand M]J, Elgazzar AH, Kriss VM, Masters PR, Golsch
GJ. Todine-123-MIBG SPECT versus planar imaging in children
with neural crest tumors. ] Nucl Med 1994; 35: 1753-1758.

162. Biasotti S, Garaventa A, Villavecchia GP, Cabria M, Nant-
ron M, De Bernardi B. False-negative metaiodobenzylguanidine
scintigraphy at diagnosis of neuroblastoma. Med Pediatr Oncol
2000; 35: 153-155.

163. Melzer HI, Coppenrath E, Schmid I, Albert MH, von
Schweinitz D, Tudball C, Bartenstein P, Pfluger T. 123I-MIBG
scintigraphy/SPECT versus in paediatric neuroblastoma. Eur ]
Nucl Med Mol Imaging 2011; 38: 1648-1658.

164. Kroiss AS, Uprimny C, Shulkin BL, Gruber L, Frech
A, Jazbec T, Girod PP, Url C, Thome C, Riechelmann H et al.
68Ga-DOTATOC PET/CT in the localization of metastatic ex-
tra-adrenal paraganglioma and pheochromocytoma compared
with 18F-DOPA PET/CT. Rev Esp Med Nucl Imagen Mol 2019;
doi: 10.1016/j.remn.2018.09.004.

165. Pfluger T, Schmied C, Porn U, Leinsinger G, Vollmar C,
Dresel S, Schmid I, Hahn K. Integrated imaging using MRI and
1231 metaiodobenzylguanidine scintigraphy to improve sensitiv-
ity and specificity in the diagnosis of pediatric neuroblastoma.
AJR 2003; 181: 1115-1124.

166. Zhuang B, Lv DK, Gao SJ, Meng J]. Differential diagnosis of
CT images in children with neuroblastomas and ganglioneuro-
blastomas. Asian Pac ] Cancer Prev 2014; 15(23): 10509-10512.

167. Gahr N, Darge K, Hahn G, Kreher BW, Von Buiren M, Uhl
M. Diftusion-weighted MRI for differentiation of neuroblastoma
and ganglioneuroblastoma/ganglioneuroma. Eur J Radiol 2011;
79: 443-446.

168. Paling MR, Williamson BRJ. Adrenal involvement in
non-Hodgkin lymphoma. AJR 1983; 141: 303-305.

169. Tanpitukpongse TP, Kamalian S, Punsoni M, Gupta M, Katz
DS. Radiology-pathology conference: primary adrenal lympho-
ma. J Clin Imaging 2012; 35: 156-159.

170. Ezer A, Parlakgumus A, Kocer NE, Colakoglu T, Nursal GN,

Yildirim S. Primary adrenal non-Hodgkin’s lymphoma. Turk ]
Gastroenterol 2011; 22(6): 643-647.

171. Singh D, Kumar L, Sharma A, Vijayaraghavan M, Thulkar S,
Tandon N. Adrenal involvement in non-Hodgkin’s lymphoma:
four cases and review of literature. Leukemia & Lymphoma 2009;
45(4): 789-794.

172. Pagliuca A, Gillett DS, Salisbury JR, Basu RN, Mufti GJ. Bi-
lateral adrenal lymphoma presenting as Addison’s disease. Post-
grad Med ] 1989; 65: 684-686.

173. Cunningham JJ. Ultrasonic findings in " primary" lympho-
ma of the adrenal area. ] Ultrasound Med 1983; 2: 467-469.
174.LiY, Sun H, Gao S, Bai R. Primary bilateral adrenal lympho-
ma: 2 case reports. ] Comput Assist Tomogr 2006; 30: 791-793.
175. Joseph FG, Cook S, Gowda D. Primary adrenal lymphoma
with initial presentation concerning for bilateral adrenal pheochro-
mocytomas. BMJ Case Rep 2017; doi:10.1136/bcr-2017- 220549.
176. Aravamudan VM, Fong PK, Sam YS, Singh P, Ng SB, Kumar
GSP. A rare case of primary bilateral adrenal lymphoma. Case
Rep Med 2017; 2017: 1251950.

177. Apter S, Avigdor A, Gayer G, Portnoy O, Zissin R, Hertz M.
Calcification in lymphoma occurring before therapy: CT features
and clinical correlation. AJR 2002; 178: 935-938.

178. Zhou L, Peng W, Wang C, Liu X, Shen Y, Zhou K. Primary
adrenal lymphoma: radiological; pathological, clinical correla-
tion. Eur J Radiol 2012; 81: 401-405.

179. Ekhzaimy A, Mujamammi A. Bilateral primary adre-
nal lymphoma with adrenal insufficiency. BM]J Case Rep 2016.
doi:10.1136/bcr-2016- 217417.

27



JOURNAL AVAILABLE AT RADIOLOGYUPDATE.ORG

180. Altaiar A, Aslan A, Gunduz N, Alimoglu O, Ayaz E. Uni-
lateral primary adrenal B-cell lymphoma clinically mimicking
chronic gastritis. Pol ] Radiol 2017; 82: 612-615.

181. Ram N, Rashid O, Farooq S, Ulhaq I, Islam N. Primary ad-
renal non-Hodgkin lymphoma: a case report and review of the
literature. ] Med Case Rep 2017; 11: 108.

182. Erdogan G, Gullu S, Colak T, Kamel AN, Baskal N, Ekinci C.
Non-Hodgkin’s presenting as thyroid and adrenal gland involve-
ment. Endocr ] 1997; 44(1): 199-203.

183. Zhou J, Zhao Y, Gou Z. High 18F-fluorodeoxyglucose up-
take in primary bilateral adrenal diffuse large B-cell lympho-
mas with nongerminal center B-cell phenotype. Medicine 2018;
97(17): e0480.

184. Nishiuchi T, Imachi H, Fujiwara M, Muaro K, Onishi H,
Kiguchi T, Takimoto H, Kushida Y, Haba R, Ishida T. A case
of non-Hodgkin’s lymphoma primary arising in both adrenal
glands associated with adrenal failure. Endocr 2009; 35: 34-37.
185. Martinez-Esteve A, Garcia-Gomez FJ, Madrigal-Toscano
MD, Borrego-Dorado 1. Primary bilateral diffuse large B-cell
lymphoma of the adrenals. Br ] Haematol 2015; 170(1): 3.

186. Forbes TL. Retroperitoneal hemorrhage secondary to a rup-
tured cavernous hemangioma. ] Can Chir 2005; 48(1): 78.

187. Oh BR, Jeong YY, Ryu SB, Park YI, Kang HK. A case of adre-
nal cavernous hemangioma. Int ] Urol 1997; 4: 608-610.

188. Marotti M, Sucic Z, Krolo I, Dimanovski ], Klaric R, Ferencic
Z, Karapanda N, Babic N, Pavlekovic K. Adrenal cavernous heman-
gioma: MRI, CT, and US appearance. Eur Radiol 1997; 7: 691-694.
189. Xu HX, Liu GJ. Huge cavernous hemangioma of the adrenal
gland. ] Ultrasound Med 2003; 22: 523-526.

190. Feo CV, De Troia A, Pedriali M, Sala S, Zatelli MC, Carco-
foro P, Feo CE Adrenal cavernous hemangioma: a case report.
BMC Surg 2018; 18(1): 103.

191. Zemni I, Haddad S, Hlali A, Manai MH, Essoussi. Adrenal
gland hemangioma: a rare case of the incidentaloma: case report.
Int ] Surg Case Rep 2017; 41: 417-422.

192. Agrusa A, Romano G, Salamone G, Orlando E, Di Buono
G, Chianetta D, Sorce V, Gulotta L, Galia M, Gulotta G. Large
cavernous hemangioma of the adrenal gland: laparoscopic treat-
ment. Report of a case. Int ] Surg Case Rep 2015; 16: 150-153.
193. Arkadopoulos N, Kyriazi M, Yiallourou Al Stafyla VK, The-
odosopoulos T, Dafnios N, Smyrniotis V, Kondi-Pafiti A. A rare
coexistence of adrenal cavernous hemangioma with extramedul-
lar hemopoietic tissue: a case report and brief review of the liter-
ature. World J Surg Oncol 2009; 7: 13.

194. Thiele JW, Bodie B. Adrenal hemangioma. Surgery 2001;
129: 373-374.

195. Telem TA, Nguyen SQ, Chin EH, Weber K, Divino CM.
Laparoscopic resection of giant adrenal cavernous hemangioma.
JSLS 2009; 13: 260-262.

196. Heis HA, Bani-Hani KE, Bani-Hani BK. Adrenal cavernous
haemangioma. Singapore Med ] 2008; 49(9): €236-e237.

197. Quildrian SD, Sllberman EA, Vigovich FA, Porto EA. Giant
cavernous hemangioma of the adrenal gland. Int ] Surg Case Rep
2013; 4: 219-221.

198. Matsuda D, Iwamura M, Baba S. Cavernous hemangioma of
the adrenal gland. Int J Urol 2009; 16: 424.

199. Ellis CL, Banerjee P, Carney E, Sharma R, Netto GJ. Adre-
nal lymphangioma: clinicopathologic and immunohistochemical
characteristics of a rare lesion. Hum Pathol 2011; 42: 1013-1018.

200. Lin TP, Chen M, Chen CK, Hsu JM, Lin WR. Adrenal cystic
lymphangioma: a case report and review of the literature. Urol
Sci2014;25: 112-114.

28

201. Liu B, Li Y, Wang S. Adrenal lymphangioma removed by
a retroperitoneoscopic procedure. Oncol Lett 2013; 5: 539-540.

202. Secil M, Demir O, Yorukoglu K. MRI of adrenal lymphangi-
oma: a case report. Quant Imaging Med Surg 2013; 3(6): 347-348.

203. Bibi M, Sellami A, Taktak T, Chelly B, Ghorbel Z, Zouari H,
Boukriba S, Boussafa H, Chehida MAB, Rhouma SB et al. Giant
cystic lymphangioma of adrenal gland: a case report and review
of the literature. Urol Case Reports 2019; 22: 6-7.

204. Rowe SP, Bishop JA, Prescott JD, Salvatori R, Fishman
EK. CT appearance of adrenal cystic lymphangioma: radiolog-
ic-pathologic correlation. AJR 2016; 206: 81-85.

205. Zhao M, Gu Q, Li C, Yu ], Qi H. Cystic lymphangioma of
adrenal gland: a clinicopathological study of 3 cases and review
of literature. Int ] Exp Pathol 2014; 7(8): 5051-5056.

206. Zembheri E, Yildirim A, Ozkanli S, Zenginkinet T, Caskurlu
T. Cystic lymphangioma of the adrenal gland: case report. World
J Nephrol Urol 2013; 2(2): 82-84.

207. Jung HI, Ahn T, Son MW, Kim Z, Bae SH, Lee MS, Kim CH,
Cho HD. Adrenal lymphangioma masquerading as a pancreatic
tail cyst. World J Gastroenterol 2014; 20(36): 13195-13199.

208. Cakir E, Aydin E, Samdanci E, Ates M, Elmali C, Sayin S,
Erdem G. Cystic adrenal lymphangioma — report of two cases and
review of the literature. ] Park Med Assoc 2012; 62(9): 962-964.

209. Jakowski JD, Wakely Jr PE, Jimenez RE. An uncommon type
of adrenal incidentaloma: a case report of a schwannoma of the
adrenal medulla with cytological, histological, and ultrastructur-
al correlation. Ann Diagn Pathol 2008; 12: 356-361.

210. Hsiao HL, Lin HC, Yeh HC, Huang CH, Wu WJ. Adrenal
schwannoma treated with laparoscopic adrenalectomy: a case re-
port. Kaohsiung ] Med Sci 2008; 24: 553-557.

211. Suzuki K, Nakanishi A, Kurosaki Y, Nogaki ], Takaba E. Adrenal
schwannoma: CT and MRI findings. Radiat Med 2007; 25: 299-302.
212. Xiao C, Xu B, Ye H, Yang Q, Wang L, Sun YH. Experience
with adrenal schwannoma in a Chinese population of six pa-
tients. ] Endocrinol Invet 2011; 34: 417-421.

213. Tarcoveanu E, Dimofte G, Bradea C, Moldovanu R, Vasilescu A,
Anton R, Ferariu D. Adrenal schwannoma. SJLS 2009; 13: 116-119.
214. Zhang YM, Lei PE Chen MN, Lv XE Ling YH, Cai PQ, Gao
JM. CT findings of adrenal schwannoma. Clin Radiol 2016; 71:
464-470.

215. Liu QY, Gao M, Li HG, Lin XF, Huang SQ, Liang BL. Jux-
ta-adrenal schwannoma: dynamic multi-slice CT and MRI find-
ings. Eur J Radiol 2012; 81: 794-799.

216. Hou ], Zhang L, Guo Y, Chen H, Wang W. Primary adrenal
schwannoma with catecholamine hypersecretion. Arch Med Sci
2016; 12(3): 681-683.

217. Tang W, Yu XR, Zhou LP, Gao HB, Wang QF, Peng WJ. Ad-
renal schwannoma: Ct, MR manfestations and pathological cor-
relation. Clin Hemorheol Microcirc 2018; 68(4): 401-412.

218. Yang CY, Chou CW, Lin MB, Li CE Schwannomas of the
left adrenal gland and posterior mediastinum. ] Chin Med Assoc
2009; 72(2): 83-87.

219. Onoda N, Ishikawa T, Toyokawa T, Takashima T, Wakasa
K, Hirakawa K. Adrenal schwannoma treated with laparoscopic
surgery. JSLS 2008; 12: 420-425.

220. Kim SH, Choi BI, Han MC, Kim YI. Retroperitoneal neuril-
emoma: CT and MR findings. AJR 1992; 159: 1023-1026.

221. Korets R, Berkenblit R, Ghavamian R. Incidentally discov-
ered adrenal schwannoma. JSLS 2007; 11: 113-115.

222. Adas M, Ozulker F, Adas G, Koc B, Ozulker T, Sahin IM.
A rare adrenal incidentaloma: adrenal schwannoma. Case Rep
Gastroenterol 2013; 7: 420-427.



RADIOLOGY UPDATE VOL. 3 (5) ISSN 2424-5755

Improving patient CT scanning protocols in the
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ABSTRACT

Background: Traumatic injuries are the fourth most common cause of death in all age/race/sex groups. Computed to-
mography (CT) is considered to be the current gold standard when providing a quick and accurate diagnosis of multiple
injuries. However, a consensus regarding the study of chest - abdomen - pelvis (C-A-P) in polytrauma patients (PP) has
not been reached.

Aim: To present an attempt at reducing the dose of ionizing radiation from CT in an emergency setting.

Materials and methods: We reviewed the hospital’s medical records for PP who had undergone CT scans between 2011
and 2016. We evaluated CT phase sensitivity and contribution to the radiation dose and the associated oncogenic risk,
as well as the workload of a radiologist.

Results: The most common traumatic findings were blood and/or hematoma within the abdominal cavity, lung contu-
sion, pneumothorax, parenchymal organ injury, and rib fractures. The non-enhanced phase did not supply any addi-
tional information and was inferior to contrast-enhanced phases when diagnosing parenchymal organ injury and active
hemorrhaging, meanwhile, it contributed to 19.7% of the workload and 29.5% of the radiation. The mean effective
doses (ED) of C-A-P CT and whole body CT (WBCT) were 61.2 (+ 27.7) mSv and 109.4 (+ 30.5) mSv accordingly. PP’
received WBCT related mean ED was associated with cancer morbidity risk of 0.5% or 1/167.

Conclusion: Non-enhanced CT scans in PP contribute to wasted resources, increased radiation doses and higher future

cancer risk, and supply no additional data when diagnosing traumatic findings.

Keywords: multiple trauma, radiation dosage, diagnostic imaging

1. INTRODUCTION

Traumatic injuries are the fourth most common
cause of death in all age/race/sex groups, and
the leading cause of death in children and young
adults below 45 years of age (1). Although there
are many defining parameters of polytrauma, the
medical community generally describes it as in-
juries to multiple organs or regions of the body
(2). The trauma to various systems compromises
organs and systems that were not damaged dur-
ing the initial trauma. Thus polytrauma patients
(PP) are expected to be at a higher risk of mor-
tality than the summation of expected mortality
owing to each injury (3). A fast and accurate di-
agnosis is essential, but the diagnostic value of
clinical evaluation is limited. Computed tomog-
raphy (CT) imaging is widely utilized to establish
medical diagnoses and perform image-guided
interventions (4). Due to the advancements dur-

ing the past decade, CT has become a sensitive
and precise tool when diagnosing injuries fol-
lowing polytrauma (5). CT has also proven to be
fast and thus is considered to be the current gold
standard when providing a diagnosis of multiple
injuries (6). However, there is still room for im-
provement.

