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Introduction: Evolution of Siemens CT image reconstruction technologies
Image reconstruction is an essential technology that every computed tomography (CT)
scanner requires for operation. The function of CT image reconstruction is to translate
all of the acquired X-ray data (raw data) into a meaningful three-dimensional
representation of the patient. The most well-known method of image reconstruction
is commonly referred to as filtered back projection (FBP), in which measured X-ray
projections are directly translated into images. In most modern scanners, it is likely
that not all measured data can be used for image reconstruction with FBP,1 i.e., not
all radiation dose applied to the patient is actually used for image reconstruction. To
address this, Siemens Healthineers CT scanners offer an improved three-dimensional
FBP, called weighted filtered back projection (WFBP).2
A common characteristic of both FBP and WFBP is that they do not consider statistical
properties of measured X-ray projections. What this means is that all CT projections
collected in the detectors are weighted the same, regardless of their quality. With
the increased focus in dose reduction, the lack of inclusion of statistical properties
of conventional FBP or WFBP become an important barrier that prevents further
radiation dose reduction. In an attempt to overcome such limitations, state-of-the-art
CT scanners have been developed with more advanced technology, known as iterative
reconstruction (IR). Not surprisingly, among the key advantages of IR is that the
statistical properties of measured CT projection data can be readily incorporated into
the CT image reconstruction process. This would allow, for example, low-quality (noisy)
projections to carry less weight than high-quality projections.
There has been an expanding utilization of IR in clinical practice in recent years,
primarily due to the increased focus on radiation dose optimization. Of note, Siemens
Healthineers has been placing emphasis on devising technical solutions that can help
to consistently achieve the right dose, for the right diagnostic task, for every patient.
This was in line with the ALARA principle, that is to use a dose that is “As Low As
Reasonably Achievable” to deliver diagnostic image quality.
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Clinical possibilities
with xSPECT Bone
Hybrid imaging in skeletal scintigraphy
The integration of diagnostic multi-slice CT with SPECT has been one of the key
drivers in nuclear medicine. The ease of CT-based attenuation correction, lesion
localization founded on accurate fusion of diagnostic CT and SPECT datasets, as well
as characterization of lesions using CT information in combination with SPECT-based
functional assessment, has ushered in a new level of accuracy and scope of SPECT
imaging. xSPECT™ technology aims to further enhance the clinical impact of this
integration by incorporating CT-based tissue segmentation into SPECT reconstruction to
create
a new degree
quality in skeletal imaging.
Development
ofofIRimage
methods
Skeletal
scintigraphy
a mainstay
of nuclear
medicine
for decades.
It is the
It is well
known thathas
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may
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impact
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and
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* In clinical practice, the use of IRIS may reduce CT patient dose depending on the clinical task, patient size, anatomical
location, and clinical practice. A consultation with a radiologist and a physicist should be made to determine the
appropriate dose to obtain diagnostic image quality for the particular clinical task.
** In clinical practice, the use of SAFIRE may reduce CT patient dose depending on the clinical task, patient size, anatomical
location, and clinical practice. A consultation with a radiologist and a physicist should be made to determine the
appropriate dose to obtain diagnostic image quality for the particular clinical task. The following test method was used to
determine a 54 to 60% dose reduction when using the SAFIRE reconstruction software. Noise, CT numbers, homogeneity,
low-contast resolution, and high contrast resolution were assessed in a Gammex 438 phantom. Low dose data reconstructed
with SAFIRE showed the same image quality compared to full dose data based on this test. Data on file.

43

White Paper | ADMIRE:
Advanced
Modeled
Iterative Reconstruction
xSPECT Bone:
a clinical
overview

ADMIRE:
Clinical case examples of xSPECT Bone
Advanced Modeled Iterative
Reconstruction

Figures 1-4 show xSPECT Bone images of a patient with metastatic prostate cancer. A
comparison of lumbar vertebral lesions in this patient between standard SPECT and
xSPECT Bone (Figure 2 and 3) shows increased lesional uptake at the same background
level with xSPECT Bone as well as improved definition of vertebral and disc margins
and spinal canal and spinous process definitions. The uptake in the spongy bone within
the vertebral body and the vertebral end plates reflects a more accurate visualization
of skeletal metabolism and the degree of hypermetabolism of the metastatic lesion
compared
surrounding bone. PhD, Katharine L. Grant, PhD,
by
Juan toC.the
Ramirez-Giraldo,
FigureRainer
4 shows side-by-side
of CT and fused images: CT shows focal scleand
Raupach,visualization
PhD

rotic areas within vertebral bodies and in the Ileum involving the right sacro-iliac joint.
Fused images show the focal hot areas exactly corresponding to the zone of sclerosis
without any spillage of activity beyond the bone margins. In the coronal image (top
row), the intensity of the uptake in the medial cortex of the right ileum with metastatic
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Figure 1: Data courtesy of
Johns Hopkins University,
Baltimore, Maryland, USA.

Figure 2: Data courtesy of
Johns Hopkins University,
Baltimore, Maryland, USA.

