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Introduction

Dual-energy CT (DECT) imaging has proven to be useful in the stroke
setting, capable of differentiating residual iodinated contrast and
hemorrhagic blood. lodine maps enhance iodine and suppress blood. Virtual
non-contrast images suppress iodine and enhance blood products. However,
from our experience, blood may be misidentified (or not detected) by DECT,
particularly when microhemorrhage is involved.

Purpose: To optimize the DECT stroke protocol in order to improve
detectability of hemorrhages in stroke patients, including those with
microhemorrhaging. DECT protocols are sensitive to the effective energy of
the spectra utilized. Since the vendor-recommended DECT protocols were
the same for two CT scanners with different filtration, we sought to identify
optimal settings specific to head imaging and the specific scanner used.

A Gammex multi-energy CT phantom (Model 1472) with stroke-
mimicking materials was scanned in a single source sequential DECT scanner
(Canon Aquilion ONE Genesis) with the clinical DECT head protocol
(CTDI,,; =54 mGy). lodine maps and VNC images were post-processed
with the vendor-recommended and optimized stroke protocols. To create
the optimized iodine maps and VNCs, the input of two virtual
monochromatic images (VMI) with equivalent 135-kVp and 80-kVp soft
tissue Hounsfield Units (HU) was required. These were identified as follows:
1. VMIs were reconstructed over a range of 35-135 keV.

2. By least squares optimization (LSO), soft-tissue-equivalent VMIs were

identified (Equation 1, Table 1).

. The iodine contrast slope was measured for the optimized VMIs.

. Adipose tissue and grey matter HUs were measured in the VMls.

. Pixel values from the high- and low-energy data sets were plotted for
both the vendor-recommend and optimized soft tissue/fat line.

Next, a comparison of the vendor-recommended and optimized protocol
was performed:

. lodine and VNC images were reconstructed with the vendor-
recommended and the optimized settings.

. The enhancement of inserts mimicking iodine, acute and chronic blood
was measured in iodine maps and VNCs.

. Contrast-to-noise ratios were calculated for the iodine map and VNC
images created from vendor-recommended and optimized settings
(Equation 2) for several different background materials (grey, white
matter, blood, and iodine).

Table 1. Materials mimicking tissues in stroke imaging used in
the LSO equation.
Solid Water
Blood (40,70)
Adipose
Grey Matter
White Matter

LSO = Z(CT Number‘VMI —CT NumberSECT)Z Equation 1

Imaterial_ROIbackground Equation 2

CNR = 22

Obackground

Phantom Measurements:

* The optimized VMIs were identified as 71 keV and 57 keV, whereas the vendor-recommended VMIs were 66
keV and 52 keV. The optimized VMI contrast slope changed from 0.55 to 0.59 (Table 2).

Pixel values from the high- and low-energy data sets were plotted for the vendor-recommend (dashed) and
optimized (solid) fat-soft tissue line and contrast slope. Yellow labels indicate the optimized coordinates for
the two materials of the fat-grey matter line (Figure 1). Note, the second material of the three-material
decomposition algorithm was changed from soft tissue to gray matter. With the selection of grey matter,
Blood 40-HU falls above the fat-soft tissue line coordinates rather than within the coordinates. The selection
of gray matter may improve the identification, or detection, of Blood 40-HU.

lodine enhancement on the optimized-iodine map decreased on average by 20 HU, but iodine 0.2 mg I/mL
remained detectable (7.84 HU). While the Blood 70 (acute blood) and Blood 40 (chronic blood) inserts were
enhanced in the vendor-iodine map (15 and 5 HU, respectively), neither blood insert enhanced with the
optimized-iodine map (0 HU) (Figure 2A).

Acute and chronic blood HU increased in the optimized-VNC by 2.94 and 11.71 HU, respectively. lodine HUs
increased for concentrations below 2 mg I/mL, but remained below and well-differentiated from Blood-40
(A29 HU), grey matter (A17 HU), and white matter (A18 HU) (Figure 2B) for all iodine concentrations.
Compared to vendor-iodine maps, optimized-iodine map CNR increased for iodine relative to grey matter,
white matter and Blood-40. Since Blood-70 was suppressed to 0 HU (c=0), the CNR was undefined (Figure
3A).

Optimized-VNC CNRs between blood and white matter decreased, but increased for blood and grey matter
(Figure 3B). Optimized-VNC blood with respect to iodine CNRs decreased with the exception of 5 mg I/mL.

Clinical Case:

* In one clinical case read by a neuroradiologist (Figure 4), micronemorrhaging was detected in the SWI MR
and enhanced more in the optimized-VNC than in the vendor-VNC. An image quality assessment with the
neuroradiologist was performed for this clinical case. In comparison to the vendor-VNC, the optimized-VNC
had greater contrast, improved gyri delineation and improved differentiation between grey and white
matter. However, according to the neuroradiologist, one limitation was noise amplification in the optimized-
VNC.

D. Vendor-VNC E. Optimized-UNC
Clinical case where a) SWI MRl indicates microhemorrhaging by orange arrow. Both b-c) iodine maps show iodine enhancement. However,
the d) vendor-VNC has light enhancement which was not classified as microhemorrhaging during interpretation. The e) optimized-VNC
shows enhancement by orange arrow due to microhemorrhagic content as dictated by a neuroradiologist.

Conclusions
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Three-material decomposition algorithm vendor-recommended and
optimized-LSO settings for DECT stroke imaging.
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B.
CT numbers of tissue-mimicking materials relevant to stroke imaging in vendor-and
optimized- a) iodine maps and b) VNC images.
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CNRs in vendor- and optimized-in a) iodine maps and b) VNC images.

DECT vendor-recommended stroke protocols may need optimization for specific clinical tasks such as for microhemorrhage detection. This phantom study optimized the stroke

protocol and increased blood enhancement in the VNC in the phantom measurements and clinical case.

Impact: Imaging of microhemorrhaging has been an incidental finding, where only 50% of microbleeds are diagnosed with optimized SWI MRI imaging due to the small 5-10-
mm lesion size and iron composition!. Microhemorrhaging has been found to contribute to greater long-term disability in comparison to other clinical findings in patients with
nonaccidental trauma?. Cerebral microhemorrhages are also recognized to have diagnostic and prognostic implications3. Therefore, early onset detection of micrchemorrhage

may aid in proper care of patients, which may improve the patient’s overall neurologic outcome.

Limitations: The enhancement shown in the new VNC clinical case may be an effect of increased enhancement of pixels surrounding the iodinated contrast region. Future work
will analyze a greater patient sample size to identify the sensitivity, specificity and false positive rate of the new optimized VNC in comparison to SWI MRI.
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