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Abstract: Dual energy CT (DECT)with image acquisition at two different photon X-ray levels allows
the characterization of a specific tissue or material/elements, the extrapolation of virtual unenhanced and
monoenergetic images, and the quantification of iodine uptake; such special capabilities make the DECT the
perfect technique to support oncological imaging for tumor detection and characterization and treatment
monitoring, while concurrently reducing the dose of radiation and iodine and improving the metal artifact
reduction. Even though its potential in the field of oncology has not been fully explored yet, DECT is
already widely used today thanks to the availability of different CT technologies, such as dual-source, single-
source rapid-switching, single-source sequential, single-source twin-beam and dual-layer technologies.
Moreover DECT technology represents the future of the imaging innovation and it is subject to ongoing
development that increase according its clinical potentiality, in particular in the field of oncology. This
review points out recent state-of-the-art in DECT applications in gland tumors, with special focus on its

potential uses in the field of oncological imaging of endocrine and exocrine glands.
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Introduction

The terms dual-energy CT (DECT) refers to the acquisition
of CT attenuation data deriving from two photon energies,
in this way the attenuation differences between various
materials could provide their characterization (1-4). Despite
the fact that the role of DECT in diagnostic imaging was
described in the late 1970, only in the last years, thanks
to the emerging technologies, it has become possible
to perform two acquisitions almost simultaneously at
different tube voltage, avoiding misregistration artefacts
between the two imaging sets (5,6). Independently of
the technical approach to obtain DECT data (dual-
source, single-source rapid-switching, single-source
sequential, single-source twin-beam and dual-layer), a set
of monochromatic images can be extracted and tissues
characterized through a decomposition algorithm (7).
Furthermore, the increased attenuation of iodine at a low
energy level, close to the k edge of this material (33.2 keV),
improves the identification of vascularised lesions and the
contrast between a hypervascular or hypovascular lesion and
the normally enhancing surrounding parenchyma (7,8-13).
Material decomposition algorithm allows the generation of
additional set of images such as iodine images and virtual
non contrast (VNC) images (14). Iodine specific maps allow
to quantify iodine uptake in each voxel in order to detect
even a little enhancement in a lesion, parenchyma or in the
wall of hollow organs (15-19). Thanks to the new algorithms
VNC images have a contrast to noise ratio (CNR) and
Hounsfield Unit (HU) accuracy similar to true non-contrast
(TNC) ones; in this way, a true scan before administration of
contrast medium can be avoided, reducing the radiation dose
to the patient (7,20,21). These tools have been investigated
in different fields, improving diagnostic possibilities (22,23).
In addiction, the sensitivity of DECT for iodine permits
the reduction of amount and concentration of intravenous
contrast media, since monoenergetic images at lower
keV (ranging from 50 to 70), substantially increase iodine
attenuation and might improve image quality (IQ) if contrast
dose is reduced, finally reducing kidney injuries especially
in oncologic patients (6,7,13). Last but not least DECT,
the use of the high-energy (high keV) monoenergetic data
set can help in streak artifact reduction, that could be a
common eventuality in the CT evaluation of salivary glands
tumour due to metallic dental implants or dental amalgam
or in case of dorsal or lumbar spine stabilization (24,25).
The aim of this work is to provide a comprehensive review
of the application of DECT about tumors of exocrine
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and endocrine glands. We present the following article in
accordance with the NARRATIVE REVIEW reporting
checklist (available at http://dx.doi.org/10.21037/gs-20-543).

Endocrine glands
Adrenal glands

The most common adrenal lesion observed on CT, often
incidentally, is the adenoma (26,27). The frequency of these
lesions in the general population is close to 5% and it is
fundamental to distinguish them from metastatic and other
malignant lesions (26,28).

In this regard, Helck er /. (29), in 2013, identified
retrospectively 51 patients with incidental adrenal lesions in
a cohort of 457 DECT exams of the abdomen, performed
only in the portal venous phase. Forty-eight adrenal lesions
turned out to be benign and 9 malignant.