Figure 3: Data courtesy of
Johns Hopkins University,
Baltimore, Maryland, USA.
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A
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their made
quality.
With by
xSPECT
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reconstruction.
the increased focus in dose reduction, the lack of inclusion of statistical properties
of
conventional
FBPiterative
or WFBP
become
an important
barrier
preventsvertebrae
further in a
Comparison
of 3D
with
the xSPECT
Bone study
of that
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radiation
dose
reduction.
In
an
attempt
to
overcome
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patient with breast carcinoma (Figure 7) shows improved visualization with xSPECT
99m more advanced technology, known as iterative
CT
scanners
have been
of the
lytic regions
withdeveloped
increased with
Tc-MDP uptake in the lesion margins and adjacent
reconstruction
(IR).
Not
surprisingly,
among the
ofvertebral
IR is that body
the as well
vertebral body, which confirms the presence
of key
lyticadvantages
zones in the
statistical
propertiesofofthe
measured
CT projection
datavertebral
can be readily
incorporated into
as the involvement
lytic process
in the upper
end plate.
the CT image reconstruction process. This would allow, for example, low-quality (noisy)
projections to carry less weight than high-quality projections.
There has been an expanding utilization of IR in clinical practice in recent years,
primarily due to the increased focus on radiation dose optimization. Of note, Siemens
Healthineers has been placing emphasis on devising technical solutions that can help
to consistently achieve the right dose, for the right diagnostic task, for every patient.
This was in line with the ALARA principle, that is to use a dose that is “As Low As
Reasonably Achievable” to deliver diagnostic image quality.
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Development of IR methods
It is well known that the degradation in image quality, most notably an increase
in image noise, is the standard tradeoff for achieving a substantial dose reduction.
The first IR technology commercially developed by Siemens Healthineers was Iterative
Reconstruction in Image Space (IRIS*). IRIS directly addressed the problem of increased
image noise in reduced dose acquisitions.3 IRIS is a scientifically validated technology
that is effective in reducing image noise in a variety of clinical applications.4, 5
However, it is expected that IR technologies not only aid in noise reduction but also
in reducing spiral artifacts, which can be exacerbated when using CT acquisitions
with reduced dose or fast acquisition techniques. In response to this, the next IR
technology developed by Siemens Healthineers was the Sinogram Affirmed Iterative
Reconstruction (SAFIRE**), launched in 2010.6 SAFIRE was Siemens Healthineers’
Figure domain
5: 99mTc-MDP
bone SPECT images comparing xSPECT with
first IR technology that integrated a correction loop in the raw-data
(a.k.a.
3D iterative reconstruction.
“sinogram”) and added a model of the CT system geometry during the data forward
Data courtesy
of University
of Minnesota, Minneapolis, Minnesota, USA.
projection. This correction loop that operates through to the raw-data
domain
is
particularly helpful for reducing spiral artifacts. A second correction loop in image
Figure 4: Data courtesy of Johns Hopkins University,
space is applied iteratively to reduce image noise. SAFIRE has been used extensively
Baltimore, Maryland, USA.
since its introduction, and a wealth of scientific literature has consistently supported
the capabilities of SAFIRE to reduce dose while maintaining high image quality in
applications ranging from routine to specialized body and neuro CT – in both adults
and pediatrics.7-10

Figure
7: xSPECT
Bone and SPECT (AC) show the lytic vertebral lesion in
* In clinical practice, the use of IRIS may reduce CT patient dose depending on the clinical task,
patient
size, anatomical
location,
clinical
practice. sclerotic
A consultation
with a radiologist
and a physicist
to determine
the cancer.
patient
with breast
Figure
6: CTand
shows
multiple
metastases
in the lumbar
and should beamade
appropriate dose to obtain diagnostic image quality for the particular clinical task.
thoracic
vertebrae and fused images showing exact coregistration of the
Data
of University
** In clinical practice, the use of SAFIRE may reduce CT patient dose depending on the clinical
task,courtesy
patient size,
anatomical of Erlangen, Erlangen, Germany.
zones
of focal
with the with
sclerotic
lesionsand
ona CT.
location,
and hypermetabolism
clinical practice. A consultation
a radiologist
physicist should be made to determine the
appropriate dose to obtain diagnostic image quality for the particular clinical task. The following test method was used to
determine a 54 to 60% dose reduction when using the SAFIRE reconstruction software. Noise, CT numbers, homogeneity,
low-contast resolution, and high contrast resolution were assessed in a Gammex 438 phantom. Low dose data reconstructed
with SAFIRE showed the same image quality compared to full dose data based on this test. Data on file.

