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Introduction
Since 2010, dual-energy CT with Gemstone™ Spectral Imaging 
(GSI)1 has demonstrated added diagnostic value across a wide 
range of clinical applications.2-8

Leveraging the unmatched speed of the Gemstone scintillator 
at the heart of the CT detector, GSI realizes dual-energy 
acquisitions using a uniquely fast kV switching technology at 
double the angular sampling rate of single-energy acquisitions. 
This produces near-perfect spatial and temporal registration 
of the low/high energy measurements and supports spectral 
information for the full field-of-view of 50 cm. 

The high-voltage generator that powers the X-ray tube has 
been designed to produce controlled kV transitions with an 
average of 60 microseconds across all scan techniques in 
order to preserve energy separation between the low and 
high kV spectra. More recently the Quantix X-ray tube was 
introduced on the Revolution Apex which features novel 
digital cathode technology that supports near-instantaneous 
adjustments in tube current9 and realizes synchronized kV 
and mA switching to balance the signal between low and high  
kV measurements. 

Contrary to some dual-energy techniques, with GSI, all 
X-ray photons are effectively used to produce an accurate 
image of the patient without loss of dose efficiency. To 
make the best use of the spectral information in the 
measurements, GSI allows direct projection-based material 
decomposition for inherent reduction of beam hardening 
artifacts and higher quantitative accuracy than image domain 
techniques. In an independent comparison of competing  
dual-energy technologies, GSI on the Revolution CT platform  
was ranked the highest for iodine accuracy across a range of  
clinically relevant concentrations.10 

In addition to quantitative accuracy, the flexible clinical 
workflow of GSI enables effortless generation of the right 
images for different clinical scenarios directly from the scanner. 
The scanner can reconstruct monochromatic keV images in the 
range of [40-140] keV to tailor for either enhanced contrast or 

reduced beam hardening. Additional images sets that can be 
generated on the console include but are not limited to: water/
iodine, material basis pairs like calcium and uric acid (HAP) for 
tissue characterization, and virtual unenhanced (VUE) images. 
A metal artifact-reduced (MAR) algorithm dedicated for GSI can 
also be applied to any of these image types. Once reconstructed, 
images can be automatically transferred to the PACS or a 
dedicated review station for the diagnostic read or further 
advanced processing.

These GSI image types have been used to address a multitude 
of clinical scenarios. keV images from projection-based material 
decomposition provide inherent beam hardening reduction and 
higher contrast than single energy images and can, for example, 
assist in subtle lesion detection in oncology.2, 11, 12 Likewise, 
iodine images can help better visualize bleeds and other lesions 
and blockages such as pulmonary embolisms.13, 14 Other material 
images support quantitative tissue characterization, for  
instance to assess the makeup of kidney stones, measure liver 
fat content, and identify post-traumatic bruising in bone tissue. 
The benefits of GSI extend all the way to potentially saving 
patient radiation dose when VUE is used to replace images from 
a non-contrast scan prior to the contrast-enhanced acquisition.15

Ultrafast kV switching technology

Quantix tube with synchronized kV and mA switching
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Gemstone Spectral Imaging Highlights
With near-perfect spatial and temporal registration of the collected 
energy samples, fast kV switching supports quantitatively accurate 
spectral imaging in the full 50 cm field of view. 

Through innovative projection domain material decomposition 
processing, GSI has shown benefits in:
• Providing details of chemical composition and material   
 characteristics for better lesion characterization
• Improving lesion detection with enhanced contrast-to-noise ratio 
• Reducing beam hardening and metal artifacts 
• Optimizing iodine load in contrast enhanced CT studies

The Quantix tube features novel digital cathode technology that 
realizes synchronized kV and mA switching to positively impact 
iodine MD images and reduce noise on low keV images for small 
lesion detection and assessment.



As in all of CT acquisitions, when optimizing patient dose for  
least exposure, image noise remains a limiting factor for a 
quick and confident diagnosis. One of the characteristics 
of the material decomposition process is that image noise 
resulting from noisy low/high kV measurements is increased 
and becomes correlated (or related) between the different 
material basis selections (e.g. water and iodine chosen as the 
default basis pair). GSI fast kV switching partially compensates 
for this with longer time spent at 80 kV than 140 kV to increase 
statistics in the low-energy measurements. With synchronized 
kV/mA switching, the Revolution Apex platform also increases 
instantaneous flux in the 80 kV part of the acquisition. This 
improves low keV and iodine images that are most influenced by 
the low-energy measurements. In addition, GSI reconstruction 
was designed to have monotonic noise behavior as a function 
of keV to avoid an artificial peak of CNR at higher keV’s than the 
lowest available energy. However, noise magnification in lower 
keV images is inherent in spectral imaging and typically more 
noticeable at or below 50 keV. Even with advanced processing 
and iterative reconstruction techniques built into the dual-
energy image reconstruction flow, image noise may limit the 
contrast-to-noise ratio (CNR) of monochromatic images.