An adequate sensitivity for injury detection and
cost-effectiveness without any unjustified radi-
ation has been the primary focus of numerous
attempts to develop optimized trauma imaging
guidelines, such as the referral guidelines for im-
aging of the European Commission or the Amer-
ican College of Radiology appropriateness crite-
ria (7,8). In the Lithuanian University of Health
Sciences Hospital of Kaunas Clinics, Emergency
Clinic patient’s examination is based on stand-
ardized and widely accepted Advanced Trauma
Life Support (ATLS). Exams of conventional ra-
diology, for example, chest or pelvis X-ray, Fo-
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cused Assessment with Sonography in Trauma
(FAST) are have indication defined rather clearly
by the aforementioned guidelines, while when it
comes to CT, the decision of execution and the
region of body to examine is left to the leader of
the trauma team (9). While multiple CT scan-
ning protocols for PP have been suggested by the
medical community, a consensus regarding the
study of the thorax, abdomen, and pelvis has not
been reached (10-13). Specific authors consid-
er the non-enhanced CT scans to be necessary
when detecting the hyperdensity that suggests
the presence of blood (14). The aforementioned
scans help to identify small mesenteric, hepatic,
splenic, renal hematomas, and the presence of
the hemoperitoneum (14). More recently, con-
cern has been raised regarding the risk of car-
cinogenesis from medical radiation, with a focus
on CT (15,16).

With CT scan implementation in emergency
medicine as a necessary diagnostic tool, de-
creased exposure to radiation has become the
primary focus of protocol optimization. The lit-
erature describes that the average effective dose
(ED) of a single-phase CT study is 22-32 mSy,
and one single-body CT scan with a risk of death
from ionizing radiation-induced cancer is ap-
proximately 0.08% (15,17).

Multiple studies have assessed the evaluation,
frequency of injuries, and effectiveness of PP
treatment in Lithuanian hospitals, however, to
our knowledge, none had evaluated the imag-
ing protocols or the radiation doses and corre-
lating risks to the relatively young PP popula-
tion. (18-23)

With these concerns in mind, this paper presents
an attempt at reducing the dose of ionizing radi-
ation from CT in an emergency setting.

2. METHODS AND MATERIALS

2.1. Study design and setting

In this retrospective study, medical health re-
cords and CT scan images of patients admitted to
The Hospital of Lithuanian University of Health
Sciences Kaunas clinic between 2011 and 2016
were analyzed. Kaunas Regional Biomedical Re-
search Ethics Committee (KRBREC) approved
the study protocol and waived informed consent.

30

2.2. PATIENT SELECTION CRITERIA AND

DATA ACQUISITION
We reviewed the hospital’s medical records for
patients who had undergone chest - abdomen -
pelvis (C-A-P) CT scans for suspected polytrau-
ma between 2011 and 2016. The initial study
population (n = 103) data were acquired by ana-
lyzing medical health records for demographic
information, trauma mechanism and severity
details, and CT scan images stored in Cedara-I-
Reach (TM).
For the evaluation of CT scan phase significance,
we selected patients (n = 62) who had undergone
C-A-P three sequential CT scans. Pathologic CT
scan findings were separated into dichotomous
groups (present/not present) and evaluated in
each phase. For this study, we documented the
following chest CT scan findings: pneumotho-
raX, haemothorax, pneumomediastinum, hae-
mopericardium, mediastinal hematoma, lung
contusion and laceration, active hemorrhaging
into the parenchyma, pleural cavity or medi-
astinum, injury of the major vessels, traumat-
ic diaphragm or oesophageal injury and bone
fractures. Assessed abdominal organ CT scan
findings were: fluid, hematoma, the air in the ab-
dominal cavity, parenchymal organ injury with/
without active hemorrhaging, and bone frac-
tures. Results in non-enhanced/arterial/venous
phases were compared.
To assess the radiation doses (n = 94) of C-A-P
CT scans and separate phases, we used fixed
technical parameters. ED was calculated using
standardized dose-length product (DLP) pa-
rameters and conversion coefficient k (k = 0.015
mSv/mGy x cm): ED (mSv)=DLP (mGy x cm)
x k (mSv/mGy x cm) Additionally, we estimat-
ed the future risk for cancer among patients that
had undergone whole-body CT scans (n = 49).
To measure the workload of a radiologist, the CT
scan image count for all phases was documented
and compared between different phases.
Patients with insufficient medical record data,
poor quality or incomplete CT scans were ex-
cluded from the study.

2.3. SCANNING PARAMETERS
In each case, CT scans were performed using one
of the scanners: either GE VCT 64 or GE VCT



RADIOLOGY UPDATE VOL. 3 (5) ISSN 2424-5755

16 slice CT. Images were acquired by using PP
scanning protocols: at a slice thickness of 5 mm;
pitch 0.969:1; 120 kV, 100 - 665 mA, rotation
speed 0.5 s, using an intravenous contrast agent,
which was injected at the speed of 2.5 ml/s. All
CT scan images were reviewed using the Picture
Archiving and Communication System (PACS).

2.4. STATISTICAL ANALYSIS

We analyzed all data using IBM SPSS Statistics v.
23.0 and Microsoft Office Excel 2016. Normal-
ly distributed data were expressed as the mean
value (+ standard deviation) and non-normally
distributed data as the median (minimum-maxi-
mum values). We used related-samples non-par-
ametric Qochrans Q and McNemar tests to
evaluate the significance of differences between
different phase findings and group homogenei-
ty using 2, one-way ANOVA and Kruskal-Wallis
tests. Values of P less than 0.05 were considered
significant.

3. RESULTS

The study population consisted of 82 (79%) male
and 21 (21%) female participants with the mean
age of 39.8 (+ 15.8). (Table 1) 92.6% of traumas
were blunt, and merely 7.4% were penetrating.
The most common reasons for polytrauma in the
study population were vehicle accidents (31.2%),
and falling from a height of more than 3 meters
(24.7%). Falling from a height of more or less
than 3 meters and motorcycle accidents were
responsible for accordingly 8.6% and 10.8% of
traumas within the study sample. 63,5% (n = 54)
patients were haemodynamically stable; how-
ever, 36,5% (n = 31) emergency CT scans were
performed on patients with unstable haemody-
namics.

The most prevalent traumatic findings in the
CT scans were blood and/or hematoma within
the abdominal cavity (11.8%), lung contusion

(11.2%), pneumothorax (9.5%), parenchymal
organ injury (hepatic - 5.9%; splenic - 4%, renal
and adrenal - 3% each) and rib fractures (9.5%).
(Table 2)

Within the sample of PP that had undergone
C-A-P three sequential CT scans (n = 62) sta-
tistically, significant inferiority was noted when
diagnosing parenchymal organ injury with and
without active hemorrhaging in non-enhanced
CT scans compared to arterial or venous phases
(P < 0.05). Otherwise, no statistically significant
differences were noted. (Table 3) The non-en-
hanced phase did not supply any additional infor-
mation, however, it was useful when diagnosing
blood or air in the pleural cavity, pneumome-
diastinum, lung lacerations and/or contusions,
gastrointestinal trauma. Active hemorrhaging
was detected only in contrast-enhanced CT
scans. The venous phase was superior, but not
statistically significant when diagnosing blood in
the peritoneum and parenchymal organ injury.
We calculated the number of images analyzed
and concluded that by eliminating the arterial
phase from PP scanning protocols we would de-
crease the amount of images by 32.6%, non-en-
hanced - by 19.7%, both - by 52.3%. Also, several
patients’ scanning protocols included the late
venous phase, which attributed to an additional
197.0 (£ 58) images. (Table 4)

The mean of the determined ED of radiation
for patients that had undergone C-A-P CT scan
was 61.2 (£ 27.7) mSv, and 28.2% of the report-
ed dose could be attributed to the radiation ex-
posure during the arterial phase, 29.5% - to the
non-enhanced scan and 32.9% to the venous
phase. By forgoing the non-enhanced phase, the
mean ED value of C-A-P CT scan becomes sta-
tistically significantly lower (P < 0.001). Patients,
exposed to 109.4 (+ 30.5) mSv (mean ED value
of the whole body CT scan) had the cancer mor-
bidity risk of 0.5% or 1/167.

Table 1. Demographic and injury severity data of the study population.

Count (n = 103)
Male

Female (ISS)

Injury severity score

Glasgow coma scale | Hospitalisation
(GCS) (days)

length

82 (79%) |21 (21%) 30.17 (% 15.05)

12.72 (+ 3.8) 19.10 (+ 21.92)
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Table 2. Trauma related CT scan finding frequency.

Traumatic findings Number of cases Percentage
Blood the abdominal cavity 56 11.8
Lung contusion 53 11.2
Pneumothorax 45 9.5
Rib fractures 45 9.5
Spinal column fractures 37 7.8
Haemothorax 35 7.4
Liver injury 28 5.9
Pelvic bone fractures 27 5.7
Spleen injury 19 4.0
Renal injury 14 3.0
Suprarenal gland injury 14 3.0
Lung laceration 14 3.0
Active haemorrhaging in the abdominal cavity 12 2.5
Pneumomediastinum 8 1.7
Haematoma of the mediastinum 5 1.1
Gastrointestinal organ injury 4 0.8
Pancreatic injury 2 04
Heart/pericardium injury 2 0.4
Injury of the major vessels in the thorax 2 0.4
Air in the abdominal cavity 1 0.2

Table 3. Non-parametric test results representing the statistical significance of non-enhanced/arte-
rial/venous phase sensitivity differences when detecting trauma related CT scan findings.

Statistically significant differences

Statistically insignificant differences

Parenchymal organ injury without active haemorrhaging:
Arterial and venous phases are superior to non-enhanced

(McNemar test P = 0.001 and P < 0.001 accordingly)

Pleural effusion, (P = 1.000)
Pneumothorax and/or pneumomediastinum (P = 1.000),
Lung laceration and/ or contusion (P = 1.000),

Parenchymal organ injury with active haemorrhaging:
Arterial and venous phases are superior to non-enhanced
(McNemar test P = 0.004 in each case)

Gastrointestinal injury (P = 1.000);

Active haemorrhaging into pleural cavity or mediastinum
(P =0.368);

Fluid in the abdominal cavity (P = 0.135);

Injury of the major abdominal vessels (P = 0.368)

Table 4. The contribution of each CT phase to the image count.

Chest - abdomen - pelvis CT scan image count Minimum Maximum Mean (CI 95%)
In total 323 1151 631.88 £ 160.4
Non-enhanced 54 247 120.5 +27.5
Arterial phase 86 417 202.09 £51.7
Venous phase 107 498 239.37 £63.9
Late venous phase 82 417 197.0 £ 58
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4. DISCUSSION

In this study we observed that non-contrast-en-
hanced CT scan images are unnecessary when
evaluating PP, seeing as they do not supply any
additional information. Therefore, preceding
the native phase improves the PP CT scanning
protocols.

The most common CT scan findings observed in
this study were blood and/or hematoma within
the abdominal cavity (11.8%), lung contusion
(11.2%), pneumothorax (9.5%), parenchymal
organ injury (hepatic - 5.9%; splenic - 4%, renal
and adrenal - 3% each) and rib fractures (9.5%).
These findings are in correlation with the other
studies. Parenchymal organ (especially spleen
and liver) injury is observed most frequent-
ly (6). Lung parenchymal lesions, pleural effu-
sions or pneumothorax, and rib fractures are the
most common findings following chest trauma
(24-26). Meanwhile, blunt injury to the blood
vessels is not common (27). Quick detection of
the aforementioned pathological findings en-
sures prompt diagnosis and treatment, which
in turn decreases mortality and the waste of the
resources.

However, with the widespread use of CT, ioniz-
ing radiation is becoming a significant concern,
prompting research into dose reduction meth-
ods. The findings of this study indicate that one
of the improvement possibilities is the elimina-
tion of non-enhanced CT scan images. We have
observed that precontrast images provide no ad-
ditional information in the setting of common
polytrauma related findings, and are inferior to
contrast-enhanced images. This is in accord with
other studies that support the claim that precon-
trast CT scan image acquisition is superfluous
and injury diagnosis in PP is not improved by
the use of precontrast scans. Furthermore, both
studies agree that unjustified CT scans contrib-
ute to an increased radiation dose (28,29). This
consecutively suggests that the elimination of
non-enhanced images from emergency trauma
CT scanning protocols is justified by the reduc-
tion of radiation exposure without the loss of di-
agnostic accuracy.

Undoubtedly, multiple other optimization possi-
bilities have been researched. A single acquisition

WBCT scan in the setting of polytrauma could
cut down both time and resource consumption
in addition to reducing ED without the impair-
ment of diagnostic quality (13,30-32). Mean-
while, a revised triphasic injection single-pass
WBCT scan protocol was superior to conven-
tional PP scanning protocols using 64-multide-
tector CT (MDCT) (33). A split bolus technique
suggested by Leung et al. offered a comparable
quality with reduced radiation dose (34). Cer-
tain studies noted the necessity of dual-phase CT
scans when detecting vascular lesions following
trauma (35,36).

Meanwhile, Blaz et al. argued that the arteri-
al phase is necessary only for the thorax scans,
seeing as clinically significant hemorrhaging of
the abdominal arteries would be visible in the
venous phase (37). In our study, we found a
non-significant superiority of the venous phase
when diagnosing blood in the peritoneum and
parenchymal organ injury. All in all, numerous
CT scanning protocol improvement possibilities
today make the unjustifiable radiation dose and
thus carcinogenic risk to be even more illogical,
entailing an obligation to reach a consensus.
Although the radiation dose received by PP
varies greatly, we found the CT related dose to
range from 55.81 to 183.96 mSv with the mean
value being 109.4 (+ 30.5) mSv. These numbers
are alarming, seeing as current data support, al-
beit inconclusively, the notion that doses from
5 mSv significantly increase the oncogenic risk
(38-41), while radiation doses above 100 mSv
are acknowledged by the medical community to
attribute to additional cancer instances (42). CT
scans deliver concerning amounts of radiation
and may contribute to 29 000 new cancers each
year, along with 14 500 deaths (43). To avoid un-
necessary risks, exposure to radiation must be As
Low As Reasonably Achievable (ALARA) (44).
Bearing in mind that patients undergo addition-
al follow-up CT scans, many PP exceeds the 100
mSv and consequently are at a higher risk of de-
veloping cancer.

Another important observation of this study
was that women and children make up 21% of
our study population and the mean age was 39.8
(+ 15.8). Multiple factors determine the cancer
development risk following radiation exposure:
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genetics, age during exposure, sex of the subject,
radiation exposure rates, etc. (38). This is impor-
tant to take into consideration when preparing
diagnostic protocols for PP, seeing as the major-
ity of traumatic injuries occur to people young-
er than 45 years of age, including females and
children, who are at a higher risk of developing
oncologic diseases (1,38). According to our find-
ings, the majority of the relatively young PP pop-
ulation is at a higher risk of developing oncologic
diseases.

Furthermore, we found that the mean amount of
CT scan images that a radiologist had to evalu-
ate was 631.88 (+ 160.4), with the highest count
reaching 1151 images per case. A high count
of images requiring evaluation increases the
probability of missed injuries and prolongs the
time to treatment (45,46). The required time for
trauma-related imaging differs depending on
scanning protocols. However, WBCT requires
approximately 12 min, while non-WBCT re-
quires 75 min on average to scan (47). Taking
this time into consideration and factoring in the
time to evaluate all the images, time to diagno-
sis is prolonged. In turn, transfers and/or injury
management may be delayed, which negatively
affects survival (48-50). Moreover, the addition-
al workload wastes resources increases mortality
and morbidity not only due to delayed treatment
but also due to misdiagnosis originating from
overworked radiologists (46). Therefore, optimi-
zation is beneficial both to the patient and the
medical community.

It is important to note that this study had some
limitations. First of all, the study population was
rather small, due to the fact only PP who had
undergone three phase C-A-P CT scans were in-
cluded. This could attribute to decreased reliabil-
ity of our findings, seeing as other PP may have
been excluded. Nonetheless, our results were in
agreement with the other studies (28,29). Sec-
ondly, the ED calculation was based on a stand-
ardized formula that does not take into account
the weight, height and other variable parameters
of the subject. This method of ED estimation,
however, is utilized by other studies (28,29,51).
Finally, the evaluation of CT scan findings as ei-
ther present or not could have had an impact on
our conclusions, seeing as the severity of an in-
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jury is also an essential factor when visualization
sensitivity and specificity are being evaluated.

In conclusion, non-enhanced C-A-P CT scans
in PP contribute to wasted resources, increased
radiation doses and oncogenic risks, and sup-
ply no additional information when diagnosing
traumatic findings. Therefore, optimization of
PP scanning protocols by non-enhanced phase
exclusion is justified and beneficial.
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ABSTRACT

Secondary headaches comprise approximately 10% of all headache cases. They often have a serious underlying condi-
tion that needs prompt and thorough examination, which almost always includes neuroimaging. Each imaging modal-
ity serves a different purpose, and various diagnostic methods can be utilized in the diagnostics of headaches attributed
to cranial and cerebral vascular disorders which vary in both etiology and manifestation. This literature review aims to
summarise and present the role of neuroimaging in the evaluation of patients with the conditions above.

Keywords: neuroimaging; headache disorders, secondary; radiology

INTRODUCTION

Headache is a recurrent or persistent pain of the
head (1). It has a lifelong prevalence of 66-96%
and the current prevalence of 46% (1, 2) and is a
common presenting complaint in the emergen-
cy department, responsible for approximately
2% of all visits (3). Headaches are divided into
primary (with no underlying cause) and second-
ary (caused by another condition) (4). Primary
headaches are more common - they comprise
90% of all cases (5). Although rare, secondary
headaches are often life-threatening and require
immediate action (6). However, diagnosis more
often than not requires imaging evaluation of
the head. This article aims to present different
aspects of secondary headaches attributed to
cranial or cervical vascular disorders with a par-
ticular focus on neuroimaging of the underlying
condition.