Data courtesy of University of Minnesota, Minneapolis, Minnesota, USA.
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Introduction: Evolution of Siemens CT image reconstruction technologies
Figure 8: CT and fused image
of xSPECT Bone and CT show
lytic vertebral lesion.
Data courtesy of University of
Erlangen, Erlangen, Germany.
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Image reconstruction is an essential technology that every computed tomography (CT)
scanner requires for operation. The function of CT image reconstruction is to translate
all of the acquired X-ray data (raw data) into a meaningful three-dimensional
representation of the patient. The most well-known method of image reconstruction
is commonly referred to as filtered back projection (FBP), in which measured X-ray
projections are directly translated into images. In most modern scanners, it is likely
that not all measured data can be used for image reconstruction with FBP,1 i.e., not
The CT study (Figure 8) shows lytic areas on the left side of the L2 vertebral body with
all radiation dose applied to the patient is actually used for image reconstruction. To
fused images showing areas of increased uptake corresponding to the region adjacent to
address this, Siemens Healthineers CT scanners offer an improved three-dimensional
the lytic areas. The hypointense regions within the vertebral body correspond exactly to
FBP, called weighted filtered back projection (WFBP).2
the lytic regions on CT. The lytic region involves the upper vertebral end plate as shown
A
characteristic
of both FBP
WFBP is that
they do not
consider
statisticalthe
oncommon
the sagittal
images. Although
lyticand
metastases
are common
in breast
carcinoma,
pattern of of
themeasured
lytic areas
suggests
the possibility
ofmeans
an aneursymal
cyst or giant
properties
X-ray
projections.
What this
is that allbone
CT projections
cell tumorinrather
than metastases.
MRI
correlation
would be
required
for proper
collected
the detectors
are weighted
the
same, regardless
of their
quality.
With evaluation.
xSPECTfocus
Boneinis dose
uniquely
suitedthe
to sharply
define cold
areas within
areas of high
the
increased
reduction,
lack of inclusion
of statistical
properties
or conventional
normal bone FBP
uptake
characteristic
of lytic
lesions,
as in that
this prevents
example.further
of
or WFBP
become an
important
barrier
radiation dose reduction. In an attempt to overcome such limitations, state-of-the-art
Equivocal bone lesions are a common concern in skeletal scintigraphy and SPECT/CT
CT scanners have been developed with more advanced technology, known as iterative
has been shown to have significantly improved characterization of such lesions. One
reconstruction (IR). Not surprisingly, among the key advantages of IR is that the
study determined the added value of multi-slice SPECT/CT in evaluation of equivocal
statistical properties of measured CT projection data
can be readily incorporated into
bony lesions in patients with prostate carcinoma.1 Using SPECT/CT with integrated
the CT image reconstruction process. This would allow, for example, low-quality (noisy)
16-slice diagnostic CT, 40 consecutive patients with prostate cancer were studied using
projections
to carry less weight than high-quality projections.
99m
Tc-MDP. Of 50 focal lesions with abnormal tracer uptake, 61 percent (30/50) were
termedhas
equivocal
planar and
SPECT of
imaging.
However,
afterinSPECT/CT
evaluation,
There
been an on
expanding
utilization
IR in clinical
practice
recent years,
only 8 percent
still termed
equivocal.
Thus,dose
the use
of SPECT/CT
with integrated
primarily
due towere
the increased
focus
on radiation
optimization.
Of note,
Siemens
diagnostic CThas
wasbeen
ableplacing
to clarify
the diagnosis
in 84technical
percent of
equivocal
lesions.
In the
Healthineers
emphasis
on devising
solutions
that
can help
majority
of cases,
SPECT/CT
wasdose,
ablefor
to the
clearly
benign
or maligto
consistently
achieve
the right
rightpinpoint
diagnostic
task,(24
for percent)
every patient.
nantwas
(68 in
percent)
lesions
due toprinciple,
the morphological
clarity
provided
SixAsvertebral
This
line with
the ALARA
that is to use
a dose
that is by
“AsCT.
Low
lesions in five
patients were
reclassified
based
on CT
findings like sclerotic vertebral
Reasonably
Achievable”
to deliver
diagnostic
image
quality.
lesions on CT, suggesting malignancy or compression fracture in the vertebrae indicative
of the benign nature of the uptake. Certain SPECT/CT uptake patterns were rated as
benign uptake at the edge of vertebral bodies adjacent to the disc space or uptake in the
facet joints, but sparing the pedicles. However, uptake within vertebral bodies, including
pedicles, was suggestive of metastases.
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Characterization of solitary skeletal lesions, frequently in patients with known
malignancy, often presents diagnostic dilemmas. SPECT has been shown to improve
characterization of such lesions as compared to planar. Sudhakar,in a study of 20
patients (6 with known malignancy), showed additional detection of 30 percent of
solitary vertebral lesions by SPECT compared to planar bone scan.2 Metastatic lesions
were characterized by involvement of posterior vertebral body and pedicles. Lesions
localized to anterior vertebral body were commonly characterized as benign osteophytes. Other benign solitary lesions included osteoma, facet arthropathy, discitis,
spondylolysis, and transverse process fractures. SPECT/CT has also demonstrated
significant improvement in characterization of solitary bone lesions. Iqbal,in a cohort
of 80 patients with solitary bone lesions (50 with known cancer), demonstrated that
SPECT/CT significantly decreased the number of equivocal lesions compared to that
with planar imaging (63.8 percent equivocal lesions for planar imaging compared to
13.8 percent with SPECT/CT).3 In view of the 13.8 percent equivocal rate with SPECT/CT
(performed with non-diagnostic CT), there appears to be a significant scope of improveDevelopment
IR methods
ment
in diagnostic of
confidence
with improved SPECT reconstructions and integrated
high-quality
diagnostic
CT. degradation in image quality, most notably an increase
It is well known
that the
in image
noise,
is the
standard
tradeoff
achievingasawell
substantial
dosequantification
reduction.
xSPECT
Bone
images
with
improved
lesionfor
definition
as absolute
The
first
IR
technology
commercially
developed
by
Siemens
Healthineers
was
Iterative
of tracer uptake have the potential to further improve the evaluation of such
equivocal
Reconstruction
in
Image
Space
(IRIS*).
IRIS
directly
addressed
the
problem
of
increased
lesions.
image noise in reduced dose acquisitions.3 IRIS is a scientifically validated technology
4, 5
Such
anisequivocal
is highlighted
in in
thea example
Figure applications.
9. A patient with
renal
that
effective inlesion
reducing
image noise
variety ofinclinical
99m
cellHowever,
carcinoma
Tc-MDP
bone SPECT/CT.
3Dnoise
iterative
imagebut
shows
it isunderwent
expected that
IR technologies
not only The
aid in
reduction
also
in reducing spiral artifacts, which can be exacerbated when using CT acquisitions
with reduced dose or fast acquisition techniques. In response to this, the next IR
technology developed by Siemens Healthineers was the Sinogram Affirmed Iterative
Reconstruction (SAFIRE**), launched in 2010.6 SAFIRE was Siemens Healthineers’
first IR technology that integrated a correction loop in the raw-data domain (a.k.a.
“sinogram”) and added a model of the CT system geometry during the data forward
projection. This correction loop that operates through to the raw-data domain is
particularly helpful for reducing spiral artifacts. A second correction loop in image
space is applied iteratively to reduce image noise. SAFIRE has been used extensively
since its introduction, and a wealth of scientific literature has consistently supported
the capabilities of SAFIRE to reduce dose while maintaining high image quality in
applications ranging from routine to specialized body and neuro CT – in both adults
and pediatrics.7-10

