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Introduction

Photon-counting CT (PCCT) records individual X-ray photons and sorts them
into energy bins, enabling simultaneous multi-energy acquisition and routine
reconstruction of virtual monoenergetic images (VMIs) from 40-190 keV 1n a
single scan'2. VMIs are increasingly used for quantitative tasks such as 1odine
contrast assessment and calcification characterization, where the reported
Hounsfield unit (HU) 1s treated as a stable, energy-specific quantitys.

Low-keV VMIs boost 10dine and soft-tissue contrast, while higher-keV VMIs
suppress beam-hardening and metal/calcium blooming. However, VMI HU
accuracy 1s known to depend on patient size and material density: prior work
has shown PCCT can underestimate 40 keV HU for dense materials in large-
habitus phantoms2+. Because attenuation, beam-hardening, and scatter all scale
with object size, residual size-dependent HU bias may persist even with PCCT
and vary systematically with the selected energy.

Purpose

To quantify the energy-dependent effect of phantom size on monoenergetic
HU for high-density materials relevant to contrast and calcification
assessment 1n PCCT, and to 1dentify VMI energies that minimize size-related
HU bias for quantitative tasks.

Materials & Method

Scanner & phantom: A high-density insert module in a multi-energy
phantom (Gammex) was scanned on a Siemens NAEOTOM Alpha PCCT.

Sizes: Two habitus configurations, 20 cm (small) and 40 cm (large), to bracket
clinical patient size.

VMlIs: Reconstructed from 40-190 keV
Reconstruction (QIR3).

Materials: Iodine (4 & 5 mg/mL), 1odine+blood, gadolinium,
calcium/calcification surrogates (CaCOs, cortical & inner bone, calcium),
water, and background.

using Quantum Iterative

Analysis: Mean HU measured with consistent ROIs at each energy. Size
dependence quantified as AHU
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= HU,,,, — HU,,, versus energy.

Figure 1. CT 1images showing the arrangement of the rods in 20 cm and 40 cm
phantoms.
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Results

Phantom-size dependence of monoenergetic HU was strongly energy
dependent and, for several materials, changed sign across the VMI range.

Low keV (40 keV): AHU_, was positive and largest for gadolintum (+43 HU)
and cortical bone (+37 HU), with smaller positive bias for 1odine (+20 HU)

and water (+13 HU).

High keV (190 keV): bias decreased and became negative for gadolinium
(—16 HU), 10dine (—9 HU) and water (—9 HU); background bias was small (—3
HU).
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Figure 2. (A) Contrast agents & references — monoenergetic HU vs keV for

20 cm and 40 cm phantoms (10dine, 1odine+blood, Gd, water, background).
(B) Bone/calcification surrogates (CaCQOs, cortical/inner bone, calcium) — HU vs

keV for 20 cm and 40 cm phantoms.

(C) (D)

High-density module: phantom-size dependence across keV High-density module: iodine sensitivity vs keV (5-4 mg/mL)
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Figure 3 : (C) . Size dependence AHU (40—20 cm) across keV. Curves
approach/cross zero near 60—80 keV; cortical bone stays positive.

(D) Iodine sensitivity (Is—Is« HU per mg/mL) vs keV; near-identical for 20 cm and 40
cm.

Results (cont.)
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decreased with keV and approached or crossed zero in the mid-

keV range for most materials, indicating that ~60—-80 keV minimizes
size-related HU bias 1n this phantom (cortical bone remained positive).

Across 40—-190 keV, maximum |[AHU

size

reached ~43 HU (gadolinium),

~37 HU (cortical bone), and ~20 HU (iodine), showing residual size
sensitivity 1in quantitative monoenergetic HU despite PCCT acquisition.

Table 1. Size-dependent HU bias AHU
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(40—20 cm) at low vs high keV.

Material AHU @ 40 keV AHU @ 190 keV
Gadolinium +43 —16
Cortical bone +37 +3
Todine (4 mg/mL) +21 -9
Water +13 -9
Background ~0 —3

Conclusion

Monoenergetic HU for contrast and calcification surrogates in
PCCT remains size dependent in an energy-specific manner, with
the largest bias at low keV and reduced bias at high keV.

Selecting mid-keV  VMIs (~60-80 keV) may reduce
patient/phantom size—dependent HU bias for quantitative
applications.

These findings support choosing energy ranges and QC expectations
that account for object size when interpreting quantitative HU
metrics for contrast- or calcification-related tasks.
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