REVIEW OF LITERATURE

Headache attributed to a cerebral ischemic event
Ischemic stroke is an episode of neurological
dysfunction which lasts more than 24 hours and
is caused by focal cerebral, spinal or retinal in-
farction (7). It is a common neurological disor-
der with an incidence ranging from 95 to 290 per
100 000 inhabitants in Europe (8). Observational
studies indicate that 8%-64% of patients report a

headache at the onset of an acute ischemic stroke
(9). Generally, the stroke associated headache is
not severe but continuous and manifests as bilat-
eral tension-type head pain. (10). Basilar strokes
are associated with headaches more often than
carotid strokes while lacunar strokes are gener-
ally not accompanied by headaches at all (9). A
small number of migraine patients infrequently
suffer from migrainous strokes with an incidence
of 0,8 per 100 000 inhabitants (11).

Headache at stroke onset is predictive of a head-
ache development at six months post-stroke (12).
Persistent headaches attributed to past ischemic
events have been estimated to occur in 10% of
post-stroke patients. A post-stroke headache is
predominantly characterized as a tension-type
headache with a pressing quality (13).

In the setting of an acute stroke, neuroimaging is
performed to exclude possible hemorrhages, to
assess the degree of brain injury, and to identify
the vascular lesion responsible for the ischemic
deficit (14).

Non-contrast computed tomography (CT) scans
are the first modality of choice in case of acute
ischemic stroke because of their wide availabil-
ity and rapidity of imaging (15). Non-contrast
CT scans are useful in detecting large ischemic
strokes after 6 to 8 hours from onset. Non-con-
trast CT has an overall sensitivity of 57-71% to
detect an acute ischemic stroke in the first 24
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hours but only 12% in the first 3 hours (16, 17).
Early non-contrast CT findings include hypoat-
tenuation in the territory of the middle cerebral
artery, hypodensity of the lentiform nucleus,
cortical sulcal effacement, focal parenchymal
hypoattenuation, loss of the insular ribbon or
obscuration of the Sylvian fissure, hyperattenua-
tion of large vessels, loss of gray and white matter
differentiation in the basal ganglia (14).

Alberta Stroke Program Early CT Score (AS-
PECTS) method assists in evaluating early is-
chemic changes in CT scans. ASPECTS is a
scoring system of 10 points and can be applied
only to the territory of the middle cerebral ar-
tery (18, 19).

CT angiography (CTA) provides the means to
rapidly and noninvasively evaluate the intrac-
ranial and extracranial vasculature in stroke pa-
tients, thus providing valuable information about
the presence of vessel occlusion or stenosis (20).
CTA has a sensitivity of 92-100% and specificity
of 82-100% for the detection of intracranial large
vessel occlusion and stenosis (21). A noninvasive
intracranial vascular study is a must before end-
ovascular therapy (15, 20).

Magnetic Resonance Imaging (MRI) is superior
to CT in detecting hyperacute stroke (14). Flu-
id attenuation inversion recovery (FLAIR) and
T2 weighted (T2W) sequences become positive
within the first 3 to 8 hours after an acute arterial
occlusion. The MRI signs of acute ischemic stroke
include increased brain signal intensity, swollen
cortical gyri, and increased signal intensity in
the lumen of vessels (16). Diffusion-weighted
imaging (DWI) is a form of MRI that is capa-
ble of detecting brain tissue damage during the
first 3 to 30 minutes of ischemia, making it the
most sensitive early neuroimaging technique in
the setting of an acute ischemic stroke (Figure
1) (23).

A transient ischemic attack is a temporary epi-
sode (less than 24 hours in duration) of neuro-
logical dysfunction caused by focal brain, spinal,
or retinal ischemia without any evidence of acute
infarction (7). Headache is rarely a prominent
symptom of a transient ischemic attack - its fre-
quency varies between 16 and 36% (24). In the
case of transient ischemic attack, head CT or
MRI must be performed to exclude infarction.
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DWTI can be used to distinguishing brain, spinal,
or retinal ischemia from an acute infarction (25).

HEADACHEATTRIBUTEDTONON-TRAU-
MATIC INTRACRANIAL HEMORRHAGE

Headache attributed to non-traumatic intracere-
bral hemorrhage (ICH)

Intracerebral hemorrhage (ICH) is defined as
haemorrhage into the brain parenchyma and oc-
curs with the incidence of approximately 25 cas-
es for every 100 000 inhabitants annually (26).
Non-traumatic or spontaneous ICH is caused
by a variety of aetiologies, the most common
reasons being hypertensive or amyloid angiop-
athy (27). Headache is one of the most prevalent
symptoms of ICH (28). The manifestation of the
headache does not depend on the cause and is
usually gradual (29); however, it may also mani-
fest as a thunderclap headache (30). Other com-
mon symptoms include nausea, vomiting, focal
neurological deficit symptoms, deteriorating
consciousness, etc. (31).

Since clinical presentation is not sufficient for
the differentiation between ischemic and hemor-
rhagic focal neurological symptom origins, imag-
ing modalities are imperative. The gold standard
for acute hemorrhage detection is non-contrast
CT or gradient recalled echo (GE) and T2*-sus-
ceptibility-weighted MRI (31, 32). CT scan find-
ings assist with clinical decisions by evaluating
hematoma volume and predicting the upcoming
30-day mortality (34). Contrast-enhanced CT
and CTA may be useful in assessing the risk of
hematoma expansion by detecting focal areas
of contrast within the hematoma (known as the
spot sign) (35-37) or a large number of cerebral
microbleeds (38).

In the setting of ICH, CT is inferior to other im-
aging modalities, such as MRI and angiography,
especially sometime after the onset. Nonethe-
less, as mentioned previously in this review, in
emergency diagnostics, CT is the preferred im-
aging modality for its availability, cost-effective-
ness, and rapidity. CT angiography/venography
(CTA/CTV), and contrast-enhanced MRI or
MR angiography/venography (MRA/MRYV) are
informative when there is suspicion of an under-
lying structural lesion (39). Detected hyperin-
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tense lesions in DWI indicate acute or subacute
ICH (Figure 2) (40). MRI and MRA are far more
sensitive when diagnosing older hemorrhages,
secondary (primarily structural) causes, such as
arteriovenous malformations, tumors, and cere-
bral venous thrombosis (27, 31, 32, 40).
Headache attributed to non-traumatic subarach-
noid hemorrhage (SAH)

1% of all emergency room visitors suffering from
headaches are diagnosed with subarachnoid
hemorrhage (SAH) (3). SAH is defined as hem-
orrhaging into the cerebrospinal fluid (CSF) due
to corticomeningeal vessel rupture and occurs in
approximately 8 out of 100 000 people per year
(42). Multiple underlying conditions may be re-
sponsible for the development of SAH: various
vascular disorders, traumas, blood dyscrasias,
etc. (43) Common SAH manifestations include
a sudden severe thunderclap headache which
can be the only manifestation of the condition
(43, 44). Additional symptoms involve changes
in consciousness, neurological deficits, seizures,
vomiting, and neck stiffness (46). Due to its high
prevalence, neuroimaging in the setting of SAH
is a widely researched topic. However, currently,
there is a significant disparity in opinions con-
cerning the diagnostic protocols (47).

The most common clinical practice is to perform
a non-contrast CT scan, followed by lumbar
puncture (LP) if the head CT scan is non-diag-
nostic (48). This protocol is still considered to
have the highest sensitivity, while MRI/MRA
and CT/CTA are alternative imaging modality
protocols, useful in cases where CT/LP is con-
traindicated or hazardous (49). Furthermore,
CT has lower sensitivity when diagnosing SAH
in the posterior fossa, in patients without focal
neurological abnormalities, and cases of small
hemorrhaging volumes (50). Current data sug-
gest that MRI FLAIR sequence is more sensitive
than or equal to CT when detecting acute or sub-
acute SAH (42, 50-52) and additional scanning
protocols may be useful when diagnosing an un-
derlying condition (54). Nonetheless, negative
MRI would still require a follow-up LP (55).

LP is an invasive procedure, which prompts an
effort to find a similar or even more sensitive
diagnostic tool. It has been hypothesized that
CTA could replace LP in the SAH diagnostics

as a non-invasive and thus safer procedure with
relatively high sensitivity (42). However, data
from the recent studies suggest that it would not
be an optimal approach seeing as asymptomat-
ic aneurysms could be unnecessarily diagnosed
and the imaging modality comes with unwar-
ranted radiation exposure as well as consider-
able expenses (41, 55, 56). On the other hand,
modern third-generation cranial CT scans per-
formed within the first 6 hours of headache on-
set and evaluated by a qualified radiologist have
incredibly high specificity and sensitivity (100%
each), which warrants the elimination of a fol-
low-up tool altogether (58-60). This suggests
that improved CT scanning protocols negate LP
necessity and dangers, which occur due to hav-
ing a higher probability of complications than of
diagnosis (61-63). However, the 6-hour CT di-
agnostic sensitivity applies only to the patients
that have no focal neurological abnormalities or
changes in consciousness (64) and CT sensitivity
drops to 50% at seven days. Meanwhile, LP is di-
agnostic from 12 hours post-ictus and up to two
weeks after the onset (65).

Once a diagnosis has been established, further
imaging modalities are required to determine
the cause.

HEADACHE ATTRIBUTED TO

NON-TRAUMATIC ACUTE SUBDURAL

HEMORRHAGE (ASDH)
Acute subdural hemorrhage (ASDH) is defined
as acute bleeding between the dura and arach-
noid membranes usually due to damage to the
bridging veins (66). Spontaneous ASDH is less
common than traumatic subdural hemorrhages,
however, it is more dangerous due to higher mor-
tality (67). Non-traumatic ASDH may be caused
by multiple conditions, such as impaired hemo-
stasis, cerebral aneurysms, ruptured cortical ar-
tery, arteriovenous malformations, neoplasms,
hypertensive cerebral hemorrhage, intracrani-
al hypotension, Cerebral Amyloid Angiopathy
(CAA), and acquired immune deficiency syn-
drome (68). The headache manifests suddenly
in accordance with the site of hemorrhaging and
peaks in seconds or minutes, typically just before
the focal neurological symptoms (30).
Non-contrast CT is integral in both initial clini-
cal decision making and as a follow up (67). The
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main feature of ASDH as seen on a CT scan is
usually a hyperdense and sometimes mixed ap-
pearance of the subdural space (69). MRI is more
sensitive when diagnosing extremely thin, hem-
ispheric or tentorial subdural hemorrhages (70).
Imaging parameters, evaluated in the setting of
ASDH are age or thickness of the hemorrhage,
midline shift, presence of blood in the basal cis-
terns, ventricle obstruction. Additionally, un-
derlying conditions may be visualized using CT,
MRI, CTA, MRA and other imaging modalities
(66). For example, vascular imaging of the head
is advisable in patients with spontaneous ASDH
without coagulopathy, due to the possibility of a
ruptured cranial aneurysm (71-76).

Persistent headache following non-traumatic
ICH, SAH, ASDH

Headaches that persist more than three months
after a non-traumatic intracranial hemorrhage
have no specific imaging characteristics and thus
are not described in this review.

HEADACHE ATTRIBUTED TO UNRUP-
TURED VASCULAR MALFORMATION

HEADACHE ATTRIBUTED TO UNRUP-

TURED SACCULAR ANEURYSM
An unruptured intracranial saccular aneurysm
is a protrusion from a cerebral artery that con-
sists of a damaged or absent tunica media and an
internal elastic lamina (77). It occurs in 1-2% of
the population (78). Sometimes unruptured in-
tracranial aneurysms manifest as a thunderclap
headache, loss of visual acuity or palsy of the
3rd cranial nerve but usually, they are asympto-
matic (64, 77). Therefore, an unruptured aneu-
rysm is often an incidental radiological finding.
Aneurysms of 3 mm or larger can be identified
on CT (79), but CTA is frequently required to
clarify the diagnosis. CTA has specificity rates of
96-98% (90-94% for aneurysms smaller than 3
mm and up to 100% for aneurysms larger than
4 mm) and sensitivity rates of 96-98% for the
detection of an intracranial unruptured saccular
aneurysm (79, 80). The majority of saccular an-
eurysms are found around the anterior and pos-
terior communicating arteries, the bifurcation of
the middle cerebral artery, the internal carotid
artery, the basilar artery, the superior cerebellar
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artery and the posterior inferior cerebellar ar-
tery (64, 76). Just like CT, MRI has a somewhat
limited role in detecting an unruptured saccular
aneurysm. However, three-dimensional time-of-
flight MRA with volume rendering at 3.0 Tesla
has a sensitivity of 99% and specificity of 97%
which is irrespective of aneurysm size (81, 82).
Digital subtraction angiography is indicated in
the case of negative CTA/MRA or before sur-
gical or endovascular treatment to evaluate
adjacent structures and blood flow patterns
(Figure 3) (84).

HEADACHE ATTRIBUTED TO ARTERI-
OVENOUS MALFORMATION
Arteriovenous malformation (AVM) is a con-
genital disorder of the brain or spinal cord char-
acterized by an abnormal tangle of arteries and
veins with varying amounts of fistulas (85). Brain
AVMs have a prevalence of 18 per 100 000 in-
habitants (86). Presenting symptoms of AVM are
intracranial bleeding, headache, seizures, and fo-
cal neurological deficits (85). Signs of AVM on
non-contrast CT include a usually hyperdense
nidus with enlarged draining veins in the pe-
riphery of the brain parenchyma. CTA may
improve the sensitivity of CT to identify brain
AVMs. (87). Signs of AVM on MRI include the
nidus, feeding arteries, and draining veins that
demonstrate flow void and can be seen on con-
ventional sequences (65), while MRA may help
confirm the more subtle AVMs (Figure 4) (88).
The diagnosis of AVM is confirmed by cerebral
angiography (87).

HEADACHE ATTRIBUTED TO DURAL

ARTERIOVENOUS FISTULA
Dural arteriovenous fistula (DAVF) is an abnor-
mal connection between meningeal arteries and
dural venous sinuses or subarachnoid veins (89).
It has a detection rate of 0.16-0.29 per 100 000
inhabitants each year (90). DAVF frequently pre-
sents as painful pulsatile tinnitus or a headache
with other symptoms of intracranial hyperten-
sion (91). A diagnostic evaluation usually starts
with head non-contrast CT or MRI (92). CTA
and MRA characterize the feeding arteries, early
dural sinus opacification, and prominent drain-
ing veins (89). The diagnosis is confirmed with
digital subtraction angiography which remains
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the gold standard in the case of DAVFs (64, 93).
Headache attributed to cavernous angioma
Cavernous angioma occurs in 0.4 - 0.8% of the
population and is described as a vascular malfor-
mation of the brain and spinal cord characterized
by a lack of tight junctions between the lining
endothelial cells of pathologically dilated blood
vessels and slow blood flow within the patholog-
ical structure (94). Some cavernous angiomas
may trigger cluster headache-like, SUNCT-like
(short-lasting unilateral neuralgiform headache
with conjunctival injection and tearing) or mi-
graine-like attacks. The location of the headache
typically coincides with the site of the cavernous
angioma (30). The primary imaging modality for
cavernous angiomas is MRI. The most common
finding is a reticulated lesion with mixed signal
intensities (Figure 5) (95).

HEADACHE ATTRIBUTED TO ENCEPH-
ALOTRIGEMINAL OR LEPTOMENINGE-
AL ANGIOMATOSIS (STURGE-WEBER
SYNDROME)
Encephalotrigeminal or leptomeningeal angio-
matosis (Sturge-Weber syndrome) is a congeni-
tal vascular disorder characterized by a capillary
or capillary-venous malformation of the face,
brain, and eye (96). It occurs in approximately 1
in every 20 000 - 50 000 newborns (97). Enceph-
alotrigeminal or leptomeningeal angiomatosis
may cause migraine attacks with long motor
auras (30). Other symptoms include port wine
stain on the face, seizures, hemiparesis, visual
disorders, behavioral problems, and mental re-
tardation (98). The primary neuroimaging tech-
nique for the diagnosis of this disorder is brain
MRI with gadolinium contrast (96). Pia and cor-
tical enhancement are usual signs of Sturge-We-
ber syndrome on MRI (99). CT is less useful but
may detect brain calcification and atrophy (98).
Angiography can reveal the lack of superficial
cortical veins and tortuous veins near the vein
of Galen (98). Positron Emission Tomography
(PET) or Single Photon Emission Computed
Tomography (SPECT) are rarely used in diag-
nosing Sturge-Weber syndrome, but abnormal
glucose metabolism and cerebral perfusion may
be detected before the presence of clinical symp-
toms (Figure 6) (98).

HEADACHE ATTRIBUTED TO ARTERITIS
The current gold standard for diagnosing vari-
ous forms of arteritis is a vessel biopsy. Howev-
er, neuroimaging plays a major role in screening
and with increasing improvements may rival the
sensitivity and specificity even of the aforemen-
tioned invasive procedure.