Figure
9: Data
courtesy
University
Minnesota,
Minneapolis,
10: CT
mild sclerosis in the left lateral part of the vertebral
* In clinical
practice,
the use
of IRIS mayofreduce
CT patient
dose depending on the clinical Figure
task, patient
size,shows
anatomical
location, and
clinical practice. A consultation with a radiologist and a physicist should bebody,
madewhich
to determine
the
corresponds
exactly with the hypermetabolic area defined
Minnesota,
USA.
appropriate dose to obtain diagnostic image quality for the particular clinical task.
on xSPECT Bone with sparing of the pedicles, lamina, and transverse
** In clinical practice, the use of SAFIRE may reduce CT patient dose depending on the clinical task, patient size, anatomical
processes. This is strongly suggestive of early metastases.
location, and clinical practice. A consultation with a radiologist and a physicist should be made to determine the
appropriate dose to obtain diagnostic image quality for the particular clinical task. The following
test method
was used toof
Data courtesy
of University
determine a 54 to 60% dose reduction when using the SAFIRE reconstruction software. Noise, CT numbers, homogeneity,
low-contast resolution, and high contrast resolution were assessed in a Gammex 438 phantom. Low dose data reconstructed
with SAFIRE showed the same image quality compared to full dose data based on this test. Data on file.

Minnesota, Minneapolis, Minnesota, USA.
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Figure 11: Comparison of 3D iterative
reconstruction and xSPECT Bone in a
patient with prostate cancer delineates
a small hypermetabolic metastasis in
the posterior right iliac bone.
Data courtesy of Johns Hopkins
University, Baltimore, Maryland, USA.
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Introduction: Evolution of Siemens CT image reconstruction technologies
Image reconstruction is an essential technology that every computed tomography (CT)
scanner requires for operation. The function of CT image reconstruction is to translate
all of the acquired X-ray data (raw data) into a meaningful three-dimensional
representation of the patient. The most well-known method of image reconstruction
is commonly referred to as filtered back projection (FBP), in which measured X-ray
projections are directly translated into images. In most modern scanners, it is likely
that not all measured data can be used for image reconstruction with FBP,1 i.e., not
all radiation dose applied to the patient is actually used for image reconstruction. To
a solitary focal hypermetabolic lesion in the body of cervical vertebrae. 3D iterative
address this, Siemens Healthineers CT scanners offer an improved three-dimensional
reconstruction, however, is not able to clearly define the extent of the lesion and
FBP, called weighted filtered back projection (WFBP).2
involvement of pedicles. Since this was a solitary lesion, the possibility of a degenerative
cervicalcharacteristic
lesion could of
notboth
be ruled
out.WFBP
xSPECT
Bonethey
defines
theconsider
marginsstatistical
of the
A
common
FBP and
is that
do not
vertebral body,
pedicles,
spine,
and transverse
processes
clearly
localizes
the
properties
of measured
X-ray
projections.
What this
meansand
is that
all CT
projections
hypermetabolic
foci to the
left
lateral the
partsame,
of theregardless
vertebral of
body
of
collected
in the detectors
are
weighted
theirwithout
quality.involvement
With
the increased
pedicles, facet
lamina. Since
the of
location
of the
lesion does
not correlate
focusjoints,
in doseorreduction,
the lack
inclusion
of statistical
properties
with
the sites of FBP
degenerative
changes,anmetastases
a strong
possibility.
of
conventional
or WFBP become
important become
barrier that
prevents
further
radiation dose reduction. In an attempt to overcome such limitations, state-of-the-art
Another similar equivocal solitary skeletal lesion in a patient with untreated prostate
CT scanners have been developed with more advanced technology, known as iterative
cancer and progressively increasing PSA is reflected in Figure 11. A comparison of
reconstruction (IR). Not surprisingly, among the key advantages of IR is that the
standard 3D iterative reconstruction; images of bone SPECT and xSPECT Bone images
statistical properties of measured CT projection data can be readily incorporated into
at a slice through the sacroiliac joint depicts a small focal hypermetabolic area on
the CT image reconstruction process. This would allow, for example, low-quality (noisy)
the dorsal aspect of the Ileum adjacent to the right sacroiliac joint. When compared to
projections to carry less weight than high-quality projections.
SPECT with attenuation correction (AC), the xSPECT Bone images show sharp definition ofhas
thebeen
hypermetabolic
lesion
with clear
of the lesion
location
There
an expanding
utilization
of IR distinction
in clinical practice
in recent
years,from the
adjacent sacroiliac
margin.
With
iterative
reconstruction,
appears
primarily
due to the joint
increased
focus
on3D
radiation
dose
optimization.the
Of lesion
note, Siemens
larger and ill-defined,
and no distinction
ofdevising
the lesion
locationsolutions
from thethat
sacroiliac
joint
Healthineers
has been placing
emphasis on
technical
can help
is possible.
to
consistently achieve the right dose, for the right diagnostic task, for every patient.
This was in line with the ALARA principle, that is to use a dose that is “As Low As
CT (Figure 12) demonstrates a small focal area of sclerosis in the ileum adjacent to
Reasonably Achievable” to deliver diagnostic image quality.
but distinct from the right sacroiliac joint space, which corresponds exactly to the
focal hot area seen on the corresponding slices on xSPECT Bone. xSPECT also sharply
defines the right sacroiliac joint margin, thereby clearly differentiating the focal hot
Iliac bone lesion from the sacroiliac joint. The sharp definition of the focal bone lesion
when compared to the minor sclerosis seen in the corresponding CT slices illustrates
enhanced lesion margin resolution achieved by xSPECT Bone.
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Development of IR methods
It is well known that the degradation in image quality, most notably an increase