By using the threshold of 10 HU on VNC images, the
sensitivity, specificity and accuracy for differentiating of
between benign adenomas and malignant lesions were 73 %,
100% and 81% respectively. However many lipid-poor
adenomas showed a density major than 10 HU, making
impossible to distinguish them from malignant lesions.

In 2014, Botsikas er a/. (30) analysed 20 patients with one
or more adrenal lesions, performing DECT scans without
contrast and post contrast, both in the portal and late
phases (15 min). The authors found a significant difference
between HU of adrenal lesions on TNC images and VNC
images calculated from portal venous phase (8.58+15.2 vs.
12.6+14.9 HU) whereas TNC and VNC images derived
from late phase showed no significant difference each other.
The authors concluded that DECT portal phase can be
sufficient for diagnosing an adenoma only in the case of
HU value lower than 10, otherwise a late scan at 15 minutes
should be performed, evaluating the wash-out pattern, for
solving the diagnostic dilemma.

Before, in 2010, Gupta et 4l. (31) investigated 31 patients
with adrenal lesions who underwent DECT scans without
contrast. Twenty of the 31 nodules were classified as lipid-
rich adenomas, 6 as lipid-poor adenomas and 5 as metastatic
lesions. The authors analysed the attenuation changes of
the lesions between 140 and 80 keV and found a significant
difference between all adenomas (mean reduction of
0.4+7.1 HU) and metastatic lesions (mean increase of
9.2+4.3 HU). The authors concluded that a decrease in
attenuation from 140 to 80 keV is indicative of adenoma
with 100% of specificity and positive predictive value but

Gland Surg 2020;9(6):2269-2282 | http://dx.doi.org/10.21037/gs-20-543


http://dx.doi.org/10.21037/gs-20-543

Gland Surgery, Vol 9, No 6 December 2020

Figure 1 Lipid-poor adenoma: incidental adrenal lesion observed
on post-contrast CT images (A,B), was correctly demonstrated
to be an adenoma with VNC images, derived from late phase,
showing HU values lower than 10 (C).

with low sensitivity and negative predictive value (50% and
28% respectively) (Figure I).

Pancreas

Pancreatic ductal adenocarcinoma (PDAC) is the
fourth cause of cancer-related deaths in United States,
with a very low 5-year overall survival (32). Surgical
resection is the only therapeutic option, hence an
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accurate detection, characterization and staging with
CT or MR imaging is essential (33). PDAC is usually
hypovascular, if compared to normal parenchyma, due
to the high percentage of associated desmoplasia and
fibrosis (34). However, on CT, a significant proportion of
focal lesions are slightly hypo- or isodense to the pancreatic
parenchyma, making difficult their detection (35). For this
reason, many studies have investigated the feasibility of
virtual monoenergetic series and iodine maps, in terms of
signal and CNR, in pancreatic cancer evaluation (35-41).
Bhosale et al. (38), in 2015, compared CNR and signal to
noise ratio (SNR) between DECT and 120 kVp CT images
in pancreatic phase, in patients with PDAC. Forty patients
were studied with DECT and 38 with single energy CT.
Monochromatic images were reconstructed at 50, 60, 70
and 80 keV values; Iodine maps provided a significant
higher CNR and SNR for PDAC than any other image
set. Moreover, iodine images were rated as the best for
detecting primary cancer. The 70 keV series and 120 kVp
single energy images were qualitatively judged as the best to
identify tumor extension and vascular invasion, due to lower
noise.