HEADACHE ATTRIBUTED TO GIANT
CELL ARTERITIS

Giant cell arteritis (GCA) is a granulomatous
vasculitis of medium and large arteries (100).
This idiopathic and chronic condition occurs
in people older than 50 years with an incidence
ranging from 6,9 to 32,4 per 100 000 inhabit-
ants (101). Headache is a presenting symptom in
two-thirds of GCA patients, but it has no specific
characteristics apart from the occasional com-
plaint of scalp tenderness to touch (102). Other
symptoms of GCA include fever, fatigue, weight
loss, jaw claudication, and vision loss (103).
Temporal artery biopsy is the gold standard for
establishing the diagnosis of GCA. However, it
might not be necessary in case of typical symp-
toms and specific ultrasound or MRI findings
(104). Colour duplex ultrasonography of the
temporal arteries remains an important and
widely available imaging modality of GCA. The
halo sign (dark, hypoechoic circumferential wall
thickening) is highly sensitive and specific to
GCA (102). Meanwhile, MRI and MRA enable
the evaluation of vessel wall inflammation. The
sensitivity and specificity of MRI for GCA ranges
from 68% to 89% and from 73% to 97% respec-
tively (104). MRA can detect an irregular outline
and diameter changes of the arteries wall (101).
In cases of GCA, CT is useful when diagnosing
concentric mural thickening which continues
over long segments and indicates vessel inflam-
mation, while CT angiography is more suitable
in the assessment of stenotic and aneurysmal
lesions of arteries that develop as complications
(105). Further detection of inflammatory chang-
es in the blood vessels can be achieved through
18F-FDG-PET (often combined with CT) based
on the uptake of the radioligand. However, in
comparison to MRI, this diagnostic method has
lower sensitivity and specificity (77% and 66%
accordingly) (106, 108).

41



JOURNAL AVAILABLE AT RADIOLOGYUPDATE.ORG

HEADACHE ATTRIBUTED TO PRIMARY
OR SECONDARY ANGIITIS OF THE CEN-
TRAL NERVOUS SYSTEM (PACNS AND
SACNS)
Angiitis of the central nervous system (CNS) re-
fers to a broad spectrum of diseases that result
in inflammation and destruction of arteries and
veins of the brain, spinal cord, and meninges.
Inflammation typically causes medium or small
brain blood vessels to become narrowed, occlud-
ed, and thrombosed, which results in brain tissue
ischemia and necrosis (17). Angiitis of the CNS
could be either primary (confined to the CNS) or
secondary (part of a multisystem inflammatory
disease) (107). PANCS is a rare disease with an
incidence of 2.4 per 1 million inhabitants (108).
Headache is the dominant symptom of both pri-
mary and secondary types of angiitis. Typically it
is subacute, insidious, and diffuse but may pres-
ent in a variety of other characteristics. However,
a thunderclap headache should raise suspicion of
a reversible cerebral vasoconstriction syndrome
which often mimics PACNS (109). Other symp-
toms of angiitis of the CNS include cognitive im-
pairment, focal deficits, seizures, cranial nerve
involvement, myelopathy, and ataxia. Weight
loss, fever, or the involvement of visceral organs
are usually signs of systemic vasculitis (110).
Conventional cerebral angiography is often con-
sidered to be the radiological gold standard for
the diagnosis of PACNS/SACNS. The typical
angiographic finding is defined as beading (al-
ternating areas of stenosis and dilatation) (110).
However, some studies have shown that the sen-
sitivity and specificity of cerebral angiography
for PACNS might be as low as 70% and 30% re-
spectively (109).
In comparison, MRI has a high sensitivity of 90-
100% for diagnosing PACNS but a low specific-
ity. Most common MRI findings, occurring in
approximately 53% of patients, are multifocal
brain infarcts, while parenchymal hemorrhage,
leptomeningeal and parenchymal enhancement
are observed less frequently (110, 113, 114).
MRA and CTA are less sensitive for angiitis of
the CNS than conventional cerebral angiography
or MRI. They are useful in evaluating large brain
vessels, but angiitis of the CNS typically involves
medium and small vessels (107). Brain tissue bi-
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opsy of radiographically involved areas remains
the gold standard for establishing the diagnosis
of PACNS (113).

HEADACHE ATTRIBUTED TO CERVI-

CAL CAROTID OR VERTEBRAL ARTERY

DISORDERS
Headache or facial or neck pain associated to
cervical carotid or vertebral artery dissection
Cervical artery dissection (CAD) is a tear of the
carotid or the vertebral artery wall resulting in
the formation of a false lumen and intramural
hematoma (114). It has an incidence of 2.6-5
per 100 000 inhabitants per year (8, 117). CAD
accounts for 10% to 25% of ischemic strokes in
young adults and some cases may also cause a
subarachnoid hemorrhage (116). The expanding
intramural hematoma of CAD may lead to lo-
cal compression of adjacent nerves causing pain,
lower cranial neuropathies or cervical nerve root
damage (116, 119). Headache (with or without
the pain of the neck) is the most common and
sometimes the only manifestation of CAD oc-
curring in 55-100% of cases (30). Pain is often
unilateral (ipsilateral to the dissected artery),
sudden, severe, prolonged (up to 3 months after
the stabilization of CAD), and associated with
Horner’s syndrome, tinnitus or palsy of the 12th
cranial nerve (30). In rare cases, the headache
may not resolve within three months after the
stabilization of CAD and become persistent (30).
On the whole, the diagnosis of CAD is based on
the detection of loss of integrity of the carotid or
the vertebral artery wall. Ultrasound may visu-
alize the lumen, the wall of the artery and the
surrounding tissue. The most common findings
of ultrasound in the case of CAD include an in-
tramural hematoma, an echogenic intimal flap,
floating thrombus within the vascular lumen,
and tapering of the arterial lumen (117, 120).
Doppler sonography reveals a bidirectional high
resistance flow, reduced blood flow velocity or
absence of flow, and no flow in the false lumen
(119). The sensitivity of ultrasound for CAD is
approximately 70% — 86%. Thus other neuroim-
aging modalities such as MRI/MRA or CTA are
needed to establish the diagnosis (45, 122). MRI
provides information about the occurrence of
intramural hematoma, and MRA evaluates the
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vascular lumen (116). The sensitivity and spec-
ificity of MRA and CTA for CAD are relatively
similar (119, 123). However, CTA is used more
often due to its wide availability and fast scan-
ning speed (122). Conventional angiography for
CAD is performed only in questionable cases
due to its invasiveness and inability to evaluate
the arterial wall. Usual signs of conventional
angiography of CAD include vessel stenosis or
occlusion, false or double lumen, pseudoaneu-
rysm, irregular dilatation and, intimal flap (118).
Conventional angiography used to be the gold
standard for CAD, but nowadays it is replaced by
MRA and CTA due to its high accuracy and wide
availability (122).

POST-ENDARTERECTOMY HEADACHE
Carotid endarterectomy is a neurosurgical pro-
cedure performed to remove the atherosclerotic
plaque from the inside of an artery and reestab-
lish the diameter of the vessel lumen to prevent
strokes (125, 126). There are three different types
of headaches associated with carotid endarterec-
tomy. The first type of pain is the most common.
It occurs within the first few days after surgery
as a diffuse and mild headache. The second type
resembles a cluster headache occurring once or
twice a day for roughly two weeks. The third type
of headache is unilateral, pulsating and severe
(30). It usually begins three days after surgery
due to the hyperperfusion syndrome which is
marked by an increase of cerebral blood flow, sei-
zures, focal neurological deficits and may cause
cerebral hemorrhage (125). Hyperperfusion can
be detected via transcranial doppler which di-
rectly measures blood flow velocity of the mid-
dle cerebral artery (126). MRI and CT findings
are indirect and include white matter edema,
cerebral infarction, or hemorrhage, while perfu-
sion-weighted MRI and single-photon-emission
CT may directly indicate an increased cerebral
blood flow (129, 130).

HEADACHE ATTRIBUTED TO THE CA-
ROTID OR VERTEBRAL ANGIOPLASTY
OR STENTING
Angioplasty or stenting of the carotid or the
vertebral arteries is endovascular procedures
performed to treat cervical artery stenosis and
decrease the risk of stroke (129). Headache and

sometimes pain of the neck occur in one-third
of patients and has a mild, ipsilateral, and press-
ing quality. Pain begins within one week and re-
solves within one month after the endovascular
procedure (30). The cause of headache associat-
ed with angioplasty or stenting of the carotid or
the vertebral arteries is the hyperperfusion syn-
drome which has already been described in the
previous section (126, 131). Imaging modalities
are utilized only when there is suspicion of other
conditions or complications of the procedure.
Headache attributed to cranial venous disorder
Cerebral venous thrombosis (CVT) is a poten-
tially lethal condition and is most common in
adults (with a mean age of 39 years), more so in
women than in men (130). The incidence of this
condition is 1.3 per 100 000 adults and maybe
even higher in developing countries (131). A se-
vere slow-onset diffuse headache is a common
manifestation, occurring in more than 90% of
cases, and usually accompanied by focal neuro-
logical symptoms that are a sign of a brain paren-
chymal lesion, and/or seizures that occur in 40%
of all CVT cases (132, 134). Rarely the headache
presents unilaterally, suddenly, thunder-likely, or
mildly, not unlike a migraine (30).

Although CVT is a rather rare condition, ear-
ly diagnosis and treatment, which are heavily
dependent on the knowledge of neuroimaging
methods and signs, are crucial (133). As usual,
the primary imaging modality in the emergency
department is non-contrast CT, which is often
insufficient for diagnosis. However, increased at-
tenuation of the obstructed cortical vein (“cord
sign”), dural or the posterior portion of the
superior sagittal sinus (“dense triangle sign”)
is indicative of CVT (136, 137). Additionally,
Hounsfield unit (HU) to hematocrit ratio meas-
urement has been suggested as a rather sensitive
diagnostic criterion for CVT. However, further
studies are required (136). In contrast-enhanced
CT CVT manifests as the “empty delta sign™: a
contrast-enhanced wall of the thrombosed pos-
terior superior sagittal sinus (137). Further indi-
rect signs of CVT can be observed in CT scans:
dilation of the venous structures, small ventri-
cles, brain parenchymal lesions, falx and tento-
rium enhancement (138). Unfortunately, neither
contrast-enhanced nor non-contrast negative
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CT scans can rule out CVT.

In cases of CVT, MRI and MRV are the preferred
modalities in all stages (133). MRV and CTV are
both adequate for assessing changes in the ve-
nous system. However, CTV is inferior for the
visualization of changes in the brain parenchy-
ma (136, 141, 142). CTV is superior to Time-
of-Flight MRV when diagnosing partial vessel
occlusion (141). MRV as a separate imaging mo-
dality is not sufficient. CVT diagnosis requires a
full MRI in addition to MRV (141, 144). The sig-
nal intensity of the thrombus depends on its age
(139), and specific sequences have their advan-
tages: susceptibility weighted or T2*W GE se-
quences are most beneficial when evaluating the
obstruction in an acute setting or of the cortical
vein (143). Contrast-enhanced MRV is superior
to Time-of-Flight MRV for assessing smaller si-
nuses or slow blood flow (144). All in all, neither
MRI nor CT is sufficient, and CTV or MRV are
necessary when clinical suspicion of CVT is high
(Figure 7). Catheter angiography is considered
to be the most accurate diagnostic tool; however,
due to its invasive nature, this method is rarely
applied in clinical practice (135, 147).

Another reason for headaches, related to the
cranial venous sinuses, is stenting. It is the most
common adverse effect of the procedure, which
occurs ipsilaterally to the stent and lasts for a few
days. The precise frequency is difficult to deter-
mine due to many other stent unrelated types of
headaches that patients experience following the
procedure (146). The aforementioned adverse
reaction to the cranial venous sinus stenting
needs to be differentiated from other conditions,
such as complications or comorbidities. Howev-
er, neuroimaging has no different role to play in
the diagnosis of this type of headache.

HEADACHE ATTRIBUTED TO OTHER
ACUTE INTRACRANIAL ARTERIAL DIS-
ORDER

INTRACRANIAL ENDARTERIAL PROCE-
DURE RELATED HEADACHE AND AN-
GIOGRAPHY HEADACHE
Headaches associated to intracranial end-arteri-
al procedures (IEP) include angioplasty, embo-
lization, stenting, and typically develop within
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the first week and resolve within a month, while
headaches attributed to angiography develop
within a day and resolve in 72 hours after the
procedure (30). Typically, they are different in
types of severity and duration; symptoms may be
migraine-like in patients with an underlying mi-
graine. IEP related headaches are typically uni-
lateral (30). However, head imaging is required
only when there is suspicion of complications,
such as stent thrombosis or stroke.

Headache attributed to RCVS

Reversible cerebral vasoconstriction syndromes
(RCVS) are known as a group of conditions that
clinically manifest during physical exertion,
sexual activity, Valsalva maneuvers, bathing, or
emotional stress as a thunderclap headache due
to a reversible multifocal dilation and constric-
tion of the cerebral arteries (29, 149). Although
the precise incidence is not known, it is believed
that the condition is relatively common (112).
RCVS is considered the most common cause of
thunderclap headache in patients without an an-
eurysmal subarachnoidal hemorrhage, and the
most common recurrent thunderclap headache
(148). The thunderclap headache can be accom-
panied by nausea, photosensitivity, and focal
deficits (151, 152). Additionally, a small percent-
age of RCVS patients report atypical headaches
(151, 152). RCVS can lead to various types of in-
tracranial hemorrhages (convexal subarachnoid,
intracerebral, subdural hemorrhages), as well as
posterior reversible encephalopathy syndrome
(PRES) and ischemic stroke (151).

The prevention of the complications above re-
quires early diagnosis and management of the
RCVS (152-154). Imaging is an indispensable
part of the diagnostic workup. However, various
means of evaluation can be utilized: angiography,
transcranial Doppler sonography, CT or MR an-
giography. More than a third of initial CT/MRI
scans are normal in the presence of cerebral va-
soconstriction (114, 151, 152). Nonetheless, im-
aging evaluation should begin with non-contrast
CT. Convex subarachnoid hemorrhage especially
in patients younger than 60 years of age, signs of
previous and/or current multifocal infarcts, and
typical clinical findings should raise suspicion of
RCVS (157, 158). Further assessment requires
CT angiography, MR angiography or conven-
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tional angiography. CT angiography is less sen-
sitive than conventional angiography; however,
it is the setting of proximal branch involvement,
CTA detects the segments of vasoconstriction in
addition to possible comorbidities or complica-
tions (157).

MRI is superior to CT when evaluating possi-
ble complications and alternative diagnoses, yet
remains insufficient for the diagnosis of RCVS
(151, 152, 159). Hyperintense vessels along cer-
ebral sulci in T2 FLAIR imaging, while not spe-
cific, are indicative of RCVS and higher risk of
ischemic stroke and PRES incidence (152, 160,
161). Although MRA is less sensitive than con-
ventional angiography; it is often utilized because
of the non-invasive nature (155). MRA is used to
assess the extent, distribution, and progression
of the arterial constriction and associated com-
plications (160). Even transcranial ultrasound
has been utilized. However, this modality cannot
exclude the diagnosis or RCVS (161).
Conventional cerebral angiography, although
invasive, is considered to be the gold standard
(151, 157). It has the superior spatial resolution
to MRA and CTA and enables the assessment of
small and distal cerebral arteries, which is why
MRA and CTA sensitivity for RCVS-related ar-
terial stenoses is 80% in comparison to conven-
tional angiography (162, 164). Typical angiog-
raphy findings in RCVS are segments of arterial
constriction and dilatation, known as ‘string of
beads’ or ‘sausage on a string’ signs (162).
Certain conditions, especially primary angiitis of
the CNS, may manifest similarly to RCVS. Imag-
ing plays a critical role in differentiation (155).
Vessel Wall Imaging is an MR technique, use-
ful when differentiating vasculitis from RCVS
among other things. RCVS related wall thicken-
ing is less often enhanced, unlike in the setting
of central nervous system vasculitis (165, 166).
Perfusion imaging enables the detection of mul-
tifocal hypoperfusion areas, which helps with
the evaluation of progression and treatment re-
sponse in addition to the effects of specific seg-
ment stenosis (167, 168).

Persistent RCVS related headaches are longer
than three months and persist even after the cer-
ebral arteries normalize (30).

Headache attributed to intracranial artery

dissection

Intracranial artery dissection (IAD) is best
known for its association with severe subarach-
noid hemorrhages that tend to recur (169, 170).
Headaches attributed to IAD present unilaterally
and suddenly and may progress as subarachnoid
hemorrhage or stroke (29, 171). The precise inci-
dence is not known, however, it is believed to be
less than 2.6 - 3.0 per 100 000 people (170).
Clinical presentation is not specific, and imaging
evaluation is not always conclusive. Typical radi-
ological signs include mural hematoma, intimal
flap, and a double lumen (170). It is important
to note that no modality can detect all of these
findings, seeing as CT and MRI visualize the
extraluminal, while CT/MR/conventional an-
giography detects intraluminal changes. In the
setting of IAD, a mural hematoma is associated
with enlarged external diameter, which is not
related to other conditions that can manifest as
intramural hematomas as well (170). 2 - 3 days
following the onset of the IAD, MRI TIW se-
quence and exceptionally high-resolution 3 Tes-
la MRI that includes three-dimensional fat-sup-
pressed TIW images with a black-blood effect
can detect the hyperintense hematoma (171). An
intimal flap is best observed in digital subtrac-
tion angiography (170). Dissection may also be
accompanied by aneurysmal dilatation, which
indicates a higher risk of subarachnoid hemor-
rhage, while segmental stenosis and occlusion in
subarachnoid haemorrhage is indicative of IAD
(172, 174, 175). CTA and MRA are useful when
diagnosing intraluminal changes, while digital
subtraction angiography is utilized only in cases
of negative CT/MRI, before surgical or endovas-
cular treatment, and when patients present with
subarachnoid hemorrhage (170). Depending on
the findings, a combination of CT/MRI and in-
traluminal imaging is often required to confirm
the diagnosis of IAD.