Figure 12: CT (top row) fusion of CT and xSPECT Bone (middle row) and
Figure 13: Comparison of 3D iteration and xSPECT Bone in a patient with
in image noise, is the standard tradeoff for achieving a substantial
dose reduction.
xSPECT Bone (bottom row) demonstrates sclerotic focal bone lesion in
prostate cancer with solitary vertebral pedicular lesion.
The
first
IR
technology
commercially
developed
by
Siemens
Healthineers
was Iterative
the posterior aspect of the right ileum adjacent to the right sacroiliac
courtesy of
Maximilians University, Munich, Germany.
Reconstruction
in Image
Space (IRIS*). IRIS directly addressed Data
the problem
ofLudwig
increased
joint
suggestive of a skeletal
metastasis.

image noise in reduced dose acquisitions.3 IRIS is a scientifically validated technology
that is effective in reducing image noise in a variety of clinical applications.4, 5
However, it is expected that IR technologies not only aid in noise reduction but also
in reducing spiral artifacts, which can be exacerbated when using CT acquisitions
with reduced dose or fast acquisition techniques. In response to this, the next IR
technology developed by Siemens Healthineers was the Sinogram Affirmed Iterative
Reconstruction (SAFIRE**), launched in 2010.6 SAFIRE was Siemens Healthineers’
first IR technology that integrated a correction loop in the raw-data domain (a.k.a.
“sinogram”) and added a model of the CT system geometry during the data forward
projection. This correction loop that operates through to the raw-data domain is
particularly helpful for reducing spiral artifacts. A second correction loop in image
space is applied iteratively to reduce image noise. SAFIRE has been used extensively
since its introduction, and a wealth of scientific literature has consistently supported
the capabilities of SAFIRE to reduce dose while maintaining high image quality in
applications ranging from routine to specialized body and neuro CT – in both adults
and pediatrics.7-10

Data courtesy of Johns Hopkins University, Baltimore, Maryland, USA.

Figure 14: CT shows well-circumscribed zone of sclerosis in the left
vertebral pedicle, which corresponds exactly to the zone of increased
tracer uptake in the fused images. Clear separation of the hyper
metabolic sclerotic region from the adjacent transverse process and
vertebral lamina, as well as the normal vertebral body, is delineated
in the fused images.

* In clinical practice, the use of IRIS may reduce CT patient dose depending on the clinical task, patient size, anatomical

Data
courtesy
Ludwig
Maximilians
University,
Munich,and
Germany.
location,
and of
clinical
practice.
A consultation
with a radiologist
a physicist should be made to determine the

appropriate dose to obtain diagnostic image quality for the particular clinical task.
** In clinical practice, the use of SAFIRE may reduce CT patient dose depending on the clinical task, patient size, anatomical
location, and clinical practice. A consultation with a radiologist and a physicist should be made to determine the
appropriate dose to obtain diagnostic image quality for the particular clinical task. The following test method was used to
determine a 54 to 60% dose reduction when using the SAFIRE reconstruction software. Noise, CT numbers, homogeneity,
low-contast resolution, and high contrast resolution were assessed in a Gammex 438 phantom. Low dose data reconstructed
with SAFIRE showed the same image quality compared to full dose data based on this test. Data on file.
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A patient with prostate cancer with borderline increase in PSA and no skeletal
symptoms showed focal increase in uptake in the left vertebral pedicle of T10 vertebrae
on 99mTc-MDP bone SPECT reconstructed with 3D iteration (Figure 13). xSPECT Bone
clearly localizes the lesion in the vertebral pedicle separate from the vertebral body
or lamina or transverse process, with sharp delineation of the spinal canal margins
as well as proper visualization of adjacent transverse process and lamina.

SPECT/CT-based anesthetic injections for treatment of bone pain, especially in
thoraco-lumbar spine and sacroiliac joints, have been successfully used. Cui used
SPECT and CT-guided intra-articular anesthetic injection in sacroiliac joint in 16
by
Juan
C.ankylosing
Ramirez-Giraldo,
Katharine
Grant, PhD,
99m
patients
with
spondylosis.4 PhD,
Sequential
Tc-MDPL.SPECT-based
follow-up
showed
significant
decrease in
sacroiliac joint uptake within 8 weeks of therapy
and
Rainer
Raupach,
PhD
accompanied by and correlating with a decrease in pain. Accurate delineation of
the exact site of articular hypermetabolism, as shown by xSPECT Bone SPECT and
CT fusion, can help pinpoint the site of anesthetic injection with the potential for
improving outcomes.