Beer et al. (37), in 2019, analyzed 45 patients with PDAC
who underwent abdominal DECT staging with both
pancreatic parenchymal phase and portal venous phase.
Different quantitative and qualitative parameters were
extracted on virtual monochromatic series. Tumor line-
density analysis revealed the highest contrast difference
between tumor and normal pancreatic tissue at 40 keV
monoenergetic reconstruction. In the same way, 40 keV
monoenergetic images provided the highest CNR and SNR
for PDAC in the pancreatic parenchymal phase. Iodine uptake
of PDAC was significantly lower than normal pancreatic
tissue, both in pancreatic phase and portal venous phase
(2.0£1.1 vs. 4.8£1.3 mg/dL and 2.1x1.1 vs. 4.4+1.0 mg/dL,
respectively). Subjective image quality was assessed
using a 5-point Likert scale and 40-50 keV images were
considered the best for evaluating PDAC. El Kayal ez al. (35),
in 2019, analyzed 61 patients with pancreatic lesions of
different origins, who underwent DECT scans in portal
venous phase. The authors found that lesion conspicuity
was significantly higher on monoenergetic images at 40 keV,
iodine density and iodine overlay reconstructions. Subjective
analysis revealed a significantly higher lesion conspicuity
and reader confidence using monoenergetic images at low
keV levels, if compared to polychromatic images. Low keV
series even detect small lesions with only little contrast to
the surrounding pancreatic tissue. However quantitative
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data still did not allow a confident discrimination between
PDAC and other hypodense lesions. Chu et 4/. found that
iodine images were helpful in determining the solid or
cystic nature of a lesion, improving also the evaluation of
relationships between tumor, main pancreatic duct and
vessels (42). Considering pancreatic lesions different from
PDAC, virtual monoenergetic images and iodine maps may
better indicate the complexity of cystic lesions (39,43,44).
DECT has been also investigated for the differentiation of
serous and mucinous cysts. A iodine density >0.325 mg-mL™"'
in the arterial phase was found to be predictive of mucinous

cystic neoplasm with an AUC of 0.68 (36).

Ovary
Only a few works have investigated DECT for diagnosing

ovarian cancer. This neoplasia is the most lethal among
pelvic cancers and more than 60% of patients already
present metastatic peritoneal spread at the time of diagnosis
(45,46). Imaging plays a fundamental role both in the
ovarian lesion characterization and in the definition of
peritoneal spread (47,48) Pang et al. (49) analyzed 22
patients with suspected ovarian tumors. An unenhanced
scan was followed by post-contrast arterial and venous
phases. Monochromatic images were reconstructed.
Then HU at 40 keV, iodine concentration (IC) and water
concentration were measured into the most homogeneous
solid area of the lesion. HU curve slope between 40 and 100
keV was calculated. At final pathology 11 lesions proved
to be malignant and 11 benign. Among the malignant
lesions, 3 were serous adenocarcinomas, 3 mucinous
adenocarcinomas, 3 mixed cystadenocarcinomas and 2
metastatic tumors. The benign group included 2 fibromas,
3 serous cystadenomas, 5 mucinous cystadenomas and 1
sclerosing stromal tumor. A statistical significant difference
in HU at 40 keV and IC was found between malignant and
benign lesions; in particular values were higher in the first
group. In the arterial phase the best parameter was IC (AUC
of 0.90, sensitivity 88.9%, specificity 94.7 %, threshold value
1.09 mg/dL). No significant difference was found in water
concentration. The higher IC within malignant tumors
reflected neovascularization phenomena with tortuous
vessels and arteriovenous fistulas (50,51).

DECT seems to be helpful for differentiating simple
cysts from cystic tumors, given the increased conspicuity
of cyst wall and septa at low keV images. In metastatic
patients, low keV images improve the visualization of
peritoneal carcinomatosis and in particular of perisplenic,
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perihepatic and subdiaphragmatic peritoneal implants (52)
(Figure 2).