HEADACHE ATTRIBUTED TO GENETIC
VASCULOPATHY

HEADACHE ATTRIBUTED TO CADASIL
Cerebral Autosomal Dominant Arteriopathy
with Subcortical Infarcts and Leukoencepha-
lopathy (CADASIL) is a small vessel disease de-
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termined by a mutation in the NOTCH3 gene
(174). It is considered to be the most frequent
of all small vessel diseases and hereditary stroke
disorders with a prevalence of approximately 2-5
cases per 100 000 inhabitants (11, 176-179). It
manifests by the late middle age most frequently
as a migraine with prolonged aura (29, 180). Ad-
ditional symptoms include transient ischemic at-
tacks and strokes, cognitive impairment, chang-
es in mood and gait, epilepsy, and others (179).
Neuroimaging plays a significant role in the di-
agnosis of CADASIL, even in patients presenting
with no symptoms whatsoever (180). Typical-
ly, CADASIL is differentiated from other small
vessel diseases by detecting early subcortical is-
chemic changes that progress to involve the an-
terior temporal poles and less frequently the ex-
ternal capsule or the superior frontal gyrus (182,
183). MRI T2W and FLAIR sequences show the
extent and age of the white matter abnormalities
that typically progress with years, while the DW
sequence enables the quantification of chron-
ic white matter changes (184, 185). Other less
prevalent pathological MRI findings, common
to CADASIL are CSF filled lacunas, cortical in-
farctions, and involvement of corpus callosum
(182, 185, 186).

Other imaging modalities are less sensitive when
detecting changes, common to CADASIL. In
the preliminary stages of the disease, CT imag-
ing may reveal nonspecific periventricular white
matter hypodensities. However, the common an-
terior temporal lobe abnormalities can be diag-
nosed only in the advanced stages of CADASIL
(181). Therefore, CT may indicate the disease.
However, MRI is necessary to confirm the diag-
nosis (Figure 8). Few studies analyze the diag-
nostic value of FDG-PET and diffusion tensor
imaging. However, even those studies suggest
that findings are not specific to CADASIL (181).
Headache attributed to MELAS

Mitochondrial Encephalopathy, Lactic Acidosis
and Stroke-like episodes (MELAS) are known
as one of the maternally inherited mitochondri-
al metabolic diseases that often manifest before
the fourth decade of life as a multisystemic dis-
order (186). Certain features of MELAS overlap
with CADASIL, but the main symptoms include
migraine-like attacks, stroke-like episodes, and
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encephalopathy often with dementia and/or sei-
zures (187).

The clinical manifestation of MELAS is intricate.
Nonetheless, brain imaging visualizes white and
grey matter changes that are characteristic and
aid the diagnosis of MELAS. In patients, present-
ing with stroke-like symptoms, infarction simu-
lating lesions are unlike the vascular territories,
develop slowly, may change location, and pro-
gress into atrophic regions with time (189, 190).
Typically, the involvement of parietal and occip-
ital lobes is observed (189). While MRI findings
are similar to CADASIL (both conditions are
known for the subcortical white matter damage),
cortical area involvement with vasogenic edema
and mass effect in acute and subacute phases is
more indicative of MELAS (190). Seeing as typ-
ical radiological findings are brain parenchy-
mal lesions, MRI is the preferred modality (189,
192). Common CT scan findings include bilater-
al basal ganglia and thalamic calcifications (192).
DWTI is useful when differentiating cytotoxic
from vasogenic edema, the latter usually but not
always manifesting in MELAS as elevated ADC
and sometimes progressing to cytotoxic (193-
198). SPECT findings differ between studies and
depend on the acuity of MELAS (198, 200-202).
CTA, MRA, and catheter angiography may be
utilized to evaluate the obstruction of cerebral
arteries and in MELAS; it is common to find the
arteries of the seemingly ischemic zones to be
patent (201). Other imaging modalities, such as
PET, Arterial Spin Labeling, Oxygen Extraction
Fraction, Magnetoencephalography, and tran-
scranial ultrasound may be utilized when there
are doubts concerning the diagnosis (202-206).

HEADACHE ATTRIBUTED TO MMA
Moyamoya angiopathy (MMA) is described as a
chronic progressive disease, defined by an abnor-
mal vasculature at the base of a brain following
bilateral stenosis and/or occlusion of the termi-
nal inferior cerebral artery branches (207). This
disease is most prevalent in Asia, with 10.4 cases
per 100 000 patients in Japan (208). MMA is yet
another condition, associated with recurring and
migraine-like headaches, which may manifest as
a stroke in early childhood or adolescence (30).
Neuroimaging enables the confirmation of the
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diagnosis. Head CT scan visualizes infraction
of both cortical and subcortical areas or paren-
chymal hemorrhages into the basal ganglia, thal-
amus, ventricles, however, it does not provide
information on the vasculature itself (209-211).
MRI is more sensitive than CT when diagnos-
ing MMA and enables the detection of findings
that suggest MMA even in asymptomatic cases.
Characteristic findings indicative to MMA are
the dilatation of leptomeningeal and cortical col-
lateral vessels (known as the “ivy sign”), absent
flow voids in the distal portions of inferior and
middle cerebral arteries, and absent signal in the
basal ganglia (212-216). High-resolution MRI
further increases the sensitivity of this modality,
by visualizing the narrowing of the outer arterial
wall diameter, and long-segment concentric en-
hancement of the inferior or middle cerebral ar-
tery. These findings raise the suspicion of MMA
even in the early stages (217-220). Other, MMA
common findings observed on MRI are ischem-
ic lesions in deep watershed zones (221), and
asymptomatic cerebral microbleeds (223, 224).
Noninvasive or catheter angiography is required
for the detection of steno-occlusion of the infe-
rior, middle, and/or anterior cerebral artery, and
grading, according to Suzuki’s six stages (224).
Conventional angiography is performed usually
in cases when bypass surgery is being considered
(212). Additional studies may be utilized for the
evaluation of intracranial hemodynamics: tran-
scranial sonography, perfusion CT, MRI, PET,
SPECT, arterial spin labeling, etc. (225-230).

HEADACHE ATTRIBUTED TO CAA
Cerebral Amyloid Angiopathy (CAA) is a small
and medium-sized vessel disease that affects the
walls of the leptomeninges and cerebral cortex
vessels due to the accumulation of amyloid-f
(231). The prevalence of the disease increases
with age and dementia development: autopsy re-
sults observed CAA related changes in up to 60%
of dementia patients and 28-38% of nondemen-
tia patients (232). Patients suffer from late-onset
auras, typically without or with a mild headache
as well as other typical CAA dementia symptoms
(30).

Although definite diagnosis requires validation
by pathological brain tissue examination, neuro-

imaging can detect findings indicative of CAA
(233). Lobar hemorrhages, commonly in the
temporal and occipital regions, usually visual-
ized by T2*W GE MRI sequences, raise suspi-
cions of CAA in dementia patients (234, 235).
Although CAA may be the reason for ICH, it has
been concluded that the vast majority of CAA
patients do not suffer ICH (235).

In patients over 60, CAA is considered to be the
most common cause of convex subarachnoi-
dal hemorrhage (156), which in turn increases
the risk of future ICH (236). Another finding,
common to small vessel disease, is cerebral mi-
crobleeds, which are seen as small hypointense
areas on blood-sensitive T2*W GE or suscepti-
bility-weighted MRI sequences (237). Cerebral
microbleeds correlate with microvascular leak-
age and are not specific to any condition. How-
ever, lobar cerebral microbleeds are indicative of
CAA and increased intracerebral hemorrhage
and ischemic stroke risks (237-242). White
matter hyperintensity (leukoaraiosis) is a specif-
ic diagnostic term, which is used to described
low-density areas on CT scans and high signal
areas on T2W MRI scans. It has been hypoth-
esized that particular localization (occipital re-
gion) of leukoaraiosis may indicate CAA, even
though white matter hyperintensity is common
in most small vessel disease (243).

Meanwhile, cortical superficial siderosis is iden-
tified by specific MRI sequences and occurs
more often in CAA patients than in the gener-
al population (Figure 9) (245, 246). In addition,
cortical superficial siderosis indicates a high risk
of recurrent ICH (246). Finally, PET assessment
of amyloid deposit localization has diagnostic
value and may predict the occurrence of CAA
related ICH (247).

HEADACHE ATTRIBUTED TO RVCLSM
Retinal vasculopathy with cerebral leukoen-
cephalopathy and systemic manifestations (RV-
CLSM) is a hereditary neurovascular syndrome
caused by mutations in the TREX1 gene (248).
This condition is best known for retinal vascu-
lopathy, brain dysfunction, in addition to white
matter and intracerebral mass lesions on neuro-
imaging, while systematic manifestations are less
frequent (248). The headache is defined as mi-
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graine-like episodes, often without aura, with or
without other clinical features (30).

The diagnosis is based on genetic testing, while
characteristic neuroimaging manifestations oc-
cur and progress from the fifth decade (249).
CT is not sufficient as the disease affects mostly
the white matter of the brain and merely focal
calcifications can be observed (248). MRI is su-
perior and can detect punctate non-enhancing
T2-hyperintense lesions in the periventricular
and subcortical white matter, or enhanced punc-
tate lesions either with DWI related restriction
or with various rim enhancements (more famil-
iar to the later stages) that are generally associ-
ated with edema and mass effect (248). Typical
enhanced lesions as seen on an MRI are consid-
ered to be the major diagnostic criteria, while
the aforementioned non-enhanced MRI and fo-
cal calcifications on CT are minor criteria of the
RVCLSM (248).

HEADACHE ATTRIBUTED TO OTHER

CHRONIC INTRACRANIAL VASCULOP-

ATHY
In theory, all intracranial vasculopathy can cause
migraine-like attacks. However, this group in-
cludes migraine-like headaches with and with-
out aura by any chronic vasculopathy (30). There
are no specific neuroimaging indications or find-
ings. Thus the imaging evaluation of these head-
aches is not discussed in this review.

HEADACHE ATTRIBUTED TO PITUI-

TARY APOPLEXY
Pituitaryapoplexy (PA) isa potentiallylife-threat-
ening clinical syndrome that is characterized by
the sudden enlargement of the pituitary gland
frequently following infarction of a preexisting
pituitary adenoma (250). It is a rare condition
with an estimated 6.2 cases per 100 000 inhab-
itants (251). PA often manifests as a sudden and
severe thunderclap headache, commonly accom-
panied by visual disturbances, diplopia, changes
in consciousness, less frequently nausea, vomit-
ing, and hypotension (253, 254).
Imaging plays a crucial role in the diagnosis of
PA. It helps to rule out other conditions, such as
subarachnoidal hemorrhage, meningitis, cere-
bral sinus thrombosis, midbrain infarction, mi-
graine, and aneurysms (250). The measurement
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of the pituitary mass influences clinical decisions
(252). Due to the sudden onset of the condition,
the first diagnostic test is usually a non-contrast
CT of the head. However, in cases of a negative
CT, patients should undergo an MRI scan, see-
ing as MRI is far more accurate when diagnosing
subacute PA (253, 255-257). Two signs of PA can
be observed on a CT scan: an interstellar mass
(80% of cases) and hemorrhagic components
(20-30% of cases) (253, 258). In contrast-en-
hanced CT certain features of the pituitary tumor
may become visible: inhomogeneous enhance-
ment with or without ring enhancement (258).
It has been reported that MRI findings are sensi-
tive enough to be comparable to histopathologi-
cal conclusions (259). TIW sequences are useful
for detecting altered signal intensity sella turcica
lesions, while T2W images detect hemorrhages
(260). T2*W GE imaging increases the sensitivi-
ty of blood product detection even further (261).
All in all, imaging, especially MRI, plays a cru-
cial role in diagnosis and decision making in the
setting of PA (Figure 10).
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Figure 1. CT and MRI of an ischemic stroke in the left MCA (a - axial CT showing no features of stroke in the early stag-
es; b-f MRI: b - T1W axial; ¢ - T2W FLAIR axial; d - DW axial; e - ADC axial; f - TOF)
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Figure 2. MRI of a non-traumatic haemorrhage at the right cerebellum hemisphere (a -T1W axial; b- T2W fl2d hemo
axial; c- T2W coronal (movement artefacts); d- T2W FLAIR axial).
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Figure 3. Saccular aneurysm at ACM dex. vessel: a - axial CT; b - CT angiography basic; ¢ - angiography; d - CT angiog-
raphy 3D reconstruction.
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Figure 4. Arteriovenous malformation, MRI (a - T2W FLAIR axial; b - T2W axial; ¢ - T2W fl2d hemo axial; d - TIW
sagittal; e - TOF vein; f - TOF arterial).
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Figure 5. Cavernoma at the left frontal lobe (a - axial CT; MRI: b - T2W/FLAIR axial; ¢ - T1W axial; d - T2W f12 hemo
axial; e - T2W coronal).
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Figure 6. Sturge-Weber syndrome with an acute epidural haematoma at the left frontal lobe as a concomitant pathology
(a, b — axial CT; axial MRI: ¢ - TIW; d - T2W fl2d hemo; e - T2ZW FLAIR).
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Figure 7. Multiple different venous sinus thromboses (thrombosis of the superior sagittal sinus: a, b - axial CT; and
thrombosis of the left transversal sinus vein MRI: ¢ - T2W coronal; d - T2W FLAIR axial; e - TOF).
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Figure 8. CADASIL, MRI (a, b - T2W FLAIR axial; ¢ - T2W coronal).
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Figure 9. Cerebral amyloid angiopathy and encephalopathy, MRI (a - e T2W fI2d hemo axial; f - T2W/FLAIR axial).
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Figure 10. Pituitary apoplexy, MRI (a - TIW coronal; b -
T1W sagittal).

CONCLUSIONS

Headaches attributed to cranial and cerebral
vascular disorders vary in etiology, clinical and
radiological manifestation. Therefore, a good
understanding of the purpose that each imag-
ing modality serves is required. CT imaging is
a widely available and a quick diagnostic tool
which, unfortunately, is also associated with
ionizing radiation. MRI is a sensitive brain pa-
renchymal lesion evaluation tool that does not
expose patients to radiation and enables the
evaluation of small pathological structures in
different sequences. However, MRI scans take
longer, are more expensive, and not as widely ac-
cessible as CT scanners. Other imaging modali-
ties provide additional information on the intra-
luminal, metabolic, or perfusion changes in the
brain when initial imaging is not sufficient and
requires clarification.
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ABSTRACT

Background and aim. Magnetic resonance imaging (MRI) is one of the most useful and frequent methods of exami-
nations to monitor patients after chemoradiotherapy, in order to assess residual tumor tissue and relapse of the disease.
This study aims to evaluate the diagnostic value of MRI in the assessment of the effectiveness of the treatment of cancer
of cervix uteri.

Materials and methods. Retrospective data of 52 patients were obtained. All these patients underwent pelvic MRI in
the Hospital of Lithuanian University of Health Sciences Kauno klinikos to assess the malignant tumor of cervix six
months after chemoradiotherapy in the year 2010. MRI diagnostic value characteristics were calculated, compared with
clinical data, obtained in the period of 5 or more years after chemoradiotherapy.

Results. Residual tumor tissue was found in 25.0 % of patients. In 28.2 % of patients with non-keratinizing squamous
cell carcinoma, in 20.0 % of patients with keratinizing squamous cell carcinoma and 0.0 % of patients with adenocar-
cinoma, the residual tumor was found. In 100 % of patients with G1 tumors, in 23.4 % of patients with G2 tumors and
25.0 % of patients with G3 tumors, residual tumor tissue was found. In 12.5 % of cases the residual tumor was diagnosed
within the range of 1.0-3.0 cm, in 19.2 % - within the range of 3.0-5.0 cm, in 25.0 % - within the range of 5.0-7.0 cm,
in 75.0 % — within the range of 7.0-9.0 cm, in 75.0 % - within the range of 7.0-9.0 cm. In 26.5 % of patients with tumor
extension to parametrium, in 28.6 % of patients with tumor extension to corpus uteri/vagina, in 60.0 % of patients with
tumor extension to bladder/rectum and 28.1 % of patients with abnormal pelvic lymph nodes, residual tumor tissue was
found. The specificity of MRI in the detection of residual tumor was 100.0%, sensitivity — 63.6%, positive prognostic
value (PPV) - 100.0%, negative prognostic value (NPV) - 78.9% and accuracy — 84.6%. Matthews correlation coeffi-
cient (MCC) was 0.71.