GE recently achieved a significant breakthrough for noise 
reduction by introducing TrueFidelity™ to improve image quality 
for single-energy acquisitions, with great success across many 
clinical applications.16-19 TrueFidelity is the first Deep Learning 
Image Reconstruction (DLIR) technique to have addressed the 
challenges of both conventional and iterative reconstruction.20 
By training on high-dose ground truth filtered back projection 
(FBP) images with desirable characteristics in terms of noise 
level and texture, TrueFidelity produces low-noise images that 
preserve a natural image texture and avoid the artificial, flat, 
and “plastic” look of iterative reconstruction methods applied to 
low-dose data.21, 22 As a result, clinicians have been able to quickly 
adopt TrueFidelity across their entire CT practice and further 
optimize their protocols for adjusted patient dose. Building upon 
this experience, TrueFidelity is well-suited to further reduce 
noise and improve image texture in dual-energy images, and GE 
is pleased to introduce TrueFidelity for GSI spectral applications.
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Figure 1: A schematic of the DLIR training process in single-energy application.
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TrueFidelity for GSI Highlights

A new generation of spectral imaging powered by deep 
learning. Another industry first, with a bold vision to transform 
image quality for dual-energy spectral CT with TrueFidelity 
for GSI images: Outstanding detail, clarity, texture, and dose, 
without compromise, for all GSI image types. 
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The Next Generation of GSI Powered by Deep Learning
TrueFidelity was designed to produce image quality 
performance not easily achievable by conventional analytical 
and iterative techniques. Rather than manually optimizing the 
reconstruction over many parameters to balance image noise, 
spatial resolution, overall texture, and other quality metrics 
across a multitude of clinical imaging scenarios, the deep-
learning approach uses a neural network to learn the desired 
characteristics of the reconstructed images. This produces a 
reconstruction model that is far more effective to represent the 
complex interactions between CT measurements and image 
data. With DLIR technology, GE was able to break through 
the image quality limitations lingering after years of manually 
optimizing iterative reconstruction methods that could still 
produce images that are too flat or artificial in appearance. 
These improvements were made possible by designing the 
training process to systematically learn the characteristics of 
high-quality images such that they could be reproduced when 
reconstructing data from more challenging low-dose and highly 
noisy measurements.

For single-energy scenarios, high-quality images from standard 
filtered back projection (FBP) reconstruction of high-dose high 
quality measurements were selected as the ground truth. Using 
high-quality FBP images rather than denoised reference images 
such as those obtained by hybrid or model-based iterative 
reconstruction allows TrueFidelity to preserve a natural 
image texture even after reducing image noise in challenging  
low-dose cases. The model is represented by a convolutional 
neural network (CNN) with multiple layers and thousands of 
inter-layer connections. The coefficients attached to each 
connection are trained to best recover ground truth images  
from noisier measurements. Once the coefficients of the model 
are learned via this offline process, the parameters are fixed, 
and images are reconstructed by processing new sinogram 
measurements with the CNN as designed. Once training is 
complete, reconstruction is very fast, allowing TrueFidelity to 
meet the most demanding clinical settings. 

GE has now adapted this approach to GSI by appropriately 
accounting for the unique characteristics of dual-energy data. 
With the advantages of the GSI data acquisition approach 
outlined above, the benefits attached to performing material 
decomposition in the projection domain (high quantitative 
accuracy and inherent beam hardening reduction) are preserved. 
The TrueFidelity GSI image chain first produces material 
decomposed sinograms from the low/high kV measurements. 
Then the DLIR engine is tasked with learning the unique 
characteristics of the noise in both material bases (i.e. iodine 
and water) to reduce noise while preserving details and overall 
texture. Because spectral image types reconstructed with GSI, 
such as monochromatic (keV) images and other material basis 
pairs, are formed from a linear recombination of material basis 
images, it is necessary to process the data consistently for the 
native material basis pair of water/iodine.

TrueFidelity for GSI therefore learns the characteristics of the 
data in the material basis space, and jointly trains the 
parameters of the reconstruction model for both material basis  
components. Joint training guarantees that the reconstruction 
treats noise reduction and texture preservation similarly 
for each basis image component in order to avoid  
over-emphasis of any single component that could lead to  
artifacts in images transformed from the native material 
basis pair of water/iodine. Thus, a unified network across 
the materials (iodine/water) provides for consistency in the 
training and application of TrueFidelity for spectral imaging.  
This approach inherently enables TrueFidelity to extend its 
benefits to all GSI image types. Monochromatic (keV) images, 
other material decomposed basis pairs, VUE images, and MAR 
images all benefit similarly from TrueFidelity for GSI.



