Dual energy CT in clinical practice – experience from a single centre
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Background
Dual energy computed tomography (DECT) utilises two x-ray tubes of different energy spectra,
typically at 80 kVp and 140 kVp, to simultaneously acquire two sets of image data of the same
anatomical location (1). This technique is able to provide more information on the constituent
materials within a voxel than conventional (single-energy) CT as the two image datasets are
reconstructed and spectral tissue characterisation may then be performed (1). This has the
potential to be useful in clinical imaging.

Virtual Non-Contrast Imaging
Virtual non-contrast (VNC) images are generated by multi-material decomposition, which
subtracts iodine-containing voxels, thereby enhancing the attenuation of water by nulling
iodine attenuation on post-contrast image datasets (5). The use of VNC allows for a reduction
in radiation dose by eliminating the need for a true non-contrast CT. This is useful in all
multi-phase studies that use non-contrast images, e.g. triple phase studies for abdominal
haemorrhage or in assessment of a renal mass.

Virtual Non-Calcium Imaging - Myeloma
DECT has also shown to be useful in detecting non-osteolytic bone marrow infiltration, as
seen in myeloma patients. VNCa images are generated using a three-material (fat, soft tissue
and calcium) decomposition algorithm which subtracts the bone mineral component from the
image dataset (8, 9). Bone marrow infiltration may then be visually assessed by colour-coded
maps while quantitative analysis of infiltration may be performed from the Hounsfield Unit
measurements (8).

Principles
The characterisation of material in DECT is highly dependent on the differences in x-ray
attenuation at different photon energies, which is a result of Compton scatter, coherent scatter
and the photoelectric effect (2). The degree of photoelectric effect increases with atomic
number (1). Therefore, differences in the photoelectric interaction with the inner K shell of
various elements are exploited in DECT to demonstrate spectral contrast for diagnostic
purposes (2).
Different DECT scanner types are available (Fig 1). In a dual-source scanner, the two sources
and detectors are placed almost perpendicularly to each other, with the volume of tissue
scanned simultaneously with high- and low-energy spectra. Alternatives include a singlesource scanner with an x-ray generator that can rapidly alternate between kVp as well as a
layered detector that is able to separate high and low energy photons from a single beam (1).
We use dual source DECT scanners (Siemens SOMATOM Force).
Fig 1. (a) Dual-source DECT with two
source-detector combinations in an
orthogonal arrangement. (b) Singlesource DECT with rapid voltage
switching mechanism. (c) Layered
detector DECT.
Figure reproduced from Forghani &
Mukherji, 2018 (1).

Perfusion Maps (CTPA)
Perfusion maps represent the concentration of iodine using a three-material (iodine, air, soft
tissue) decomposition algorithm (3). The iodine content is derived from the CT numbers at
both energies and the corresponding voxels in the image dataset are then colour-coded to
produce a map showing the distribution of the iodine – a ‘perfusion map’ (3). In the diagnosis
of pulmonary embolism (PE), it has been demonstrated that perfusion maps show good
concordance with ventilation/perfusion scintigraphy (4).
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Fig 3. CT angiogram performed to look for aortic dissection, traditionally performed using a non-contrast CT followed
by an angiogram. (a, b) Using DECT it is possible to generate high fidelity virtual non-contrast images without the
additional non-contrast scan.
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Virtual Non-Calcium Imaging - Gout
In gout, image datasets undergo post-processing with a two-material decomposition
algorithm which distinguishes monosodium urate (MSU) from calcium with soft tissue as the
baseline (6). A virtual non-calcium (VNCa) technique is utilised for detection. As calcium has
a high atomic number, it will attenuate more at higher photon energies than MSU, which has
a low atomic number. This allows for separation and characterisation of the materials, which
can then be colour-coded and overlaid in a multiplanar, three-dimensional volume-rendered
image (6). A recent meta-analysis by Lee et al. reported that the diagnostic accuracy of DECT
for a diagnosis of gout has a pooled sensitivity and specificity of 84.7% and 93.7% respectively,
hence confirming the role of DECT in the diagnosis of gout and its use in distinguishing gout
from other arthritic diseases (7).
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Fig 5. 63 year old female underwent MRI spine, CT skeletal survey and 18F-FDG PET/CT over a 1 month period as part
of work-up for myeloma. (a) MRI spine (sagittal STIR) performed for back pain showed multi-level bone marrow
infiltration consistent with myeloma. (b, c) VNCa DECT reconstructions show widespread bone marrow infiltration,
including in the both femora and pubic bones, left ischium, and multiple vertebral bodies. Note that normal cartilage has
a similar appearance to infiltrated bone marrow but can be delineated by virtue of its location. (d) non-contrast DECT
shows a large lytic lesion in the right femoral neck and further more subtle lytic lesions. (e) 18F-FDG PET/CT shows
concordant uptake within the pelvis.

Conclusions
DECT is emerging as an imaging technique that may reduce noise and radiation dose. Its
widespread clinical applications and useful detection algorithms may render it a popular
addition to routine imaging in future.
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Fig 2. 60 year old female with dypsnoea, persistent tachycardia and a history of glioblastoma multiforme underwent CT
pulmonary angiogram (CTPA) for investigation of PE. (a) Dual energy CTPA shows a filling defect in a subsegmental
pulmonary artery supplying the left lower lobe (arrow). (b) On perfusion maps, generated from DECT source data, a
wedge-shaped perfusion defect is seen in the region supplied by this artery. In addition, a right lower lobe perfusion
defect was seen, corresponding to a previously occult right-sided thrombus.
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Fig 4. 50 year old male with bilateral synovitis and raised urate not responding to oral steroids (a) DECT sagittal
reconstruction of the left hand showing extensive intermediate attenuation material along the flexor tendon sheath of
the middle finger (arrow). (b) After volume surface rendering, the intermediate attenuation material correlates with
diffuse urate crystal deposition, most markedly in the flexor tendon sheath of the left middle and ring fingers and left
carpal tunnel.
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