Conclusions. MRI allowed diagnosing residual tumor tissue in 25.0 % of patients. Residual tumor tissue was most com-
monly diagnosed in patients with non-keratinizing squamous cell carcinoma, G1 carcinoma, large tumors and tumors
with invasion to bladder and rectum. In the diagnostic of residual tumor tissue, MRI showed moderate sensitivity, high
specificity, accuracy, PPV and NPV.

Keywords: magnetic resonance imaging, cancer of cervix uteri, chemoradiotherapy, residual tumor tissue.

INTRODUCTION

Cancer of cervix uteri is the second most fre-
quent cancer and the third cause of death in the
world [1-3]. Disease relapses and causes death
in approximately 30 % of female patients. Ac-
cording to the literature data, 5-years survival is
only 64 % [3, 4].

According to the data presented by the National
Cancer Institute, in 2012 the incidence of can-
cer of cervix uteri in all age groups accounted
for 5 % of all malignant tumors in females. The
incidence of the cancer of cervix uteri in females
in the age group of 15-29 years was the second

after the incidence of thyroid cancer and ac-
counted for 13 % of all cancers. In 2012, mor-
tality from cancer of cervix uteri in Lithuania in
all age groups accounted for 6 % of all malignant
tumors. Mortality from cancer of cervix uteri in
the age group of 35-54 years was the second after
mortality from breast cancer and accounted for
15 % [5].

Accurate assessment of the extent of the spread
of cancer is extremely important for the selection
of the appropriate treatment modality. However,
the medical examination does not allow identi-
fication of the size of a tumor, especially when
infiltrative tumors are diagnosed and tumor in-
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filtrates parametrium and pelvic wall and when
lymph node metastases are observed. A biopsy
may not agree with the results of postoperative
histopathological examination because tumors
are often heterogenic. Non-invasive visualiza-
tion methods provide useful additional informa-
tion which is necessary for precise evaluation of
the clinical stage [6].

The prognosis of the disease depends on the
stage at the time of diagnosis, the size of the tu-
mor, its histological type, stromal infiltration,
local and distant metastases [6]. Magnetic reso-
nance imaging (MRI) is extremely valuable for
the evaluation of the local extent of cancer of
cervix uteri which predetermines the selection of
treatment modality and prognosis of the disease.
MRI is especially valuable in patients selected for
chemoradiotherapy when radical hysterectomy
is impossible [2, 7].

It is essential to monitor patients after chemo-
radiotherapy in order to assess residual tumor
tissue and relapse of the disease. In this case,
clinical examination is not very accurate. Com-
puted tomography (CT) does not allow precisely
to differentiate residual tumor tissue with radi-
ation fibrosis and other possible abnormalities,
and therefore MRI is one of the most useful and
frequent methods of examinations. When a re-
sidual tumor is detected, and additional chemo-
therapy and radiotherapy are applied survival
prognosis improves, and therefore, early diag-
nosis of relapse or residual tumor is of extreme
value [8, 9].

AIM

To evaluate the diagnostic value of MRI in the
assessment of the effectiveness of the treatment
of cancer of cervix uteri.

OBJECTIVES

1. To determine the number of patients with re-
sidual tumor tissue detected by the MRI method.
2. To assess the distribution of residual tumor
tissue according to the size of the previous tu-
mor, local extension, histological type and grade
of differentiation.

3. To calculate the sensitivity of MRI, its speci-
ficity, accuracy, positive prognostic value (PPV),
negative prognostic value (NPV) in the evalua-
tion of the effectiveness of treatment.
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MATERIALS AND METHODS

Retrospective data of 52 (n=52) patients were ob-
tained from the Registration Office of the Depart-
ment of Obstetrics and Gynaecology of the Hos-
pital of Lithuanian University of Health Sciences
Kauno klinikos archive and Hospital Information
System (HIS). All these patients underwent pel-
vic MRI in the Department of Radiology to assess
the malignant tumor of cervix six months after
chemoradiotherapy in the year 2010.

Pelvic MRIs were performed by 1.5 T MRI scan-
ner “Siemens Magnetom Avanto Syngo MR B
15%, equipped with a pelvic coil, with patients in
a supine position, their hands raised overhead,
and legs straighten. Anterior, lateral, axial and
axial oblique plains were employed according to
pelvic examination protocol.

The first phase involved a native scan in T1W/
TIRM, T1W/TSE, and T2W/TSE sequences.
The second stage included a DW/EPI sequence
using b values of 50, 400 and 800 s/mm?2. ADC
maps were reconstructed from DW images. The
third phase consisted of TIW/TSE and T1W/
SE/FS sequences using an intravenous gadolin-
ium-based contrast medium. Contrast medium
was injected into a peripheral vein; the precise
amount was calculated according to the patient’s
body weight: 1 ml product / 5 kg body weight or
15ml/ 75 kg.

The following patients’ characteristics were used
for the research data analysis: patients’ age, tu-
mor size and extent before treatment, histolog-
ical type, and differentiation grade. Tumor size
and extent were assessed using MRI data ob-
tained before chemoradiotherapy. Assessment
of tumor histological type and differentiation
grade were based on data of morphological ex-
amination of biopsy specimens obtained before
initiation of treatment. The number of cases with
residual tumor detected using MRI 6 months af-
ter chemoradiotherapy was also assessed. MRI
sensitivity, specificity, and accuracy were also
calculated as well as PPV and NPV compared
with clinical data obtained in the period of 5 or
more years after chemoradiotherapy.

According to various authors, a 5-years surviv-
al period after the treatment of cancer of cervix
uteri was selected because a statistically signifi-



RADIOLOGY UPDATE VOL. 3 (5) ISSN 2424-5755

cant decrease in a number of relapses after that
period is observed and follow-up visits are re-
quired only once yearly. This period is sufficient
to determine the absence of relapse or residual
tumor tissue as weighted regression [10].

The Matthews correlation was used to identify
classification quality.

The obtained data were analyzed using software
packages “SPSS 17.0” and “Excel 2016”. The se-
lected level of statistical significance was p < 0.05.
Quantitative data were presented as an average
and a standard deviation. Qualitative data were
presented as absolute numbers and percentages.

RESULTS
In 2010 in the Clinic of Radiology MRI to as-
sess the tumor of cervix uteri six months after

Figure 1. Patients’ distribution by age groups
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chemoradiotherapy was performed in 52 pa-
tients. Patients’ age ranged from 29 to 86 years,
the average age was 52.9 X 11.86 years (Figure 1).
Histological examination showed keratinizing
squamous cell carcinoma in 39 patients (75.0 %),
non-keratinizing squamous cell carcinoma in 10
patients (19.2 %) and adenocarcinomas in 3 pa-
tients (5.8 %).

In 1 patient (1.9 %) G1 grade was established at
diagnosis, in 47 patients (90.4 %) — G2 grade, and
in 4 patients (7.7 %) — G3 grade.

Tumor distribution by tumor sizes was assessed,
it ranged from 1.2 to 11.0 cm, average was
4.74+1.90 cm. 8 number of cases (15.4 %) were
within 1.0 - 3.0 cm, 26 (50.0 %) — within 3.0 -
5.0 cm, 12 (23.1 %) - within 5.0 - 7.0 cm, 4 (7.7
%) — within 7.0 - 9.0 cm, 2 (3.8 %) — within 9.0
- 11.0 cm range.
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The local extension of the tumor was assessed.
Invasion to parametrium was diagnosed in 49
patients (94.2 %), invasion to corpus uteri/va-
gina was diagnosed in 28 patients (53.8 %) and
invasion to bladder/rectum was diagnosed in 5

patients (9.6 %).

MRI performed six months after chemoradi-
otherapy was used to assess the number of pa-
tients with residual tumor; it was diagnosed in
13 patients (25.0 %) (Figure 2).
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Figure 2. Pelvic MRI, T2W/TSE sequence, lateral (A) and axial (B) planes. Cervix uteri are large; its structure is hetero-
geneous — changes after chemoradiotherapy. Infiltration with abnormal SI is observed along the cervical canal - residual
tumor masses

Residual tumor tissue was not found in 39 patients (75.0 %) (Figure 3).

Figure 3. Pelvic MRI, T2W/TSE sequence, lateral (A) and axial (B) planes. Changes after chemoradiotherapy are visible.
Cervix uteri are small in size, homogeneous; no unusual SI lesions are observed (arrows).
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The distribution of residual tumor tissue by tu-
mor histological type was analyzed. In 11 out of
39 patients (28.2 %) with non-keratinizing squa-
mous cell carcinoma, residual tumor was found.
In 2 out of 10 patients (20.0 %) with keratiniz-
ing squamous cell carcinoma, the residual tumor
was found. Moreover, in 0 out of 3 patients with
residual adenocarcinoma tumor was found (0.0
%) (Figure 4).

Figure 4. Residual tumor tissue distribution by histological type
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The distribution of residual tumor tissue by tu-
mor differentiation grade was presented. In 1 out
of 1 (100 %) patient with a G1 tumor, residual
tumor tissue was found. In 11 out of 47 (23.4 %)
patients with a G2 tumor, residual tumor tissue
was found. Moreover, in 1 patient out of 4 (25.0
%) with a G3 tumor, residual tumor tissue was
found (Figure 5).
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Figure 5. Residual tumor tissue distribution by tumor grade
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The number of cases with residual tumor tissue  out of 12 (25.0 %) residual tumor was diagnosed
before treatment was compared with the tumor  within the range of 5.0-7.0 cm. 3 out of 4 (75.0
size (largest dimension). 1 out of 8 (12.5 %) re- %) residual tumor was diagnosed within the
sidual tumor was diagnosed within the range of = range of 7.0-9.0 cm. 1 out of 4 (75.0 %) residual
1.0-3.0 cm. 5 out of 26 (19.2 %) residual tumor  tumor was diagnosed within the range of 7.0-9.0
was diagnosed within the range of 3.0-5.0 cm. 3 cm (Figure 6).

Figure 6. Residual tumor tissue distribution by tumor size
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The number of patients with residual tumor tis-
sue was compared with local tumor extension
before treatment. Extension to parametrium was
diagnosed in 49 patients, 13 (26.5 %) of them
were diagnosed with residual tumor tissue. Ex-
tension to corpus uteri/vagina was diagnosed in
28 patients, 8 (28.6 %) of them were diagnosed

with residual tumor tissue. Extension to bladder/
rectum was diagnosed in 5 patients, 3 (60.0 %) of
them were diagnosed with residual tumor tissue.
Abnormal pelvic lymph nodes were diagnosed in
32 patients, 9 (28.1 %) of them were diagnosed
with residual tumor tissue (Figure 7).

Figure 7. Residual tumor tissue distribution by tumor extent
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MRI was performed six months after chemora-
diotherapy diagnostic value characteristics were
calculated and compared with clinical data ob-
tained after 5 or more years after chemoradio-
therapy. MRI showed no tumor relapse in 38
patients. In 30 of them findings were real neg-
ative (TN) (MRI shows no residual tumor, and
no clinical symptoms of the disease are observed
within 5 years after chemoradiotherapy) and in 8
patients findings were false negative (FN) (MRI
shows no residual tumor. However, disease re-
lapses within 5 years after chemoradiotherapy).
In 14 patients MRI showed residual tumor tis-
sue, of them in 14 patients findings were real
positive (TP) (MRI shows residual tumor tis-

Extent to
bladder/rectum

Extent to lymph
nodes

B Residual tumor tissue

sue and disease relapses within five years after
chemoradiotherapy). No false negative findings
(FN) were obtained (MRI shows residual tumor
tissue although no clinical signs of the disease
are observed within five years after chemoradi-
otherapy) (Table 1).
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Table 1. Outline of the calculation of MRI diagnostic value characteristics

Tests Clinically confirmed Clinically not confirmed
MRI diagnosed 14 (TP) 0 (FP)
MRI not diagnosed 8 (TN) 30 (FN)

According to the results obtained, diagnos-
tic value characteristics of MRI performed six
months after chemoradiotherapy were calculat-
ed: specificity — 100.0%, sensitivity — 63.6%, PPV
- 100.0%, NPV - 78.9% and accuracy - 84.6%.
Because no false positive finding was obtained,
specificity and PPV were ideal.

Our research showed extremely high Matthews
correlation coefficient (MCC=0.71). It shows the
high quality of MRI diagnostic value character-
istics.

DISCUSSION

In Lithuania and globally, cancer of cervix uteri
is one of the most common malignancies in fe-
males. According to the data presented by the
National Cancer Institute, it is most frequently
diagnosed in females in 50-54 years age group
[5]. According to the data of our research, it was
most frequently diagnosed in females of 46-55
years age group. Therefore our results are close
to the literature data.

Assessment of histological findings showed that
squamous cell carcinoma is the most common
in patients with cancer of cervix uteri. Adeno-
carcinoma is far rarer, and it accounts for 5-20 %
of all cases of cancer of cervix uteri [11, 12]. Our
research data are quite similar: squamous cell
carcinoma (both keratinizing and non-keratiniz-
ing) was diagnosed in 49 out of 52 patients (94.2
%), and adenocarcinoma was diagnosed only in
3 out of 52 patients (5.8 % of all cases).
According to the data of the study conducted by
G. Somoye et al., the disease relapses in 30 % of
patients, and 5-years survival is approximately
64 % [4]. According to the study of Attia M. A.
et al., local relapse after chemoradiotherapy was
diagnosed in 31.2 % of patients [13]. According
to many authors, the disease relapses in 35-61 %
of patients [14]. Our research data show that re-
sidual tumor tissue is found slightly more rarely
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by MRI performed six months after chemora-
diotherapy and made up 25 % of all examined
patients.

According to multiple studies, the comparison of
relapse number and its previous size shows that
the tumor size is a significant prognostic factor.
The study of Werner-Wasik et al., showed that
in patients with more substantial than 5cm tu-
mor size, relapse was diagnosed in 83 % of pa-
tients if compared to the number of relapses in
patients with the tumor smaller than 5 cm (53
%). In patients with FIGO stages I and II, the tu-
mor size is even more critical prognostic factor
if compared to the stage of the disease [15]. Our
study also showed that the majority of patients
with residual tumor tissue were diagnosed in the
group of patients with large tumor (5-7 cm), ant
its accounted for 75.0 % of all cases.

Extension to parametrium significantly increases
the risk of the residual tumor tissue. According
to the study of Werner-Wasik et al., the tumor
relapse was diagnosed in 25 % of patients that
were not diagnosed with tumor extension to par-
ametrium at initial examination and in 54 % of
patients with diagnosed tumor extent to parame-
trium [15]. Our research showed better results —
residual tumor tissue was diagnosed in 26.5 % of
patients with tumor extension to parametrium.
Literature presents insufficient data concerning
the tumor differentiation impact on residual
tumor tissue and tumor relapse. Several stud-
ies showed that the tumor differentiation grade
has no significant effect on the development of
tumor relapse [16, 17]. We had only one patient
with G1 grade and four patients with G3, so it
is impossible to make a relevant conclusion con-
cerning the grade of differentiation and residual
tumor tissue.

Several studies were conducted to assess the
character of the diagnostic value of MRI in the
tumor relapse and residual tumor tissue diag-
nostic. Many studies evaluated MRI sensitivity
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and specificity in the diagnosis of tumor relapse
after chemoradiotherapy. E. Vincens et al. con-
ducted one of the most extensive studies. They
assessed 43 MRIs after chemoradiotherapy and
found that MRI sensitivity was 80 % and speci-
ficity was 55 %. There were 50 % of FN findings
and 17 % of FP findings [18]. In the study con-
ducted by P. Lavoue et al. 29 MRIs performed af-
ter chemoradiotherapy were assessed. MRI sen-
sitivity was 77 %, and specificity was 60 % [14].
According to the data presented by H. Hricak et
al., MRI accuracy in assessing the tumor relapse
after chemoradiotherapy was 78 %, PPV - 65 %
and NPV - 97 %. The accuracy of MRI, conduct-
ed earlier than six months after radiotherapy was
69% and specificity was 46 %. These diagnostic
value characteristics were much higher when
MRIs were conducted in more than six months
after initiation of chemoradiotherapy: accuracy
was 88 %, and specificity was 81 % [19]. There-
fore, our research shows that MRI is considerably
more accurate and sensitive when it is conduct-
ed not earlier than six months after treatment.
MRIs that we have assessed were conducted six
months after chemoradiotherapy. Our accuracy
was somewhat similar, and it was 86.6 %, and
specificity was 100 %.

Due to insufficient sample size during our re-
search, we did not calculate the correlation be-
tween residual tumor tissue and histological
type, grade of differentiation and tumor local
extent.

CONCLUSIONS

1. MRI allowed diagnosing residual tumor tissue
in 25.0 % of patients. Moreover, residual tumor
tissue was not found in 75.0 % of patients.

2. Patients with non-keratinizing squamous cell
carcinoma and well-differentiated carcinoma
of cervix uteri were most commonly diagnosed
with residual tumor tissue.

3. Residual tumor tissue was most commonly di-
agnosed in patients with large (7.0-9.0 cm) tum-
ors and patients with tumor invasion to bladder
and rectum.