Thymus

DECT has been investigated for the diagnosis of suspected
neoplastic lesions in thymic lodge. Yan et 4/. (53), in 2018,
analyzed 57 patients with low-risk thymoma (n=16), high-
risk thymoma (n=15), thymic carcinoma (n=14), and thymic
lymphoma (n=12). All the DECT exams of the thorax
were performed in arterial and venous phases. In post-
production virtual monoenergetic series and iodine maps
were generated. Iodine-related HU value in the venous
phase showed the best accuracy in differentiating low-risk
thymomas from high- risk thymomas or thymic carcinoma
(AUC of 0.893, 75.0% sensitivity, 89.7% specificity at the
cutoff value of 34.3 HU). In the venous phase IC showed
the best accuracy in differentiating low-risk thymomas from
thymic lymphoma (AUC of 0.969, 87.5% sensitivity, 100%
specificity at the cutoff value of 1.25 mg/mL).

Few years before, in 2016, Chang er 4/. (54) investigated
the possibility of DECT in differentiating low-risk
thymoma from high-risk thymoma and thymic carcinomas.
At final histopathology 23 tumors proved to be low-risk
thymomas, 5 high-risk thymomas and 9 thymic carcinomas.
Todine-related HU and IC were significantly different
between low-risk thymomas, high-risk thymomas and
thymic carcinomas (median: 29.78 vs. 14.55 vs. 19.95 HU,
P=0.001 and 1.92 vs. 0.99 vs. 1.18 mg/mL, P<0.001,
respectively).

Even though the significant results of DECT quantitative
parameters, it is fundamental to take into account qualitative
features for differential diagnosis: lymphadenopathies are
not usually associated with low and high risk thymoma
whereas they are visible in a low percentage (about
20%) of thymic carcinomas (53,55). Moreover low-risk
thymomas have smooth or lobulated boundaries whereas
thymic carcinomas have irregular contours in a significant
percentage of cases (54). Metastases can be present in case
of high-risk thymoma and thymic carcinoma and the pleura
is the most common site (55,56). In these patients, pleura
and diaphragmatic pillars should be attentively analyzed in
order to avoid to underreport metastatic pleural lesions or
mistake them for pleural plaques (56-60). DECT may be
integrated with texture analysis and CT perfusion, which
are promising for grading and staging neoplasms (61-68).
MRI should be performed for characterizing a thymic
lesion only in selected cases, such as the distinction between
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Figure 2 In a 63-year-old patient with ovarian cancer and peritoneal carcinomatosis (A,B), DECT images (C,D) are helpful for detecting

a peritoneal implant in rectouterine pouch, thanks to the increased conspicuity at low keV images. In metastatic patients, low keV images

improve the visualization of peritoneal carcinomatosis especially in cases without free peritoneal fluid.

a small thymic neoplasm and an atypical thymic hyperplasia,
exploiting dual gradient-echo in-phase and opposed-phase
sequences. MR lymphangiography may be used in the
suspicion of a lesion of lymphatic origin (69-73).

Thyroid

Thyroid cancer is the most commonly diagnosed cancer
in young women; it has shown a significant increase in
the United States, Canada, Sweden, and Britain in the last
decade, mainly due to environmental factors (74). Although
thyroid cancer is one of the most curable malignancies
at early stages and only a few nodules are malignant
(about 5-7%), differential diagnosis can be a challenge
for ultrasonography and fine needle aspiration biopsy, the
latter considered as the tool of choice for the diagnosis
(75-79). DECT has been investigated in some works for
characterizing thyroid nodules; this technique can evaluate
at the same time the extension to adjacent structures and
lymph nodes in case of malignancy (80).

© Gland Surgery. All rights reserved.

In 2015, Li er al. (80) analyzed 122 thyroid nodules. All
the patients underwent CT scans of the neck in GSI mode
with the fast tube voltage switching between 80 kVp and
140 kVp. A CT scan without contrast was followed by post
contrast scans. An automatic trigger software, SmartPrep,
was employed to determine the time for the arterial and
venous phase. For each nodule, both endogenous IC in
the scan without contrast and exogenous IC after contrast
medium injection were recorded. Moreover, in post-
contrast phases, exogenous IC was normalized to IC
of common carotid artery (iodine ratio). Eighty-seven
nodules proved to be benign and 35 malignant: 27 papillary
carcinomas; 1 medullary carcinoma; 4 poorly differentiated
carcinomas; 2 anaplastic carcinomas; 1 metastatic squamous
cell carcinoma.