Like for single-energy, TrueFidelity for GSI is trained on high-quality high-dose FBP images of dual-energy acquisitions used as ground 
truth data. TrueFidelity for GSI can therefore emulate high-quality high-dose results even from lower-dose measurements. A robust 
training data set is created from both phantom and clinical data across multiple anatomies and contrast imaging conditions as well  
as many different noise realizations for various clinical imaging scenarios. The training process follows the same approach as for 
single-energy and focuses on producing similar results in terms of reducing noise magnitude as well as preserving overall image 
texture from any artificial degradation that could be due to advanced processing. TrueFidelity for GSI offers the same low/medium/high 
strength settings as TrueFidelity for single-energy data with similar denoising performance.

Figure 2: GE leverages deep learning reconstruction engine to generate GSI images.
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TrueFidelity for GSI processes both material sinograms 
simultaneously to reconstruct images, representing about twice 
as much data as corresponding single-energy scans. In an effort 
to continuously improve on the overall workflow of the scanner, 
GE optimized the DLIR neural network using well-known model 
compression techniques to reduce computational load while 
preserving image quality performance even as the volume of data 
increases with GSI. The result is routinely fast reconstruction 
speed for daily processing needs, even for spectral imaging. For 
instance, TrueFidelity for GSI can reconstruct 585 0.625 mm 
images of a typical chest PE scan in less than 2 minutes on the 
Revolution CT and Revolution Apex scanners with the standard 
Wide Cone Reconstruction Server.*

TrueFidelity for GSI is implemented directly on the scanner 
as it is for single-energy data. All GSI image types are 
supported, including all slice thicknesses and reconstruction 
orientations via Direct Multi-Planar Reformat (DMPR). 
Prescribed images are natively reconstructed on the console 
for the selected strength and automatically networked to  
the desired destinations for diagnostic review or further 
advanced post-processing.

* Measured stopwatch timing from clicking the run button until the reconstruction job is finished for a 80 mm p1.531, 0.5 s/rot, 585 slices, 0.625 mm, DLIR-H and AR70 take 1:58.20  
 and 1:18.58 min/sec, respectively, averaged over 4 runs when the reconstruction engine is otherwise idle.
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Performance Evaluation
TrueFidelity for GSI delivers superior image quality performance 
compared to other current reconstruction technologies, 
including iterative reconstruction. To demonstrate these 
benefits, several key evaluation metrics are summarized in  
this section, spanning both bench testing and clinical reader 
study results. 

High noise (in terms of pixel standard deviation) may reduce 
the diagnostic value of clinical images. Like for single-energy, 
TrueFidelity for GSI was designed to reduce image noise 
compared to current iterative reconstruction technology, such 
as ASiR-V, at the same dose (CTDIvol). A rigorous comparison 
of image noise levels was done on the Revolution Apex using 
the uniform section of the Catphan® 600 phantom with the 
CTP579 oval body annulus** to simulate a typical adult body as 
shown in Figure 3. Both ASiR-V at 50% strength (AR50) and the 
high setting of TrueFidelity for GSI (DL-H) were reconstructed 
from three clinically representative CTDIvol dose levels at 5.84 
mGy, 11.01 mGy, and 17.29 mGy, achieved by adjusting the mA 
for the GSI scans. Note that AR50 is the most frequently used 
level and recommended for clinical practice. Each scan was 
repeated five times over each dose level to increase sample size, 
and noise statistics from a 4x4 cm ROI in the uniform center 

section were averaged over 80 images per scan and 8 images 
per scan for 0.625 mm slice thickness. Figure 4 demonstrates 
that DL-H images have lower noise than AR50 images across all 
image types (40 keV, 70 keV, water (iodine) and iodine (water) 
images) regardless of dose. The same result extends to larger 
slice thicknesses by a similar scaling factor.
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Figure 3: Uniformity section of the Catphan 600 with an added 
annulus to simulate the attenuation of a typical adult body, with 
a 4x4 cm centered ROI for noise measurements.

** Part numbers CTP486 and CTP579, respectively, from The Phantom Laboratory, Salem, NY.

Figure 4: Noise measurements across 3 dose levels comparing AR50 and DL-H for GSI in the Revolution Apex at 0.625 mm thickness. Error bars are ± 1 standard 
deviation across 80 images for each dose level.
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While TrueFidelity for GSI is very effective at reducing image 
noise, it also succeeds at accomplishing this goal without 
compromising spatial resolution performance or artifacts. 
Figure 5 illustrates on the resolution bar section of the Catphan 
phantom that image texture, noise, and resolution performance 
are comparable between single and dual energy with fast kV 
switching when reconstructing with TrueFidelity. This shows 
the benefit of the fast kV switching approach with GSI that 
builds upon the extremely fast switching speed of the generator 
and fast response of the Gemstone detector to conserve  
spatial sampling with twice the number of samples  
relative to single-energy combined with TrueFidelity 
reconstruction to manage image noise, texture and artifacts. 
Slower kV switching may result in lower resolution and  
increased aliasing streaks and artifacts if it cannot operate as 
fast as GSI, especially for anatomical features located further 
away from the isocenter. Figure 5 also illustrates that image 
quality performance is generally equivalent between TrueFidelity 
for single-energy and GSI dual-energy for both natural image 
texture and noise reduction magnitude.