4. In the diagnostic of residual tumor tissue, MRI
showed moderate sensitivity, high specificity, ac-
curacy, PPV and NPV.
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ABSTRACT

Background and aim: Pulmonary leiomyomatosis (PBML) is the most common type of metastasizing leiomyomas. It is
routinely found by a chest X-ray in women with a medical record of myomectomy related to uterine leiomyoma. These
findings in young women are frequently misinterpreted as metastasized lung cancer due to the similarity of radiological
findings. This article aims to describe a clinical case, define the diagnostic value of radiological imaging findings and to
differentiate the distant leiomyoma metastases from malignant ones.

Material and methods: We present a new case of PBML post hysterectomy mimicking malignant pulmonary metasta-
ses. Additionally, a literature review was conducted for case reports and previous literature reviews describing PBML,
its etiology, pathogenesis, and diagnostic features. Medline (PubMed), ScienceDirect, Hindawi, EPOSTM databases
were used.

Results: PBML nodules pose a diagnostic ambiguity by mimicking malignant pulmonary metastases especially on rou-
tine chest X-rays and CT scans. Our presented case is similar to previously reported cases, and MRI played a crucial
role in the differential diagnosis. In 10 of 13 investigated cases, nodules were multiple and bilateral, oval in shape and
well-circumscribed. The average age of patients described in the reviewed case reports was 47,2 years. 77 % of them have
had a history of leiomyoma and hysterectomy or myomectomy.

Conclusion: Although PBML is a rare condition it should be considered for patients with a history of leiomyoma or
hysterectomy or myomectomy due to leiomyomatosis. It is essential seeing as these findings are often misdiagnosed as
malignancy because of ambiguous radiological findings, such as bilateral and multifocal well-circumscribed rounded
lesions that vary in size. MRI is a suitable tool for evaluating these nodules and ADC value can be useful to differentiate
benign nodules from malignant metastasis.

Keywords: pulmonary leiomyomatosis, benign metastasizing leiomyoma, computed tomography.

INTRODUCTION

Benign metastasizing leiomyoma (BML) is a
rare condition that may affect females in all age
groups and is frequent in those with a medical
history of uterine leiomyoma and myomectomy
or rarely without this procedure [1]. However,
BML mostly occurs in women during their late
reproductive years [2]. The BML generally me-
tastasizes to lungs, although it can be associated
with metastases in the abdominal or paraaortic
lymph nodes, liver, heart, breasts, muscular tis-
sue or even the central nervous system. Conse-
quently, the diagnosis of pulmonary benign me-
tastasizing leiomyoma (PBML) is complicated. It
can be misdiagnosed as bronchitis, pneumonia,
pulmonary tuberculosis or metastasizing lung
cancer because of non-specific clinical symp-
toms such as chest pain, cough or shortness of

breath, although usually, BML is asymptomatic.
Frequently the diagnosis is based on imaging
findings which are even more deceptive [3, 4].
Most cases of PBML may be discovered inciden-
tally by chest X-ray or CT scans during routine
examinations and may resemble malignant pul-
monary metastases.

AIM

This article aims to describe a clinical case, de-
fine the diagnostic value of radiological imaging
findings and to differentiate the distant leiomyo-
ma metastases from malignant ones.

CASE REPORT MATERIAL

We present a clinical case of a 50-year-old wom-

an with multiple pulmonary nodules after hys-

terectomy due to uterine leiomyomatosis and
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selective literature review for case reports and
literature reviews describing the pulmonary lei-
omyomatosis, its etiology, pathogenesis and di-
agnostic features published in the last five years.
Medline (PubMed), ScienceDirect, Hindawi,
EPOSTM databases were used to search for pub-
lications.

A 50-year-old woman was referred to a pulmo-
nologist for consultation at the Hospital of LUHS
(Lithuanian University of Health Sciences) Kau-
nas Clinics after multiple lung nodules varying
in size were observed on a routine chest X-ray.
Nodules were differentiated between granulo-
ma and metastatic malignancy (Figure 1). The
patient denied any symptoms and laboratory re-
sults were normal. According to medical history,
seven years ago the patient had undergone a hys-
terectomy due to uterine leiomyomatosis. Lung
CT (using Toshiba Aquilion One multislice CT
equipment with and without contrast agent) was
performed because of the suspected malignan-
cy. CT showed multiple nodules varying in size,
with attenuation values changing from 59HU to
100 HU after the injection of contrast agent (Fig-
ure 2). The following week a bronchoscopy and
transbronchial biopsy were performed, but ac-
cording to the pathological report, no malignant
changes were observed.

A lung MRI was performed to analyze the en-
hancement, contrast agent wash-out significance
and apparent diffusion coeflicient (ADC) value
of nodules, and exclude any malignant process-
es. MRI was performed using 1T Siemens Mag-

Figure 1. LUHS Radiology clinic archive

A, B Plain films of 50-year-old women demonstrate 1,0 -
3,5 cm well-defined oval nodules in the right lung upper
and lower lobes (white arrows).
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netom Aera in T1 VIBE, T2 HASTE, TIRM,
DW sequences in the axial and coronal plane.
MRI showed well defined, heterogeneous nod-
ules with solid and cystic parts, and higher sig-
nal intensities (SI) in T2_HASTE and TIRM se-
quences. (Figure 3)

In the post-processing stage, SI in diffu-
sion-weighted images was evaluated using dif-
ferent b values of 50,400 and 800, after this ADC
was calculated to estimate restriction in nodules
(Figure 4)

In precontrast T1_VIBE nodules were isoin-
tense, in CE T1_VIBE sequence after 5 min. of
contrast agent injection SI was 40-77 and after 15
min it was approximately- 56 and wash-out was
not significant (Figure 5 ) Because CE T1_VIBE
delayed scans wash-out was not significant it
did not allow to exclude malignant pulmonary
metastases, but ADC was high, and features of
restriction in nodules indicated benign nodules.
The multidisciplinary team decided to perform
a typical lung resection of one nodule from the
right lower lobe for histological verification. Pa-
thology identified a smooth muscle tumor. Im-
munohistochemical staining showed smooth-
muscle desmin and actin, but was negative for
CD117. Estrogen and progesterone receptors
were strongly positive. These findings suggested
pulmonary leiomyomatosis.

The patient was started on tamoxifen, an aro-
matase inhibitor, and GnRH analog. Further fol-
low up was suggested using CT/MRI.
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Figure 2. LUHS Radiology clinic archive

CT scans of the same 50-year old female with a history of
uterine myomectomy. (A, B) native and C after i/v con-
trast agent administration. Scans demonstrate multiple
well defined pulmonary nodules in variable size 2-32 mm
in the right lung field, i/v contrast-enhanced from 59 HU
in the native scan (C) to 100 HU in CE scan (B).

Figure 3. LUHS Radiology clinic archive

MRI scans of the same patient: A, B T2_HASTE axial
images- white arrows show SI in the solid part of nodu-
lus - 373; C- TIRM axial slice — arrow show cystic part of
nodulus, SI -245.
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Figure 4. LUHS Radiology clinic archive.

A, B and C demonstrate the patient’s MRI scans
of DW sequences with different b values they
show no restriction in nodulus and D - ADC
map with ADC value of solid part of nodulus
calculated 1,3 x 10-3.
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Figure 5. LUHS Radiology clinic view archive

A- Fat suppressed T1_VIBE coronal image before con-
trast injection: white arrows show nodules with measured
SI- 19- 25, B- after 5 min of contrast enhancement (CE)
SI was 77 and C after 15 min SI - 56. Heterogeneous
nodules with solid and cystic parts.

DISCUSSION

The mechanism of the leiomyomas dissemina-
tion is under consideration. It is believed that the
smooth muscle cells spread to distant sites after
uterine extension into pelvic venous channels.
However, in some cases, the uterine leiomyoma
is diagnosed after metastases [4,5]. For the most
part, patients diagnosed with PBML are in their
fifties. The average age of a patient from analyzed
case reports was 47,2 years.

The majority of the PBML patients are asymp-
tomatic, although an investigation of 13 case re-
ports showed that 8 of them complained of pul-
monary symptoms, such as shortness of breath,
cough or chest pain.

The diagnosis of PBML is usually based on find-
ings of multiple nodules in the lungs (rarely a
single node) on routine radiological examination
such as chest X-ray and CT scan. These nodules
can be discovered before hysterectomy or even
three months - 20 years afterward. In a report of
13 analyzed case reports of PBML, this interval
ranged from 1 month to 20 years with a mean
of 9.3 years. 3 out of 13 patients had no history
of hysterectomy or myomectomy. Most impor-
tantly, PBML nodules pose diagnostic ambiguity
mimicking malignant pulmonary metastases es-
pecially on routine X-ray (Figure 1) [4].

Both CT and MRI imaging may be useful in
finding pulmonary nodules in the setting of
PBML (Figure 2; Figure 3). The nodules are usu-
ally 0,2 - 8 cm but can vary in size from a few
millimeters to several centimeters, and the dis-
tribution of these nodules is random. It is worth
mentioning that nodules can regress in size dur-
ing pregnancy or after menopause [6]. The radi-
ologic appearance is well-circumscribed round
lesions; the majority of them are bilateral which
can be misinterpreted incorrectly as malignant
pulmonary metastases. Usually, the nodules have
a homogenous appearance on a CT scan. Typi-
cally these nodules are non-calcified and do not
enhance using i/v contrast agent [1]. In 10 out
of 13 investigated cases, the nodules were multi-
ple and bilateral. One of these cases was multiple
and unilateral. The other two were solitary in one
lung. All of the nodules in X-ray and CT scans
were without calcifications and were described
as round or oval and well-circumscribed.

81



JOURNAL AVAILABLE AT RADIOLOGYUPDATE.ORG

In patients with a history of hysterectomy or
myomectomy due to leiomyoma, even the am-
biguous radiological findings should strongly
suggest PBML.

In the setting of inconclusive imaging findings,
an imaging-guided biopsy can help to confirm
the diagnosis [4]. Pathologically PBML nodules
consist of benign smooth cells similar to uterine
leiomyoma. Usually, estrogen and progesterone
receptors are positive. Pathologists investigated
nodules from all 13 cases. Microscopic examina-
tions revealed a proliferation of the differentiat-
ed spindle cells without nuclear atypia, anaplasia,
necrosis, and neovascularization. The mitotic
index was low. Inflammation was not observed.
Estrogen and progesterone receptors from all
samples were positive. All of these criteria can
help to show the benign process and origin from
the uterus and can be useful in differentiation
from malignant processes.

Our presented case is similar to previously re-
ported cases. Most of the PBML cases were re-
lated to previous myomectomy or hysterectomy
(77 %). Indeed, a previous diagnosis of uterine
leiomyoma may help to point the diagnosis.

The method of choice for the differentiation and
diagnosis of these nodules remains a chest CT
scan. However, taking into account the fact that
this disease affects young women in their repro-
ductive years, the onset of a new era in lung MRI
and sensitivity of proton sequences for nodules
provides with the opportunity to use MRI as an
alternative imaging method.

Macroscopically all of the nodules were ovoid-
shape and well-circumscribed. Because of that,
differentiation with malignant pulmonary me-
tastases was necessary. Diagnoses were con-
firmed by histological examination. Pulmonary
leiomyomas are slow growing nodules. Their
histological pattern is identical to the tissue of
uterine leiomyoma. During microscopic exam-
ination spindle cells appear proliferated, benign,
well-differentiated with a moderate degree of
vascularization, insignificant nuclear atypia, mi-
totic activity, anaplasia, necrosis, vascular inva-
sion. Because the progression of this disease is
closely related to sex hormone levels, it is impor-
tant to find positive estrogen and progesterone
receptors during an immunological examination
of nodules tissue. It reveals the uterine origin [3].
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Actin, desmin, vimentin are immunohistochem-
ical markers that confirm mesenchymal deriva-
tion with smooth muscle differentiation of these
tumors [7].

One of the analyzed cases was misdiagnosed as
pulmonary tuberculosis because of no history
of smoking, no family history of cancer and tu-
berculoma resembling radiological findings. Ac-
cordingly, careful collection of patient history is
the primary method to suspect the right diagno-
sis and avoid unnecessary antibiotics.
Differential diagnosis is complicated because
other types of spindle cell neoplasm such as ma-
lignant melanoma, sarcoma, nerve sheath tumor
should be excluded. Immunostains to demon-
strate smooth muscle is helpful [2].
Additionally, entrapped alveolar or bronchi-
olar epithelium can be found in the metastatic
foci which can sometimes complicate diagnosis
for pathologists. Cavitation and miliary pattern
have been reported as well [8, 9].

Furthermore, positive estrogen and progester-
one receptors aid in understanding other es-
sential aspects of patient medical history. The
doctor should pay attention and consider PBML
diagnosis if a patient is in the premenopausal age
group, obese or uses estrogens [10].

Although PBML is hormone-sensitive and has
a good prognosis is uncommon for this disease
to be related to serious complications, such as
cor pulmonale, respiratory failure, or even fatal
outcomes [7]. The progression of PBML differs
and appears to rely on the status of estrogen in
the patient. The course of the disease is slow, and
patient mortality is not related to the disease in
postmenopausal women, while the progress in
premenopausal women may lead to death [4].

CONCLUSION

Although PBML is a rare condition, it should be
considered for the patients with a history of lei-
omyoma or hysterectomy or myomectomy due
to leiomyomatosis. It is essential seeing as these
findings are often misdiagnosed as malignan-
cy because of ambiguous radiological findings,
such as bilateral and multifocal well-circum-
scribed rounded lesions that vary in size. MRI is
a suitable tool for evaluating these nodules and
ADC value can be useful to differentiate benign
nodules from malignant metastasis.
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ABSTRACT

Background and objective: Chronic liver disease promotes hepatic inflammation and fibrosis. When diagnosing and
treating hepatic diseases such as chronic hepatitis C, it is important to evaluate the degree of liver fibrosis. We aimed
to determine the diagnostic capabilities of shear wave elastography (SWE) in patients with liver disease. Materials and
methods: Hepatic stiffness, size of liver and spleen, portal vein flow velocity, portal vein diameter and flow pattern of
hepatic veins were evaluated in 24 patients with diagnosed liver disease and 15 healthy subjects. All measurements were
performed using the Philips ElastPQ SWE. The hepatic stiffness was expressed in kilopascals (kPa). Results: The mean
liver stiffness value was 4.18+1.15 kPa in the control group and 16.19+12.31 kPa inpatient group (p<0.001). An optimal
SWE cut-off value of 5.51 kPa had predicted 88% sensitivity and 93% specificity for detecting liver fibrosis. The liver
stiffness was positively correlated with the portal vein diameter and the flow pattern of hepatic veins (r=0.4, P<0.008),
no significant correlation between liver stiffness and the size of the liver, spleen and portal vein flow velocity was found.
Conclusions: The liver is stiffer in subjects with diagnosed liver disease than in those who are healthy. The sensitivity
of the SWE is 88%, specificity 93% with a cut-off value of 5.51 kPa. Greater hepatic stiffness is associated with increased
portal vein diameter, monophasic and biphasic flow patterns of hepatic veins.

Keywords: ultrasound; shear wave elastography; liver stiffness; liver fibrosis; cirrhosis

INTRODUCTION dergoing potentially dangerous liver biopsy [4]
and therefore reduce the risk of complications
and medical costs. Measuring liver and spleen
shear wave velocity may help to predict prog-
nosis in patients with liver cirrhosis and portal
hypertension [5]. SWE may be used to evaluate
liver stiffness in patients with chronic hepatitis
C virus infection who received antiviral therapy
and may help to avoid repeating biopsy and add
valuable information about disease progression
[6]. The recent imaging phantom experiment

Based on the latest scientific research, shear
wave elastography (SWE) is a sensitive and
specific diagnostic tool [1] that may become a
standard method in evaluating patients with
chronic liver disease. Currently, liver biopsy is
the most commonly used method in clinical
practice to determine the degree of liver fibro-
sis. However, it is a painful and risky interven-
tion. A first non-invasive method used for liver
stiffness evaluation was transient elastography

(TE), implemented in a FibroScan device. It
is a painless and safe method, but has several
technical limitations: the scan is “blind,” it is not
accurate on patients with ascites and on indi-
viduals who are morbidly obese or have a thick
subcutaneous fat in the abdomen [2].

Newer techniques such as ultrasound-based SWE
show results that correlate with the histological
fibrosis scores [3], so using such non-invasive
methods may reduce the number of patients un-
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showed that observers’ experience levels had lit-
tle impact upon the accuracy of SWE results [7].
Little impact of observers’ experience suggests
that specific training is not needed prior to per-
forming SWE making this method easily imple-
mented into the clinical practice.

This study proves SWE being useful, valuable
and accurate method in measuring liver stiffness
which may help to avoid the liver biopsy and
threatening complications associated with it.
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MATERIALS AND METHODS

The study protocol was approved by the local
institutional ethics committee. Before the start
of the study, written informed consent was ob-
tained from all participants. Between March and
December of 2016, we examined 39 subjects. The
patient group consisted of subjects with diag-
nosed cirrhosis and another liver disease (chol-
ecystitis, steatohepatitis, etc.). The control group
consisted of apparently healthy volunteers.

All measurements were performed using Elast-
PQ SWE on Philips EPIQ 7 ultrasound system.
Scans were conducted by one observer with 30
years of abdominal US experience. The ultraso-
nographer was blinded to the subject’s clinical
data.