In the scans without contrast endogenous IC was
significantly lower in the malignant group than in the
benign (AUC 0.7, optimal threshold 0.68 mg/mL,
sensitivity 74.3% and specificity 66.7%). No significant
differences were found between benign and malignant
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nodules in arterial phase. In venous phase, iodine ratio of
malignant group was significantly lower than benign (AUC
0.88, threshold 0.38, sensitivity 76.9%, specificity 80%).
Multivariate analysis considering solitary morphological
pattern, irregular margin, presence of calcification and
edge interruption determined an AUC of 0.87, sensitivity
77.1% and specificity 84.5% for non-contrast phase and
0.94, sensitivity 84.6%, specificity 88% for venous phase,
in distinguishing malignant from benign lesions. The lower
iodine concentration in thyroid cancer can be explain by the
disappearance of almost normal follicular cells, which are
replaced by cancer cells, unable to uptake iodine.

In 2016, Gao et al. (81) analyzed 26 malignant and 33
benign nodules. The authors performed a pre-contrast scan
and one post-contrast scan by using the same machine of
Li et al. (80). Similarly, they found a significant difference
between malignant and benign nodules in the scans without
contrast (AUC 0.95, threshold 0.67 mg/ml, sensitivity
92.3%, specificity 88.5%). On the contrary they found a
significant higher iodine concentration in malignant nodules
than in benign, in the post contrast scans; however the
timing of post-contrast phase was not specified. Recently,
in 2018, Lee et al. (82) enrolled 76 thyroid nodules (46
papillary carcinomas, 17 benign and 13 cysts). CT scans
were performed only in the arterial phase (fixed delay of
40 sec) by using a single source, dual-layer detector DECT.
The authors found a significant lower iodine ratio (between
the nodule and the normal parenchyma) in malignant than
in benign nodules. DECT has been also investigated to
evaluate metastasis to cervical lymph nodes in papillary
thyroid cancer with encouraging results. Liu ez 4/. (83), in
2015, analyzed 45 patients (21 cases of papillary cancer and
24 benign diseases) with a total of 175 lymph nodes (63
metastatic, 54 excised benign and 58 unexcised benign). The
exams were acquired by using a rapid kVp switching mode,
in three phases: unenhanced, arterial and venous phase. The
slope of the HU attenuation curve of each lymph node was
calculated as the difference between the CT value at 40 keV
and that at 70 keV divided by the energy difference. IC of
each lymph node was normalized to that of left common
carotid artery.

No significant difference in DECT parameters was found
between benign and metastatic lymph nodes on unenhanced
images. The mean arterial and venous HU slope and IC
were significantly different between benign and metastatic
lymph nodes, with the highest accuracy for HU slope in
the venous phase (a threshold of >5.10 identifies malignant
lymph nodes with a sensitivity of 62% and specificity of
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91.1%, AUC of 0.791). Moreover the combination of HU
slope in the venous phase and normalized IC in arterial
phase reaches an AUC of 0.811.

The higher HU slope and IC of metastatic lymph nodes
can be explained by the increase in the number of blood

vessels and change in vascular pattern tumor-associated
(84,85).

Parathyroid

DECT has been investigated for localizing a parathyroid
adenoma in patients with the suspicion of primary
hyperparathyroidism. Seyednejad et al. (85), in 2016,
compared the two imaging modalities commonly used for
preoperative identification of parathyroid tumor (PT),
ultrasound and technetium-99m sestamibi imaging with
single photon emission CT, with DECT. DECT exams
were performed, before and after administration of contrast
medium. The non-contrast phase was considered useful
in trying to distinguish between a PT and thyroid gland,
since the tumor does not contain iodine, in contrast to
thyroid gland; images were reconstructed at 50 keV, closer
to the K-edge of iodine, in order to optimize attenuation
difference between thyroid tissue and PT. The post contrast
phase was chosen in order to emphasize the attenuation
difference between PT; thyroid gland and adjacent lymph
nodes (86,87).