TrueFidelity for GSI also improves the contrast-to-noise ratio 
(CNR) at the same dose. This is best demonstrated using the 
ACR CT accreditation phantom (Gammex 464) scanned with 
an adult abdominal GSI axial scan protocol (40 mm collimation, 
0.6 s/rot, medium body filter) on the Revolution CT at 9.01 mGy. 
Following the ACR guidelines for CNR measurement, FBP, ASiR-V 
50% (AR50), and DLIR for GSI low/medium/high (DL-L, DL-M,  
DL-H), images were reconstructed in 5 mm slice thickness over a 
21 cm field of view at 70 keV. The CNR was calculated in the low  
contrast section depicted in Figure 6a from the 25 mm cylinders 
of small, energy-independent attenuation with 0.6%, 6 HU 
differences from background. ROI’s of 100 mm2 were chosen 
within the largest low contrast cylinder (ROI1) as well as the 
background (ROI2) as shown in Figure 6b and applied consistently to  
all reconstructed images. Then, the CNR was calculated as:  
CNR = |Mean[ROI1] – Mean[ROI2]| ⁄ (SD[ROI1]), where Mean and SD 
denote mean and standard deviation of the pixel CT Numbers 
inside the corresponding ROI. The calculated values in Table 1 
clearly demonstrate the higher CNR achieved by TrueFidelity 
for GSI compared to both FBP and ASiR-V at all settings that 
significantly exceeds the ACR acceptance threshold of 1.0.

Figure 5: Comparison of TrueFidelity images for single-energy (left – 120 kV) 
and dual-energy (right – GSI, monochromatic 70 keV) on the section of the 
Catphan phantom with visual resolution bars. Images are with the Standard 
kernel with 0.625 mm slice thickness and the DL-H setting, illustrating similar 
visual resolution, noise, and texture, without aliasing or artifacts.

Standard Mono 70 keV

Figure 6a: 3D rendering of the modules of the ACR CT accreditation phantom 
(Gammex 464) and schematic of the low contrast section for CNR measurements.

25 
mm 2 mm

3 mm

4 mm5 mm

6 mm

Figure 6b: Illustration of ROI placement for CNR assessment, ROI1 in red and 
ROI2 is in blue.

Table 1: CNR measurements from GSI 70 keV images of the low contrast  
section of the ACR accreditation phantom scanned on the Revolution CT  
and reconstructed using FBP, AR50, AR100, DL-L, DL-M, and DL-H.

Reconstruction Type CNR

FBP 0.95

AR50 1.37

DL-L 1.50

DL-M 1.77

DL-H 2.21

Full Image Selected ROIs
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The noise in dual-energy images has unique characteristics 
after material decomposition, and it is important to ensure that 
denoising does not compromise valuable spectral information 
for diagnosis. In fact, TrueFidelity for GSI preserves material 
density quantification accuracy compared to ASiR-V iterative 
reconstruction when reconstructing data taken at the same 
dose. To establish robust performance across several clinically-
relevant scenarios, MD accuracy was measured using a 
Gammex Multi-Energy CT phantom*** with inserts of different 
composition and density and images reconstructed with 
standard ASiR-V 50% (AR50) and TrueFidelity with GSI with 
the High setting (DL-H) compared with the known reference. 
The inserts include solid water, liquid water, and 5, 10, 15, and 
20 mg/cm3 of iodine solution. Three different GSI acquisitions 
taken on the Revolution CT are included for completeness: 
Axial, Large Body SFOV, 40 mm aperture, at 23.59 mGy; Axial, 
Medium Body SFOV, 40 mm aperture, at 21.08 mGy; and Helical 
(0.992 pitch), Large Body SFOV, 80 mm aperture, at 19.16 mGy. 
MD accuracy was measured for each rod in each material image 
by computing the mean density of a circular ROI placed in the 
center of the respective insert as shown in Figure 7, averaged 
over 4 images for each data set. All images were reconstructed 
in 5 mm slice thickness in a 35 cm field of view. The measured 
material density values shown in Table 2 are consistent 

Figure 7: Gammex Multi-Energy CT phantom (left) used to assess MD quantitative 
accuracy, showing the water, iodine, and cortical bone inserts with their respective 
measurement ROIs in the iodine (water) image (right).