Participants were in the supine position. First,
the size of the liver and spleen, portal vein flow
velocity, portal vein diameter and flow pattern of
hepatic veins were evaluated. Next, the liver stiff-
ness of the right hepatic lobe was measured. The
detection site was fixed at least 1.5 cm beneath
the liver capsule, away from the intrahepatic ves-
sels and gallbladder (Figure 1). When the elas-
ticity imaging mode was selected, subjects were
asked to hold the breath at mid-respiration for
3-5 s. When the region of interest (ROI) was
located, the ultrasonographic initiated the SWE
measurement (the median elastic modulus in
kilopascals (kPa) was calculated automatically).
The mean value of 10 consecutive measurements
was used for statistical analysis.

We used the following values proposed by Phil-
lips for staging liver fibrosis: no fibrosis (FO0)
- 2.0-4.5 kPa, normal or mild fibrosis (FO-F1)
- 4.5-5.7 kPa, mild-moderate fibrosis (F2-F3) -
5.7-12.0 kPa and moderate-severe fibrosis (F3-
F4) - 12.0-21.0+ [8].

To determine the diagnostic accuracy of SWE
for the prediction of liver stiffness development
in patients with liver disease, receiver operating
characteristic (ROC) curve analysis was per-
formed. Statistical analysis was performed using
IBM SPSS statistics 24.0 software. Statistical sig-
nificance was defined as p<0.05.

e e

3.26 + 0.94 kPa

Figure 1. The image shows how measurements were
obtained. The quadrangular white box is ROI. The median
stiffness, in this case, is 3.26 kPa.

RESULTS

Ultrasound examination of the abdomen was
used to evaluate liver stiffness, size of the liver
and spleen, portal vein flow velocity, portal vein
diameter and flow pattern of hepatic veins in 39
participants. The baseline characteristics of all
participants are listed in Table 1.

The mean liver stiffness value was 4.18+1.15
kPa and 16.19+12.31 kPa in control and patient
group, respectively (p<0.001). In this study, the
mean liver stiffness values were found to be in-
creased inpatient group compared with the con-
trol group (p<0.001). ROC curve analysis showed
that, with an optimal SWE cut-off value of 5.51
kPa, the predicted sensitivity and specificity for
detecting liver fibrosis is 88% and 93%, respec-
tively (Figure 2).
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Table 1. The main participants’ characteristics and SWE results.

Characteristic Control group (n=15) Patient group (n=24) P Value
Sex (n)! 0.542
Female 6 (40.0) 12 (50.0)

Male 9 (60.0) 12 (50.0)

Age (y)? 52.73 + 11.73 57.21 + 14.42 0.338

! Data are numbers of patients or volunteers with percentages.

2Data are means + standard deviations.

Fibroscan was performed on 3 (12.5 %) partic-
ipants in the patient group. Comparing the di-
agnostic performance of Fibroscan and SWE,
the same stage of hepatic fibrosis was found
in 2 out of 3 participants, in one patient SWE
showed a lower degree of fibrosis (F2-F3) than
Fibroscan (F4).

Liver stiffness was found to be positively corre-

lated with the portal vein diameter and the flow
pattern of hepatic veins (r=0.4, P<0.008). The
analysis showed that SWE is 9.87 kPa higher
than the average value when hepatic vein flow
pattern is biphasic and 12.28 kPa higher when
monophasic. No significant correlation between
liver stiffness and the size of the liver and spleen
or portal vein flow velocity was found.

Figure 2. The performance of ElastPQ for predicting liver fibrosis.
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DISCUSSION

To our knowledge, we were first to use SWE
in the evaluation of liver fibrosis in Lithuania.
When we started our study, we had to obtain ten
measurements to evaluate the stiffness of the liv-
er. At mid-respiration participants were asked to
hold breaths, the measurements were obtained
by placing a small white box (ROI) in the right
lobe of the liver. The method is simplified now
because it's enough to put an ROI box on site
once and obtain all ten measurements within.
This makes the scan much faster and easier to
perform.

One of the limitations of our study was that only a
few patients that we examined underwent Fibro-
scan testing before. There is no database where
the results of TE are registered in our clinic so
we couldn't confidently compare TE and SWE
results. However, TE demonstrated more severe
liver fibrosis than SWE in 1 patient. Based on
a single case, we cannot make any conclusions,
but it may be explained by studies performed on
elasticity phantoms that found TE to be better at
soft and hard tissues comparing with SWE, both
were found equally good at intermediate levels
of elasticity [9]. Another study that compared
ElastPQ (the same SWE method that we used)
and TE results found similar accuracy for stag-
ing liver fibrosis [10].

Comparing SWE and TE, an observer who uses
SWE has more influence on final results as he or
she can exclude several measurements. In con-
trast, the exclusion is not available in Fibroscan
[11]. That may be one of the reasons why the
mean stiffness values in control groups vary in
different studies. The mean liver stiffness value
in our control group was 4.18+1.15 kPa. How-
ever, research with a larger sample found it to be
higher (5.49 + 1.59 kPa). They have also found it
to be higher in men than in women [12]. How-
ever, several studies found it to be less than four
kPa in the control group [13, 14].

The fact that liver stiffness was found to be posi-
tively correlated with the flow pattern of hepatic
veins and the portal vein diameter is not surpris-
ing as liver fibrosis is associated with increased
portal vein diameter and changing of the flow
pattern of hepatic veins into the biphasic and

monophasic as fibrosis progresses. In contrast,
typical hepatic venous waveform shows a tripha-
sic pattern. No association with liver and splenic
size may be explained due to the small sample
and the fact that more than half of the subjects
inpatient group (58.3%) had mild-moderate fi-
brosis or no fibrosis (<12 kPa).

CONCLUSIONS

SWE is a promising method to diagnose liver
fibrosis that has the potential to replace liver bi-
opsy, although more extensive prospective stud-
ies are needed to define the role of SWE in liver
fibrosis staging.
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ABSTRACT

Osteochondromas account for approximately 15% of all bone neoplasms and up to 30-50% of benign bone tumors. In-
tracranial osteochondromas are very uncommon and represent only 0.1-0.3% of all intracranial neoplasms. We report-
ed a 25-year old previously healthy male presented with malaise, paresthesia, and weakness of the right extremities. The
patient was referred to as magnetic resonance imaging (MRI) to confirm the demyelinating disease. Instead of multiple
sclerosis, an extra-axial lesion with hemorrhage was suspected, and the patient was hospitalized. Computer tomography
(CT) showed a well-circumscribed extra-axial lesion with calcification. The patient had an episode of seizures accompa-
nied by severe morning headaches, dizziness, vomiting, and speech disorders. The patient underwent craniotomy with
the excision of the tumor under the control of intraoperative magnetic resonance imaging. Few episodes of Jacksonian
Seizures were observed during the surgery and after the procedure. After the surgery patient remained with only slight
neurological deficits. Follow-up of the patient with clinical examination and imaging studies showed no evidence of

any recurrence.

Keywords: intracranial, osteochondroma, bone tumor, supratentorial

INTRODUCTION

Osteochondroma is a benign neoplasm that aris-
es from mature hyaline cartilage together with
the local ossification center. The tumor itself
grows slowly, although it can reach well-defined,
great sizes [1]. Osteochondromas account for ap-
proximately 15% of all bone neoplasms and up
to 30-50% of benign bone tumors. They usually
occur around the knee or the proximal humer-
us [2]. Osteochondromas often occur sponta-
neously, although there are few reports about
osteochondromas following radiotherapy [3-5].
However, intracranial osteochondromas are very
uncommon and represent only 0.1-0.3% of all
intracranial neoplasms [6]. So far only sporadic
case reports can be found in the literature. Most
of the intracranial osteochondromas arise extra-
durally from the base of mid-skull, although they
may rarely occur from the dura mater of the falx
cerebri 7, 8].

CASE REPORT

A 25-year old previously healthy male present-
ed with malaise, paresthesia, and weakness of

the right extremities. The symptoms first started
half a year ago when he experienced paresthesia
of the right lower extremity. The condition be-
came extremely severe during the last week be-
cause of newly originated paresthesia of the right
arm. The patient was consulted by the general
practitioner and neurologist, and the demyeli-
nating disease was suspected. He was referred
to as magnetic resonance imaging (MRI) at the
“Affidea Lietuva” diagnostic center to confirm
multiple sclerosis. The MRI of the brain showed
brain lesions with a slight midline shift and local
compression features in the left frontoparietal
region (Figure 1). The differentiation involved
arteriovenous malformation and tumor with the
subacute hemorrhage. The patient was hospi-
talized in the Hospital of Lithuanian University
of Health Sciences Kaunas Clinics, department
of neurosurgery. Physical examination revealed
no pathology except for the focal neurological
symptoms. Right-sided hemiparesis with muscle
weakness, impaired ability to walk and instabil-
ity in Romberg’s pose were detected. Later on
computerized tomography (CT) was performed
and showed well-circumscribed extra-axial mass
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lesions with intense calcification. The lesion was
located in the corona radiata of the left frontal
region (Figure 2). The midline structures were
shifted to the right. Differential diagnosis in-
cluded extra-axial tumor (calcified meningioma,
metastasis, sarcoma), intralesional calcified cav-
ernous hemangioma, maybe fibrous dysplasia.
Angiography and electroencephalogram re-
vealed no pathology (Figure 3). The neurosurgi-
cal treatment was delayed at that time because
of subcutaneous infection found in the thigh.
After three months, the patient had his first epi-
sode of seizures following the immediate hospi-
talization. On admission to hospital, the patient
also complained of having severe morning ho-
locranial headaches accompanied by dizziness,
vomiting, and speech disorders. On physical
examination, he was conscious, alert with stable
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vitals, although neurological deficits appeared
to be more severe than three months ago. The
patient underwent craniotomy with the exci-
sion of the tumor under the control of intraop-
erative magnetic resonance imaging (Figure 4).
Although the patient was previously started on
antiepileptic drugs, few episodes of Jacksonian
seizures were observed during the surgery and
after the procedure. The pathohistological diag-
nosis of osteochondroma was given. The patient
felt well at follow-up after the operation. The
improvement of symptoms was seen. However
mild right-sided weakness remained. Antiep-
ileptic treatment with phenobarbital, as well as
follow-up EEG was recommended. The control
MRI taken in the postoperative period of the
patient revealed the total removal of the lesion
(Figure 5).
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Figure 1. Frontal extra-axial lesion: hyperintense lesion
T2W/FLAIR (a) and T1W (b) axial plane; T2W (c)
coronal plane; DW (d) and ADC (e) axial plane revealed
low signal intensity lesion; the absence of arterial (f) and
venous (g) changes in TOF/3D/art and TOF/2D/vein.
The MRI was done at ‘Affidea Lietuva diagnostic center
on the 31 of December 2015.
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Figure 2. CT 2015 12 31 LSMUL KK: CT axial brain window (a, b), bone window (c): calcified lesion with fat inclusion
are seen on the periphery.

Figure 3. Anterior and lateral view of angiography revealed no pathology in both arterial and venous phases.
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Figure 4. Hyperintense lesion was seen on the in-
traoperative MRI T1W axial plane.

Figure 5. The postoperative control MRI (2016/2018). The postoperative cystic gliotic area at the left
frontal lobe: T2W/FLAIR axial (a), T2W coronal (b), T2W/fl2d/hemo axial (c), TIW post c/m, axial,
sagittal (d, e).
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DISCUSSION

Osteochondromas typically occur in the meta-
physeal end of skeletal bones, such as the distal
femur, proximal tibia, and proximal humerus.
Intracranial osteochondromas are seen uncom-
monly. The majority occur from the base of the
skull. Only on rare occasions, they arise from the
duraattached to the falx cerebri in the frontopari-
etal area. Therefore, the localization of the tumor
makes our case unique. Intracranial osteochon-
dromas may arise at any age with the peak inci-
dence in the third decade, as seen in our patient
[9]. Clinical manifestation of the disease mostly
depends on the tumor mass effect and location
[10]. The supratentorial tumor may cause a mass
effect with contralateral midline shift. This may
lead to rapid deterioration of the clinical condi-
tion. Meanwhile, tumors arising from the base
of the skull manifest earlier then supratentorial.
Because of the rare incidence of intracranial os-
teochondromas, the differential diagnosis with
other more commonly found tumors, such as
meningioma becomes essential. CT is the first
choice diagnostic method to investigate neuro-
logic signs or symptoms. This is the reason why
the majority of meningiomas are detected using
CT. Native CT scans usually show from slight-
ly hyperdense to normal brain tissue, and up to
30% of cases have some calcification. Post-con-
trast CT reveals the homogenous enhancement
of contrast material. Osteochondromas that arise
from the convexity dura usually imitate menin-
giomas on MRI [11]. Osteochondromas appear
with the central hypointensity on TIW and T2W
sequences, which can be similar to calcification,
with a slight chance of intratumoral hemorrhage.
Calcifying or ossifying centers can be observed
in meningiomas with metaplastic change. On
rare occasions, meningiomas might also pres-
ent with necrotic and hemorrhagic areas. The
features of meningiomas include more homog-
enous contrast enhancement and the dural tale,
unlike in osteochondromas, which show hetero-
geneous enhancement on contrast. More specific
findings of osteochondromas are the hyperosto-
sis and absence of surrounding edema [9]. Due
to the heterogeneous appearance of the lesion,
the diagnosis of the dermoid tumor should also
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be excluded. Most commonly dermoid tumors
present with signal intensity features similar to
fat. Unlike intracranial lipomas that follow fat
density on all sequences, intracranial dermoid
cysts have various signal characteristics on MRI.
They appear as hyperintense on T1W-weighted
scans and hypointense on T2W scans. Dermoid
tumors and osteochondromas are similar to the
fact that they both may be inhomogeneous. The
heterogeneity of dermoid tumors depends on
the presence of hair follicles, calcifications, and
cellular debris. Rupture of the dermoid tumor
can lead to fat drops in the subarachnoid spac-
es or ventricles, with T1W high signal intensity.
Fat-fluid levels can appear in the lateral ventricles.
Similarly to our case, CT scans of FD show cal-
cified lesion. After contrast administration, en-
hancement is not common, and if present should
be limited to the peripheral edge. Another tumor
that should be ruled out before the diagnosis of
osteochondroma can be confirmed is fibrous
dysplasia (FD). Radiographically, FD usually has
a non-symmetrical ground-glass appearance on
CT scan. 20% of FD cases present with cystic le-
sions. FD merges with skull bone and leads to
the thinning of the cortical bone [12]. Develop-
ing FD might demonstrate a cauliflower-like ap-
pearance, which is more commonly found in os-
teochondromas. Moreover, if the tumor invades
the meninges, vasogenic edema can be found in
the surrounding brain tissue. Although MRI is
not the first choice in diagnosing FD, it can be
sometimes used in unclear cases. TIW and T2W
reveal heterogeneous signal, usually from low to
moderate intensity. Contrasting gives the heter-
ogeneous appearance to the lesion. It is also im-
portant to exclude intracranial metastasis when
considering the origin of the tumor. Although,
brain metastases are often multiple, up to 50%
of cases demonstrate only a single lesion as seen
in our case. The majority of metastatic tumors
appear at the grey-white matter junction or in
the arterial watershed areas. On native CT scans
the mass may be isodense, hypodense or hyper-
dense comparing to normal brain tissue. There
is a different amount of vasogenic edema found
in the surrounding brain tissue. After contrast
material is administrated, punctate, nodular
and intensive enhancement can be observed. If
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the tumor overgrows surrounding vasculature,
a typical sign of ring-enhancing is seen. Mean-
while on MRI scans, metastatic tumors appear as
well-circumscribed, clearly enhancing, extra-ax-
ial, dura based, heterogeneous lesions. T1W typ-
ically reveals iso- to hypointense signal intensity
while T2W and/or FLAIR commonly show hy-
perintense lesions. Similarly to CT after contrast,
an MRI enhancement pattern can be uniform,
punctate, or ring-enhancing, but it is usually in-
tense. On DWI edema is inconsistent with the
size of the tumor and appears dark. While dis-
cussing treatment options, the main treatment of
intracranial osteochondromas is complete surgi-
cal removal of the tumor. Although osteochon-
dromas tend to be benign, there is a slight pos-
sibility of 1% for malignant transformation [13].
The thickness of the cartilage cap seen in MRI
helps to assess the possibility of malignant trans-
formation. Cartilage cap thickness of more than
2 cm indicates the possible malignant change
[14]. Our case represents the sporadic incidence
of osteochondroma. Rarely this tumor occurs as
part of generalized hereditary multiple exostoses
syndrome, which is an autosomal dominant con-
dition. In our case, the tumor was completely re-
moved, and the patient remained with only slight
neurological deficits. Follow-up of the patient
with clinical examination and imaging studies
showed no evidence of any recurrence.

CONCLUSION

The surgical removal of osteochondromas is the
gold standard of treatment. Although intracra-
nial osteochondromas are rare, they should be
involved in the differential diagnosis of intrac-
ranial extraxial neoplasms with a rare form of
calcification. Despite the benign growth pattern
of the tumor, the risk of recurrence should be
closely monitored after the excision.
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