On post contrast DECT images, PT was defined by the
presence of a lesion enhancing greater than the muscle,
with an attenuation lower than thyroid gland on non-
contrast images, both in a typical or ectopic location. The
final population was composed of 21 patients with 18
cases of solitary adenoma, 4 cases of double adenoma and
a single case of parathyroid hyperplasia. The accuracy of
each preoperative imaging modality, based on postoperative
histopathology was: 58% for US, 75% for CT-MIBI and
75% for DECT (86).

In 2015, Roskies er al. (88) investigated 29 patients with
primary hyperparathyroidism and non-localized parathyroid
adenoma. The scans were performed after the injection of
contrast medium with a delay of 25, 55 and 85 sec. Images
were reconstructed into virtual monoenergetic series, ranging
from 140 to 40 keV. Potential adenomas were identified on
the basis of qualitative features, such as location, presence of
a fat plane between the adenoma and thyroid, size, shape and
polar arteries. Quantitative DECT features were analyzed.
Virtual unenhanced images were not found helpful since
the intrinsic iodine content of the thyroid gland is also
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suppressed, making difficult to distinguish the adenoma from
thyroid gland. A significant difference was found between
lymph nodes and adenomas attenuation at low energies on
the arterial phase (delay of 25 sec) whereas no significant
difference was found in the other phases. In particular, most
adenomas showed a strong enhancement in arterial phase
with a fast washout pattern (88).

Exocrine glands
Mammary gland

DECT has been investigated for evaluating breast cancer
in some recent works, given that invasive neoplastic
lesions are usually hypervascular compared to the normal
parenchyma, with a significant iodine uptake (89-92). The
advantage of DECT, if it proved reliable for local staging,
would be the possibility to assess primary breast lesions
and search for distant metastases, by performing a single
diagnostic examination. Among the disadvantages it should
be remembered the radiation dose, that can be high in case
of multiple post-contrast phases, and the low accuracy for
evaluating carcinomas in situ, if compared to MR (93,94).
Metin et al. (92), in 2019, investigated the role of
this technique for improving conspicuity of primary
breast cancers. The authors analyzed 29 patients with
39 histopathologically proven breast tumors. The exams
were performed in a single post-contrast phase (50 sec
after contrast agent injection). Readers visually graded the
conspicuity of lesions on virtual monochromatic images.
Subjective score proved the highest conspicuity of breast
lesions at 40 keV and quantitative parameters confirmed this
result. Moon et al. (89), in 2019, tried to correlate tumor
conspicuity on low virtual monoenergetic images with
prognostic biomarkers in 64 patients with breast cancers.
The exams were performed on a dual-layer spectral detector
CT in arterial and delayed phase (90 sec after contrast
medium injection). The authors found that conspicuity
score and attenuation values of cancers in delayed phase
were significantly higher to that on arterial phase with
an AUC for distinguishing cancers from other lesions of
0.817. However, conspicuity score and attenuation values
were significantly higher on arterial phase in tumors
with high histologic grade, ER negativity, PR negativity,
HER 2 positivity and Ki67 positivity. On the contrary,
no significant difference was found on delayed phase
between low and high risk tumors, probably because the
arterial phase best reflects difference in neovascularization

© Gland Surgery. All rights reserved.

2275

phenomena. Similarly, Okada er a/. (91) evaluated breast
cancer conspicuity on virtual monoenergetic images;
however the series were reconstructed also by using a new
algorithm (Monoenergetic Plus), that seems to reduce the
increased noise in low keV images. Forty-two patients
underwent contrast-enhanced CT by using a dual-source
scanner with pre and post contrast scans (40, 90, 120 and
150 sec after contrast medium injection) for a total of 5
phases. In all images series, CNR was highest at 40 keV, by
using Monoenergetic Plus. However, the images at 50 keV
reconstructed with Monoenergetic Plus were defined the
most clinically useful considering the overall image quality.
It should be noted the unjustifiable high radiation dose
derived from the multiple scans and that the authors did not
specify the peak enhancement phase used for quantitative
measures.