*** Gammex Inc., Middleton, WI, USA.

between AR50 and DL-H for all material types, concentrations, 
and acquisitions, and match the known values for water and 
iodine within the accepted tolerance. Since all other basis pairs 
are formed of a recombination of the water/iodine basis pair 
selected for material decomposition, it is sufficient to assess 
quantitative accuracy on this native basis pair to establish 
performance over the full material space. Full characterization 
over other material basis pairs, including direct measurements 
from cortical bone (CB2-30%), can be found in the “Quantitative 
Evaluation of TrueFidelity (Deep Learning Image Reconstruction) 
for Gemstone Spectral Imaging” Paper.23

Table 2: Revolution CT MD accuracy measurements for the Gammex Multi-Energy CT phantom (Gammex Inc., Middleton, WI, USA) shown for ASiR-V 50% (AR50) 
and TrueFidelity for GSI at the High setting (DL-H).

Mode SFOV CTDI (mGy) Image Type
MD Quantitative Accuracy (mg/cm3)

Material AR50 DL-H Ref. Goal

Axial  
40 mm

Large Body 23.59

Water (Iodine)
Water 996.65 996.77 999 ± 11

Io 5 mg 997.26 997.13 999 ± 15

Iodine (Water)

Water 0.15 0.14 0 ± 0.3

Io 5 mg 4.93 4.94 5 ± 1

Io 10 mg 10.13 10.12 10 ± 1

Io 15 mg 14.90 14.92 15 ± 1.5

Io 20 mg 20.15 20.14 20 ± 2

Axial  
40 mm

Medium Body 21.08

Water (Iodine)
Water 994.92 994.82 999 ± 11

Io 5 mg 992.79 992.75 999 ± 15

Iodine (Water)

Water 0.21 0.23 0 ± 0.3

Io 5 mg 5.19 5.18 5 ± 1

Io 10 mg 10.43 10.41 10 ± 1

Io 15 mg 15.39 15.42 15 ± 1.5

Io 20 mg 20.58 20.59 20 ± 2

Helical  
80 mm/pitch 

0.992
Large Body 19.16

Water (Iodine)
Water 993.38 993.48 999 ± 11

Io 5 mg 989.05 989.00 999 ± 15

Iodine (Water)

Water 0.22 0.23 0 ± 0.3

Io 5 mg 5.41 5.40 5 ± 1

Io 10 mg 10.44 10.44 10 ± 1

Io 15 mg 15.14 15.15 15 ± 1.5

Io 20 mg 20.61 20.60 20 ± 2
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Just as important for spectral imaging, TrueFidelity for GSI  
preserves iodine detectability performance for concentrations 
as low as 0.5 mg/mL at a dose as low as 8 mGy. This was  
evaluated on the head portion of the Gammex Multi-Energy 
CT Phantom with a deionized water insert and six inserts of  
different concentrations of iodine – 16, 8, 4, 2, 1, and 0.5 mg/cc 
as shown in Figure 8. Results in Table 3 demonstrate  
comparable iodine quantification over the range of iodine  
concentrations from 0.5 – 16 mg/ml between AR50 and DL-H 
from 40 mm helical pitch 0.984:1 0.5 s/rot Medium Body SFOV 
GSI acquisitions at 8.16 mGy on Revolution Apex, reconstructed 
with 2.5 mm slice thickness. An independent two-sample t-test 
on the same data set comparing ROIs in the iodine contrast and Figure 8: 20 cm Gammex phantom (left) with displayed 

inserts for detectability testing (right).

16 mg/ml 8 mg/ml 4 mg/ml 2 mg/ml 1 mg/ml 0.5 mg/ml
DI water 

mg/ml

AR50
Mean 16.24 7.97 3.93 2.00 1.02 0.47 0.04

Std. Dev. of Mean 0.08 0.04 0.03 0.04 0.02 0.01 0.01

DL-H
Mean 16.23 7.97 3.92 2.00 1.02 0.47 0.04

Std. Dev. of Mean 0.08 0.04 0.03 0.04 0.02 0.01 0.01

Table 3: Iodine quantification measurements from the Revolution Apex for different concentrations of iodine from 16 mg/mL down to 0.5 mg/ml. Mean and standard 
deviation measurements reported from the same ROI on 13 separate slices are comparable for ASiR-V 50% and TrueFidelity for GSI. Standard deviation from the mean 
is representative of how reproducible the measurements are from scan to scan.