Introduction: Evolution of Siemens CT image reconstruction technologies

Figure 15 shows 99mTc-MDP bone SPECT in a patient with breast cancer with progressive
Image
reconstruction
is Bone
an essential
technology
thatimproved
every computed
tomography
(CT)
low back
pain. xSPECT
reconstructions
show
visualization
of vertebral
scanner
requires
for
operation.
The
function
of
CT
image
reconstruction
is
to
translate
bodies as well as pedicular and transverse process uptake and sharp delineation of
all
of the
X-ray
data
(raw data)
into
a meaningful
uptake
in acquired
the sacrum
and
sacroiliac
joint.
Increased
uptakethree-dimensional
in bilateral lumbar articular
representation of the patient. The most well-known method of image reconstruction
is commonly referred to as filtered back projection (FBP), in which measured X-ray
projections are directly translated into images. In most modern scanners, it is likely
that not all measured data can be used for image reconstruction with FBP,1 i.e., not
all radiation dose applied to the patient is actually used for image reconstruction. To
address this, Siemens Healthineers CT scanners offer an improved three-dimensional
FBP, called weighted filtered back projection (WFBP).2
A common characteristic of both FBP and WFBP is that they do not consider statistical
properties of measured X-ray projections. What this means is that all CT projections
collected in the detectors are weighted the same, regardless of their quality. With
the increased focus in dose reduction, the lack of inclusion of statistical properties
of conventional FBP or WFBP become an important barrier that prevents further
radiation dose reduction. In an attempt to overcome such limitations, state-of-the-art
CT scanners have been developed with more advanced technology, known as iterative
reconstruction (IR). Not surprisingly, among the key advantages of IR is that the
statistical properties of measured CT projection data can be readily incorporated into
the CT image reconstruction process. This would allow, for example, low-quality (noisy)
projections to carry less weight than high-quality projections.
Figure 15: Comparison of SPECT
and xSPECT Bone in a patient with
biltaral facet arthropathy.
Data courtesy of Johns Hopkins
University, Baltimore, Maryland, USA.
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There has been an expanding utilization of IR in clinical practice in recent years,
primarily due to the increased focus on radiation dose optimization. Of note, Siemens
Healthineers has been placing emphasis on devising technical solutions that can help
to consistently achieve the right dose, for the right diagnostic task, for every patient.
This was in line with the ALARA principle, that is to use a dose that is “As Low As
Reasonably Achievable” to deliver diagnostic image quality.
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processes secondary to bilateral facet arthropathy in L5 vertebrae is clearly delineated
along with clear visualization of spinal canal with xSPECT Bone. 3D iterative reconstruction, in comparison, shows comparatively blurred levels of uptake in the facets
with inadequate visualization of the spinal canal. Note the clear visualization of the
sacral foramina which shows hypodensity, as expected. Sharp margins of the rim of
the vertebral body show slightly increased uptake of tracer on xSPECT Bone due to the
presence of cortical bone, compared to the central part of the vertebral body showing
lower level of uptake due to spongy bone. Thus, xSPECT Bone reflects the true metabolism of the vertebral body. The linear area of slightly increased uptake in the left 10th
rib posteriorly is more prominently visualized in the xSPECT Bone maximum intensity
projection (MIP) image (left top) and reflects past traumatic fracture.
CT (Figure 16) shows sclerosis at bilateral facet joints which corresponds to the areas
of increased uptake on xSPECT Bone with clear separation of facet uptake from the
pedicle and transverse processes. Clear delineation of hypermetabolic foci within the
facet joints may help SPECT/CT-guided anesthetic therapy.

Development of IR methods

Figure 17 shows comparison of 3D iterative and xSPECT Bone reconstructions of
99m It is well known that the degradation in image quality, most notably an increase
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Reconstruction (SAFIRE**), launched in 2010.6 SAFIRE was Siemens Healthineers’
first IR technology that integrated a correction loop in the raw-data domain (a.k.a.
“sinogram”) and added a model of the CT system geometry during the data forward
projection. This correction loop that operates through to the raw-data domain is
particularly helpful for reducing spiral artifacts. A second correction loop in image
space is applied iteratively to reduce image noise. SAFIRE has been used extensively
since its introduction, and a wealth of scientific literature has consistently supported
the capabilities of SAFIRE to reduce dose while maintaining high image quality in
applications ranging from routine to specialized body and neuro CT – in both adults
and pediatrics.7-10

* In clinical practice, the use of IRIS may reduce CT patient dose depending on the clinical task, patient size, anatomical
location,
andand
clinical
practice.
A consultation
with aCT
radiologist
andthe
a physicist
should beFigure
made to
the
Figure
16: CT
fusion
of xSPECT
Bone and
delineate
sclerosis
17:determine
Comparison
of 3D iteration and xSPECT Bone in a patient
dose to obtain diagnostic image quality for the particular clinical task.
andappropriate
inflammation
in bilateral facet joints.
with intervertebral disc space infection.
** In clinical practice, the use of SAFIRE may reduce CT patient dose depending on the clinical task, patient size, anatomical
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Data
courtesy
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USA.should beData
of University
of Erlangen, Erlangen, Germany.
appropriate dose to obtain diagnostic image quality for the particular clinical task. The following test method was used to
determine a 54 to 60% dose reduction when using the SAFIRE reconstruction software. Noise, CT numbers, homogeneity,
low-contast resolution, and high contrast resolution were assessed in a Gammex 438 phantom. Low dose data reconstructed
with SAFIRE showed the same image quality compared to full dose data based on this test. Data on file.
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Introduction: Evolution of Siemens CT image reconstruction technologies
Figure 18: CT and fusion of xSPECT
Bone and CT shows intervertebral
disc space shortening with end plate
sclerosis along with skeletal
hypermetabolism in the sclerosed
end plates and within the
intervertebral disc space.
Data courtesy of University of Erlangen,
Erlangen, Germany.