Inoue ez 4l. (90), in 2020, enrolled 28 patients with breast
cancer. The exams were performed with a dual-layer CT in
a single post-contrast phase (70 sec from contrast medium
injection). The authors compared CT attenuation values,
image noise and CNR between virtual monoenergetic
images and conventional CT images. They found that
breast cancer attenuation increased as the energy level
decreased and similarly image noise increased as the energy
level decreased. CNR of 40 keV images was significantly
higher than those of conventional images, demonstrating
the superiority of DECT in evaluating primary breast
cancer.

Volterrani et al. (93) analysed 64 breast cancer lesions
in 31 patients, investigating the possibility of DECT
for local staging and identifying tumor lesions, trying
to distinguish different histotypes. All the exams were
performed with a 64-slice scanner in post contrast late
arterial phase (45-50 sec from contrast medium injection).
Virtual monochromatic images were reconstructed at
40 and 70 keV and iodine maps were generated. DECT
identified 67 hypervascular lesions (all the invasive cancers,
8 of 10 carcinomas in situ and 5 nonmalignant lesions)
versus 64 tumor lesions on histology. T category was
correctly identified in 85% of cases. Iodine maps proved to
be the best series for differentiating tumor histotypes. In
particular lesion IC showed an AUC of 0.968 (sensitivity
94.9%, specificity 93.0%, threshold >1.70 mg/mL)
for distinguishing invasive cancers from other lesions. The
ratio between iodine concentration of breast lesions and
normal breast parenchyma showed that a threshold >6.13
was the best for distinguishing invasive ductal carcinoma
from other lesions (sensitivity, 87.0%; specificity, 81.1%;
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69.7 mm (2D)

Figure 3 Seventy-cight-year-old patient with lobular carcinoma of left breast with a metastatic left axillary limphonodes (A,B,C,D,E). As

you can see from the scatterplot (F), the concentration of iodine in breast lesions outlined with blue ROI and in the metastatic lymphonode

marked with red ROI, are overlapping while a heathy lymphonode in the right axilla, marked with yellow ROI shows a different distribution

of iodine.

AUC value, 0.914).

DECT has been exploited in the attempt to identify
the status of axillary sentinel lymph nodes (SLNGs). In fact,
imaging characterization of SLNs would be desirable for
treatment planning and decision making, reducing the risk
of post-surgical lymphedema derived from node biopsy
(95,96).

In this regard, Zhang et al. (97) analysed 193 patients,
who underwent dual-phase post-contrast DECT, by using
a 64 multidetector row CT. The exams were performed
in arterial and venous phases. Two readers analysed
morphologic and quantitative DECT parameters of lymph
nodes, such as IC and HU slope of spectral curve between
70 and 40 keV. Parameters were also normalized to that
of the aorta in each phase. At histopathological analysis
55 SLNs proved to be metastatic and 138 benign. Among
the morphologic criteria, the highest accuracy (81%) was
achieved by the cortex status of lymph node (abnormal vs.
normal), with a high specificity (93.6%) but with a very low
sensitivity (31%) and an AUC of 0.62.

Among the quantitative parameters, arterial and venous
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phase HU slope and normalized IC of metastatic SLNs
were significantly higher than those of benign SLNs. The
HU slope in venous phase showed the highest diagnostic
accuracy (90.5%, sensitivity 66%, specificity 97.7%, AUC
of 0.88). Therefore dual-energy CT seems promising for
preoperative identification of pathological SLNs in breast
cancer patients (Figure 3).

