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The role of radiologic imaging in the diagnosis 
of adrenal tumors: a literature review
Ruta Pupalyte1, Algidas Basevicius2

1Faculty of Medicine, Lithuanian University of Health Sciences, Kaunas, Lithuania
2Department 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 
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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-

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)

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]. 

Figure 3. A loss of SI 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)
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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)

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) 
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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 J, 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)
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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 J Radiol Nucl Med 2017; 48: 1065-1071) 



12

JOURNAL AVAILABLE AT RADIOLOGYUPDATE.ORG 

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)
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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 J Nucl Med 2015; 18(2): 97-102)
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Figure 13. Coronal T2W MRI shows a multiloculated cyctic mass (arrows) in the left adrenal gland (A). On contrast-en-
hanced fat-saturated T1W 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)

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. J Ultrasound Med 
2003; 22: 523-526)
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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, 
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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 T1W 
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].

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.
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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 MRI, 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; SII < 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 
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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]. 
Io d i n e - 1 3 1 - m e t a i o d o b e n z y l g u a n i d i n e 
(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 131I-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 

[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 T1W 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 131I-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 T1W 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-

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 SI on MRI T1W images and 
high SI on T2W images is characteristic of adre-
nal lymphoma [178].
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Using CS-MRI, 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.
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Improving patient CT scanning protocols in the 
setting of polytrauma

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
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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 mSv, 
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.

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 × 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 
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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 Qochran’s 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.

Count (n = 103) Injury severity score 
(ISS)

Glasgow coma scale 
(GCS)

Hospitalisation length 
(days)Male Female

82 (79%) 21 (21%) 30.17 (± 15.05) 12.72 (± 3.8) 19.10 (± 21.92)

Table 1. Demographic and injury severity data of the study population. 
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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 0.4
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), 
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)

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

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, Błaż 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: 



34

JOURNAL AVAILABLE AT RADIOLOGYUPDATE.ORG 

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-

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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Neuroimaging of headaches attributed to cranial 
and/or cervical vascular disorders

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. 
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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. 

DWI can be used to distinguishing brain, spinal, 
or retinal ischemia from an acute infarction (25).

HEADACHE ATTRIBUTED TO NON-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/MRV) 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 

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). 
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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-

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 

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 T1W se-
quence and exceptionally high-resolution 3 Tes-
la MRI that includes three-dimensional fat-sup-
pressed T1W 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 

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). 
DWI 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-β 
(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

Pituitary apoplexy (PA) is a potentially life-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 

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). T1W 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; c - 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; c - angiography; d - CT angiog-
raphy 3D reconstruction.
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Figure 4. Arteriovenous malformation, MRI (a - T2W FLAIR axial; b - T2W axial; c - T2W fl2d hemo axial; d - T1W 
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; c - T1W axial; d - T2W fl2 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: c - T1W; d - T2W fl2d hemo; e - T2W 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: c - T2W coronal; d - T2W FLAIR axial; e – TOF).
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Figure 8. CADASIL, MRI (a, b - T2W FLAIR axial; c - T2W coronal).
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Figure 9. Cerebral amyloid angiopathy and encephalopathy, MRI (a - e T2W fl2d hemo axial; f - T2W/FLAIR axial).
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Figure 10. Pituitary apoplexy, MRI (a - T1W 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.

A B
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The value of magnetic resonance imaging in the 
assessment of chemoradiotherapy of cancer of 
cervix uteri

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. 
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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.

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/mm2. ADC 
maps were reconstructed from DW images. The 
third phase consisted of T1W/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 
15 ml / 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-
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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 

chemoradiotherapy was performed in 52 pa-
tients. Patients’ age ranged from 29 to 86 years, 
the average age was 52.9  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.

Figure 1. Patients’ distribution by age groups

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

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

The number of cases with residual tumor tissue 
before treatment was compared with the tumor 
size (largest dimension). 1 out of 8 (12.5 %) re-
sidual tumor was diagnosed within the range of 
1.0-3.0 cm. 5 out of 26 (19.2 %) residual tumor 
was diagnosed within the range of 3.0-5.0 cm. 3 

out of 12 (25.0 %) residual tumor was diagnosed 
within the range of 5.0-7.0 cm. 3 out of 4 (75.0 
%) residual tumor was diagnosed within the 
range of  7.0-9.0 cm. 1 out of 4 (75.0 %) residual 
tumor was diagnosed within the range of  7.0-9.0 
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

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-

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 

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 coefficient (ADC) value 
of nodules, and exclude any malignant process-
es. MRI was performed using 1T Siemens Mag-

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. 

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).



79

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

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.
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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]. 

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

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-

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 
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 (F0) 
– 2.0-4.5 kPa, normal or mild fibrosis (F0-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.

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)1 0.542
Female 6 (40.0) 12 (50.0)
Male 9 (60.0) 12 (50.0)
Age (y)2 52.73 ± 11.73 57.21 ± 14.42 0.338

1 Data are numbers of patients or volunteers with percentages.
2 Data 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-

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

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.
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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.
Funding: This research received no external 
funding. 
Conflicts of Interest: The authors declare no con-
flict of interest. 
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Intracranial osteochondroma: A case report 
with review of literature

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
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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 

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), T1W 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 
dura attached 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 T1W 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 

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. T1W 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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