This combined set of quantitative results establishes that  
TrueFidelity for GSI is successful at managing noise reduction 
and CNR improvements in GSI studies without compromising 
spectral performance. TrueFidelity reconstruction also extends 
its benefits to image texture and natural appearance for an  
easier diagnostic read from single-energy to dual-energy 
modes. In an extensive clinical reader study, the noise texture 
of TrueFidelity for GSI was rated as improved over standard  
reconstruction techniques. This was demonstrated in a clinical 
evaluation consisting of 40 cases and 5 physicians, where 
each case was reconstructed with both TrueFidelity for 
GSI and ASiR-V and evaluated by 3 of the physicians. Cases  
included chest soft tissue and lung windows, abdomen soft  
tissue (incl. lesions and stones), pancreas, high BMI, metal  
implants, pediatric scans (spinal fixation), and head & neck CTA,  
all taken on the Revolution family of systems. This sample data  
was representative of a wide range of anatomical coverage and   
patient indications, and serves to demonstrate the performance 
of TrueFidelity for GSI for general patient imaging. A Likert-
score image quality analysis showed that TrueFidelity for GSI is  
significantly better than ASiR-V for overall image quality as  
depicted in Figure 9 and the noise texture of TrueFidelity for GSI 
was rated higher than ASiR-V’s in 88% of the reads, with details 
shown in Table 4.

Average Image Quality Score

40 keV

5

4

3

2

1

0
70 keV Water 

(Iodine)
Iodine 

(Water)
VUE

ASiR-V TrueFidelity GSI (DL-H)

Figure 9: Overall image quality performance of TrueFidelity for GSI vs. ASiR-V 
50% assessed with Likert scores in a reader study including 40 cases and 5 
experienced radiologists. Likert scores are 5 – significantly better; 4 – better; 
3 – similar; 2 – worse; 1 – significantly worse.

deionized water was repeated for every concentration of iodine 
and concluded that the lowest detectable concentration of  
iodine was 0.5 mg/ml with a p-value of less than 0.001. 

TrueFidelity for 
GSI vs. ASiR-V

40 keV
(N = 87)

70 keV
(N = 120)

Water (Iodine)
(N = 12)

Iodine (Water)
(N = 99)

VUE
(N = 87)

All
(N = 405)

Better than 92% 86% 83% 88% 86% 88%

Same as 8% 14% 17% 12% 14% 12%

Worse than 0% 0% 0% 0% 0% 0%

Table 4: Assessment of noise texture in TrueFidelity for GSI vs. ASiR-V in a clinical reader study with 405 individual comparisons.



Figure 10a: Normalized Noise Power Spectrum performance across GSI image types at fixed dose (10.8 mGy) comparing TrueFidelity for GSI at the Low and High settings 
(DL-L and DL-H), ASIR-V 100% (AR100), and FBP (AR0). Graphs show 40, 70, 140 keV (top), as well as iodine (water) and water (iodine) basis materials (bottom). 
Measured from 20 cm centered | Water phantom.
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This feedback is consistent with a detailed analysis of the  
normalized Noise Power Spectrum (nNPS) performance with 
TrueFidelity for GSI across different image types and dose  
levels as depicted in Figures 10a and 10b. nNPS plots  
represent the frequency distribution of image noise as indicative 
of perceived texture in the eyes of a human observer. Generally, 
a shift of the peak of the nNPS curve to lower frequencies is  
indicative of more patchy/blotchy texture often described as  
artificial and unnatural looking images that often plague 
iterative reconstruction.24,25 Figure 10a establishes that  

TrueFidelity for GSI produces images much closer to standard 
FBP images than iterative reconstruction across the full range of  
materials and keV images at the same dose. Figure 10b yields 
the same result when comparing 70 keV images across a 
range of clinically relevant dose levels. In all cases, nNPS plots 
were computed from 20 cm centered water phantom images.  
This explains how TrueFidelity for GSI scores well for natural  
appearance as its noise texture approaches that of higher-dose 
FBP images while significantly reducing image noise. 
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Figure 10b: Normalized Noise Power Spectrum performance across dose levels from 15.6 down to 5.1 mGy comparing TrueFidelity for GSI at the Low and High settings 
(DL-L and DL-H), ASIR-V 100% (AR100), and FBP (AR0). Measured from 20 cm centered | Water phantom.



Clinical Examples
Case 1: Uncompromised GSI images for all patient sizes

TrueFidelity for GSI is designed to reduce image noise, enhance 
CNR and produce natural noise texture for all GSI image 
types regardless of patient size. Bariatric spectral CT imaging  
can be freed of the traditional challenges that accompany  
high-BMI studies.

Figure 11 illustrates a typical example of an 85-year-old bariatric 
patient (BMI 48) scanned on the Revolution CT, three months 
after the resection of caecum adenocarcinoma. Monochromatic 
50 keV images were reconstructed with both TrueFidelity and 
FBP with 1.25 mm slice thickness, showing significantly improved 
image quality on TrueFidelity, even with a low radiation dose  
of 16.15 mGy. GSI FOV of 50 cm helps cover all anatomy. Such 
a case would have previously demanded a higher energy level  
(70 keV) and thicker slices up to 5 mm for diagnostic use. All 
details were preserved, with low noise and excellent texture 
for a bariatric patient, delivering results equivalent to those 
expected from one with a lower BMI. Here, TrueFidelity for 
GSI helped retain anatomic details without excessive noise or 
degraded texture for a confident read.
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Scan type GSI Helical

Detector collimation, mm 80

Acquisition time, sec 6.4

Slice, mm 1.25

Reconstruction algorithm TrueFidelity (DLIR-H)

Kernel Standard

CTDIvol, mGy 16.15

Figure 11. GSI images of a bariatric patient with BMI of 48.