Salivary glands

Differential diagnosis between benign and malignant
tumors of salivary glands is a diagnostic challenge that
strongly influences the surgical approach (98,99). In
numerous studies, multiphase contrast-enhanced CT has
been described to be reliable for diagnosing parotid tumors,
even if the radiation dose is very high (100-102).

In the CT evaluation of salivary glands tumour DECT
has numerous advantages: (I) differential diagnosis between
benign and malignant lesions (complete lack of iodine
in a parotid suggests the diagnosis of a cyst and further
confirmatory ultrasound examination may be avoided);
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Figure 4 Sixty-five-year-old patient with a left parotid gland tumour. At conventional CT image (A), the tumours’ margins are not clearly

delineated; DECT image (B) allows a better visualisation of the tumour, inseparable from the left masseter muscle.

(II) improvement of detection of benign salivary gland
tumours, by utilization of the low-energy monoenergetic
images (pleomorphic adenomas may not be appreciated
on contrast-enhanced conventional CT owing to poor
enhancement and overall low density of the parotid gland);
(IIT) reduction of streak artefacts that could often cause
an image degradation in CT of the head and neck due to
metallic dental implants and dental amalgam used for filling
up the dental caries that is composed of metal. These streak
artefacts often extend to the salivary glands could cause
suboptimal evaluation, however since they result from
photon starvation (less number of photons reaching the
detector), utilization of the high-energy data set could help
in streak artefact reduction. The same data set of images
could allow a better evaluation of enhancing tumour with
intracranial spread via the skull base foramina thanks to the
reduction of artefacts deriving from bony skull.

Li et al. (103), in 2018, investigated 50 patients
with suspected parotid tumours, who underwent post-
contrast DECT with a scan delay of 45 sec from contrast
medium injection. Finally, 53 tumours were confirmed at
histopathological analysis: 12 pleomorphic adenomas (PAs),
24 Warthin tumours (W'Ts) and 16 malignant tumours
(MTs). Monochromatic images, water and iodine maps were
reviewed and quantitative DECT parameters (iodine and
water concentration, slope of HU between 100 and 40 keV)
were measured. IC was also normalized to common carotid
artery. Significant differences were found between the 3

© Gland Surgery. All rights reserved.

groups of tumours; in particular all the parameters were
highest in W7T5s, followed by M'Ts and PAs. The optimal
thresholds of IC, normalized IC and HU slope were
1.46 mg/mL, 0.20 and 1.72 for distinguishing W'Ts from
MTs with a sensitivity of 91.7%, 95.8% and 91.7%, and a
specificity of 89.3%, 85.7% and 89.3%, respectively. The
corresponding threshold for distinguishing MTs from
PAs were 0.91 mg/mL, 0.15 and 1.09 with a sensitivity of
91.7%, 91.7%, 91.7% and specificity of 95.0%, 85.0%
and 95.0%, respectively. These findings can be explained
by the high hypervascularization with leaky blood vessels
inside WT (104), whereas PA is the less vascularized
neoplasia because of the high content of mucus and few
blood vessels. M'Ts show mostly peripheral phenomena
of immature neovascularization, therefore quantitative
DECT parameters proved to be intermediated between
W5 and Pas. DECT is also used in radiotherapy treatment
planning and in the evaluation after surgical or radiotherapy
treatment (105) (Figure 4).

Conclusion

DECT provides helpful diagnostic tools for imaging gland
tumours, without an additional or even lower radiation dose,
compared to conventional CT. Low monochromatic images
and iodine maps improve neoplastic lesion detection and
conspicuity. Quantitative parameters, such as IC and HU
slope, are extremely promising for lesion characterization,
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differential diagnosis and evaluation of response to treatment.
Furthermore the sensitivity of DECT for iodine permits the
reduction of amount and concentration of intravenous contrast
media, particularly useful in patients at risk of contrast-induced
nephropathy; finally the use of the high-energy (high keV)
data set can help in streak and bony artefact reduction.
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