Image reconstruction is an essential technology that every computed tomography (CT)
scanner requires for operation. The function of CT image reconstruction is to translate
all of the acquired X-ray data (raw data) into a meaningful three-dimensional
representation of the patient. The most well-known method of image reconstruction
is commonly referred to as filtered back projection (FBP), in which measured X-ray
projections are directly translated into images. In most modern scanners, it is likely
that not all measured data can be used for image reconstruction with FBP,1 i.e., not
all radiation dose applied to the patient is actually used for image reconstruction. To
address this, Siemens Healthineers CT scanners offer an improved three-dimensional
FBP, called weighted filtered back projection (WFBP).2
A common characteristic of both FBP and WFBP is that they do not consider statistical
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spaces, were suggestive of an intervertebral disc space infection.
There has been an expanding utilization of IR in clinical practice in recent years,
primarily due to the increased focus on radiation dose optimization. Of note, Siemens
Healthineers has been placing emphasis on devising technical solutions that can help
to consistently achieve the right dose, for the right diagnostic task, for every patient.
This was in line with the ALARA principle, that is to use a dose that is “As Low As
Reasonably Achievable” to deliver diagnostic image quality.
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Figure 20: CT shows sclerosis involving the entire left transverse process
which corresponds exactly to the zone of increased uptake on xSPECT
Bone SPECT reconstruction. Note the clear distinction of the increased
transverse process uptake from the adjacent rib uptake as well as distinction from the normal uptake levels in vertebral pedicle and lamina.
The transverse process lesion is clearly defined as a metastatic lesion.
Data courtesy of University of Minnesota, Minneapolis, Minnesota, USA.
Figure
19: 99mTc-MDP bone
SPECT
in a patient with treated prostate
Development
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transverse process and are clearly distinct from the vertebral pedicle,
that is effective in reducing image noise in a variety of clinical applications.4, 5
lamina and body. The pattern of involvement of transverse process is
However,
it is expected that IR technologies not only aid in noise reduction but also
strongly suggestive of metastases.

in reducing spiral artifacts, which can be exacerbated when using CT acquisitions
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In response

technology developed by Siemens Healthineers was the Sinogram Affirmed Iterative
Reconstruction (SAFIRE**), launched in 2010.6 SAFIRE was Siemens Healthineers’
first IR technology that integrated a correction loop in the raw-data domain (a.k.a.
Figure 22: CT shows the small focal sclerotic area in the medial part
“sinogram”) and added a model of the CT system geometry during
the data forward
of the left transverse process (arrow), which exactly corresponds to
projection. This correction loop that operates through to the raw-data
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Data courtesy of University
and pediatrics.7-10

Figure 21: This shows another patient with prostate carcinoma with
hypermetabolic foci in the transverse process of mid-thoracic vertebrae.
From the 3D iterative image, exact localization and characterization
of the lesion is difficult and the lesion would be labeled as equivocal.
xSPECT Bone images; however, clearly differentiate focal uptake in the
transverse process as well as uptake in the proximal end of the rib and
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costo-vertebral
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appropriate dose to obtain diagnostic image quality for the particular clinical task. The following test method was used to
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low-contast resolution, and high contrast resolution were assessed in a Gammex 438 phantom. Low dose data reconstructed
with SAFIRE showed the same image quality compared to full dose data based on this test. Data on file.
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Figure 23: 99mTc-MDP bone SPECT in
a patient with a history of breast
carcinoma with osteoporotic collapse
of L1 vertebrae and central hypodense
zone within the vertebral body,
corresponding to zone of osteolysis
and impaction with bulging cortical
rim with increased uptake. xSPECT
Bone also sharply defines the spinal
canal with encroachment of the
collapsed vertebral body margin
into it, which suggests possibility
of cord compression.

Data courtesy of University of Erlangen,
Erlangen, Germany.