 “TrueFidelity for GSI allows us to scan 
high BMI patients with low dose, and 
reach confident diagnosis benefiting 
from GSI.”

Professor Alain Luciani
Centre Hospitalier Université Henri Mondor, France

Monochromatic 50 keV axial view 

Monochromatic 50 keV coronal view, FBP

Monochromatic 50 keV axial view, TrueFidelity

Monochromatic 50 keV coronal view, TrueFidelity



Case 2: Enhanced lesion depiction and detection in 
oncology CT and PE

GSI is a proven diagnostic tool for both oncology and 
pulmonary embolism. In oncology CT, the use of low-energy 
monochromatic and iodine-specific images can improve lesion 
depiction and detection by improving the contrast between 
the lesion and normally enhancing parenchyma.26 In pulmonary 
angiography, material-specific iodine images can help to 
identify pulmonary embolism associated perfusion defects, 
especially in patients with underlying perfusion abnormalities.27 
TrueFidelity for GSI is designed to enhance the performance of 
GSI by improving the image quality for both monochromatic and  
iodine-specific images. 

Figure 12 illustrates a challenging case of a 66-year-old man 
with right lung adenocarcinoma surgery who was scanned on 
the Revolution CT with pulmonary angiography protocol due to 
acute onset of dyspnea. Monochromatic and iodine images were 
reconstructed with TrueFidelity with 0.625 mm slice thickness 
with 5 mGy. The iodine map showing hypo-perfusion of the 
left lung segments can help identify pulmonary embolus on 
monochromatic 50 keV images. Both 50 keV and iodine images 
accurately depict right hilar residual tumor lesions. 
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Scan type GSI Helical

Detector collimation, mm 80

Rotation time, sec 0.5

Helical pitch 1.375

Slice, mm 0.625

Reconstruction algorithm TrueFidelity (DLIR-H)

Kernel Standard

CTDIvol 5

 “TrueFidelity for GSI enhances the image quality 
for both monochromatic and iodine-specific 
images and can enhance the GSI benefits in lesion 
depiction and detection.”

Professor Jean-Nicolas Dacher
Centre Hospitalier Universitaire de Rouen, France

Iodine color map to show hypoperfused left lung segments, 
TrueFidelity

Monochromatic 50 keV to depict residual tumor lesion  
(yellow arrow), TrueFidelity

Iodine color overlay to depict residual tumor lesion, TrueFidelity

Figure 12. GSI images of lesion depiction and detection for a patient with tumor and PE.

Monochromatic 50 keV to show embolus (red arrow),  
TrueFidelity



Case 3: Identifying bowel wall ischemia and hemorrhage

Figure 13 illustrates an ER case of a 68-year-old man with acute 
abdominal pain. A 3-phase abdomen CT was ordered by the ED 
physician to rule out mesenteric ischemia. 

A biphasic GSI protocol (arterial and portovenous phases) was 
conducted on the Revolution Apex, and VUE series were used 
to replace the non-contrast phase by saving radiation dose 
and scan time. TrueFidelity for GSI allowed routine use of 
monochromatic 40 keV and iodine images that confirmed the 
absence of contrast in the small intestine and colon bowel walls. 
The VUE images showed a persistence in high-density in some 
bowel walls (yellow arrows), confirming bowel wall hemorrhage 
as a complication of bowel wall ischemia.
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Scan type GSI Helical

Detector collimation, mm 80

Rotation time, sec 0.5

Helical pitch 0.992

Slice, mm 0.625

Reconstruction algorithm TrueFidelity (DLIR-H)

Kernel Standard

CTDIvol 6.3

Monochromatic 40 keV, 
0.625 mm, TrueFidelity

Iodine color map, 0.625 mm,  
TrueFidelity

VUE, 0.625 mm,  
TrueFidelity

Monochromatic 40 keV,  
0.625 mm, TrueFidelity

Iodine color map, 0.625 mm, 
TrueFidelity

 “TrueFidelity for GSI used in the ED clinical 
routine can reconstruct relatively lower 
keV settings with a high CNR without a 
radiation dose penalty. It also provides 
images with very low noise material 
decomposition which are helpful to 
create easily interpretable color  
overlay images.”

Professor Koenraad Nieboer
University Hospital Brussels, Belgium

Figure 13. GSI images for identifying bowel wall ischemia and hemorrhage.

VUE, 0.625 mm, 
TrueFidelity



Case 4: Diagnosing a pseudoaneurysm in a patient with 
chronic pancreatitis

Figure 14 illustrates a case of a 67-year-old female presented to 
the ED with acute abdominal pain. The patient has a history of 
chronic pancreatitis that recently developed to be acute. 

A biphasic GSI protocol (arterial and portal venous phases) was 
conducted on the Revolution Apex. High-quality TrueFidelity 
arterial 60 keV and iodine images identified a modular 
enhancing lesion in the head of the pancreas (yellow arrow) 
which increases in portal venous 68 keV and iodine (orange 
arrow). VUE, as the replacement of a true non-contrast phase, 
confirmed a calcification foci which is clearly visible on the 
arterial and portovenous phases. The suggested diagnosis is a 
pseudoaneurysm as a complication of recent acute pancreatitis 
in a patient with chronic pancreatitis.

TrueFidelity increases the clinical utility of traditionally noisier 
images such as low keV and 0.625mm images, as demonstrated 
here as well as in peer reviewed literature.28
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Scan type GSI Helical

Detector collimation, mm 80

Rotation time, sec 0.5

Helical pitch 1.531

Slice, mm 0.625

Reconstruction algorithm TrueFidelity (DLIR-H)

Kernel Standard

Figure 14. GSI images for diagnosing pseudoaneurysm.

Monochromatic 60 keV, arterial phase,  
0.625 mm, TrueFidelity

Monochromatic 68 keV

Interventional angiographyIodine, porto venous phase, 0.625 mm, 
TrueFidelity

 “TrueFidelity for GSI helps us to confirm the diagnosis 
of a pseudoaneurysm on the monochromatic and 
iodine images in the arterial and portovenous phase. 
The VUE helps us to identify the calcification from an 
arterial vessel. By using the VUE we are able to reduce 
the radiation dose for patients by not acquiring a  
non-contrast scan.”

Professor Koenraad Nieboer
University Hospital Brussels, Belgium

VUE, 0.625 mm, TrueFidelity

Iodine, arterial phase, 0.625 mm, 
TrueFidelity



16

Figure 15. GSI images for bone fracture and bone marrow edema detection.

Water (HAP) color map, 0.625 mm, TrueFidelity 70 keV, 0.625 mm, ASiR-V with bone kernel

Conclusion
At the heart of GE’s dual-energy GSI technology, true view-to-
view fast kV switching enables excellent temporal registration 
and spatial resolution without needing to discard kV transitions 
or apply DL-based view recovery techniques. No compromise  
is made in the view sampling rate for data collection and  
image generation.

TrueFidelity for GSI now brings the potential to substantially 
reduce the image noise in all spectral image types, from virtual 
monochromatic images to material image pairs and virtual  
non-contrast images, with and without metal artifact 
reduction. Specifically, reducing the image noise increase 
inherent with low keV images resolves one of the traditional 
technical challenges in adopting more dual-energy protocols 
across the full patient population. 

Unlike other denoising methods, TrueFidelity is explicitly 
designed to preserve image texture, as demonstrated by 
quantitative performance metrics. Moreover, all the spectral 
image types are inherently supported without any compromise 
to the quantitative accuracy that GSI is known for in the industry.

With the available computational power of the Xtream 
reconstruction server, TrueFidelity for GSI can be applied 
routinely to all GSI applications without impact to the overall 
workflow, even in acute care settings. This technology will have 
a significant role in expanding the benefits of spectral imaging 
across all anatomies and care areas.

Case 5: Detecting bone fracture and bone marrow edema

Figure 15 illustrates a case of a 66-year-old female with 
persisting wrist pain. The patient fell on her outstretched hand 
12 days ago. Her family physician ordered an MRI scan of the 
wrist after a negative X-ray. Due to the long MRI waiting list, 
GSI was suggested to rule out a scaphoidal fracture with bone 
marrow edema. 

TrueFidelity for GSI can generate high quality water and 
Hydroxyapatite (HAP) material images. Water (HAP) images 
demonstrate an increased water content in the scaphoid bone 
(orange arrow), and suggest the presence of bone marrow 
edema. Monochromatic 70 keV with bone kernel shows an 
underlying scaphoidal fracture (yellow arrow).

Scan type GSI Helical

Detector collimation, mm 40

Rotation time, sec 1

Helical pitch 0.992

Slice, mm 0.625

Reconstruction algorithm
TrueFidelity (DLIR-H) 
ASiR-V strength

Kernel Standard, bone

 “TrueFidelity for GSI helps us to identify bone 
marrow edema and underlying bone fracture.  
It may benefit the patients who have difficulties 
getting access to MRI.”

Professor Koenraad Nieboer
University Hospital Brussels, Belgium
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