Figure 24: CT shows collapsed central
part of vertebral body with focal
osteolysis with bony hyperdensity in the
lateral rim of the vertebral body. Fused
images show absence of tracer uptake
in the collapsed portion with increased
uptake in the lateral rim. Note the
visualization of the encroachment of
vertebral body into spinal canal both in
the CT and fused images, confirming
presence of cord compression,
as was anticipated from the
xSPECT Bone images.
Data courtesy of University of Erlangen,
Erlangen, Germany.
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Introduction: Evolution of Siemens CT image reconstruction technologies
Image reconstruction is an essential technology that every computed tomography (CT)
scanner requires for operation. The function of CT image reconstruction is to translate
all of the acquired X-ray data (raw data) into a meaningful three-dimensional
representation of the patient. The most well-known method of image reconstruction
is commonly referred to as filtered back projection (FBP), in which measured X-ray
projections are directly translated into images. In most modern scanners, it is likely
that not all measured data can be used for image reconstruction with FBP,1 i.e., not
all radiation dose applied to the patient is actually used for image reconstruction. To
address this, Siemens Healthineers CT scanners offer an improved three-dimensional
FBP, called weighted filtered back projection (WFBP).2
A common characteristic of both FBP and WFBP is that they do not consider statistical
properties of measured X-ray projections. What this means is that all CT projections
collected in the detectors are weighted the same, regardless of their quality. With
the increased focus in dose reduction, the lack of inclusion of statistical properties
of conventional FBP or WFBP become an important barrier that prevents further
radiation dose reduction. In an attempt to overcome such limitations, state-of-the-art
CT scanners have been developed with more advanced technology, known as iterative
reconstruction (IR). Not surprisingly, among the key advantages of IR is that the
statistical properties of measured CT projection data can be readily incorporated into
the CT image reconstruction process. This would allow, for example, low-quality (noisy)
projections to carry less weight than high-quality projections.
There has been an expanding utilization of IR in clinical practice in recent years,
primarily due to the increased focus on radiation dose optimization. Of note, Siemens
Healthineers has been placing emphasis on devising technical solutions that can help
to consistently achieve the right dose, for the right diagnostic task, for every patient.
This was in line with the ALARA principle, that is to use a dose that is “As Low As
Reasonably Achievable” to deliver diagnostic image quality.
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Figures 23 and 24 reflect a common clinical situation of vertebral collapse, either
related to osteoporosis or trauma. Percutaneous vertebroplasty (PV) is an established
treatment for vertebral collapse. Bone SPECT/CT is used in patients with vertebral
collapse as a pre-vertebroplasty procedure to help in patient selection, treatment
planning, and prediction of response to PV. A study was performed with a Symbia T 2
scanner on 33 patients with chronic pain secondary to vertebral compression fractures.
Regions of maximum uptake on SPECT were defined for planning of vertebroplasty
and bone cement infiltration.5 A total of 91% of patients with high vertebral uptake on
SPECT in the site of cementing showed clinical improvement. SPECT also demonstrated
alternative causes of pain in some cases, such as new fractures, persistent bone remodeling in previously cemented vertebra, or facet arthropathy. In these cases, SPECT/CT
was instrumental in defining proper therapy. Follow-up SPECT/CT demonstrated the
decrease in vertebral uptake following cementing correlating with recovery. In clinical
situations involving vertebral collapse, xSPECT Bone reconstructions could, possibly,
further help define regions of inadequate cementing and improve planning of percutaDevelopment
of IR methods
neous
vertebroplasty.
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However, it is expected that IR technologies not only aid in noise reduction but also
CT images (Figure 26) show large soft tissue mass involving the entire right sacrum
in reducing spiral artifacts, which can be exacerbated when using CT acquisitions
with bone destruction and extending to adjacent ileum with complete erosion of the left
with reduced dose or fast acquisition techniques. In response to this, the next IR
sacro-iliac joint. Part of the tumor extends to the left sacrum as well as slightly towards
technology developed by Siemens Healthineers was the Sinogram Affirmed Iterative
the left of the midline. There is considerable extension
of the soft tissue mass into the
Reconstruction (SAFIRE**), launched in 2010.6 SAFIRE was Siemens Healthineers’
pelvis, displacing the iliac vessels. Fused images show exact correlation of the SPECT
first IR technology that integrated a correction loop in the raw-data domain (a.k.a.
uptake to the edges of the eroded bone on the CT with increased uptake corresponding
“sinogram”) and added a model of the CT system geometry during the data forward
in intensity to the mild sclerosis in the eroded sacral margin and sacroiliac joint. The
projection. This correction loop that operates through to the raw-data domain is
relatively low intensity of uptake at the bony erosion margins reflects the absence of
particularly helpful for reducing spiral artifacts. A second correction loop in image
significant osteoblastic reaction to the bone destruction caused by the plasmacytoma.
space is applied iteratively to reduce image noise. SAFIRE has been used extensively
since its introduction, and a wealth of scientific literature has consistently supported
the capabilities of SAFIRE to reduce dose while maintaining high image quality in
applications ranging from routine to specialized body and neuro CT – in both adults
and pediatrics.7-10

* In clinical practice, the use of IRIS may reduce CT patient dose depending on the clinical task, patient size, anatomical
location, and clinical practice. A consultation with a radiologist and a physicist should be made to determine the
appropriate dose to obtain diagnostic image quality for the particular clinical task.
** In clinical practice, the use of SAFIRE may reduce CT patient dose depending on the clinical task, patient size, anatomical
location, and clinical practice. A consultation with a radiologist and a physicist should be made to determine the
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Introduction: Evolution of Siemens CT image reconstruction technologies
Image reconstruction is an essential technology that every computed tomography (CT)
scanner requires for operation. The function of CT image reconstruction is to translate
Figure 27: Comparison of 3D iteration and xSPECT Bone shows a lytic
Figure 28: CT and fusion of CT and xSPECT Bone shows exact coregistraall of the acquired X-ray data (raw data) into a meaningful three-dimensional
lesion in the shaft of left femur.
tion of the hypermetabolic edge of the lytic lesion in the left femoral
representation of the patient.shaft
Thetomost
well-known
method
image reconstruction
the erosion
of the inner
table of
of cortex.
Data courtesy of University of Erlangen, Erlangen,
Germany.
is commonly
referred to as filtered back projection (FBP), in which measured X-ray
Data courtesy
of University
of Erlangen,
Germany.
projections are directly translated
into images.
In most
modernErlangen,
scanners,
it is likely
that not all measured data can be used for image reconstruction with FBP,1 i.e., not
all radiation dose applied to the patient is actually used for image reconstruction. To
Another similar lytic skeletal lesion is depicted in Figure 27, which shows a SPECT/CT
address this, Siemens Healthineers CT scanners offer an improved three-dimensional
study of a 75-year-old man with a history of multiple myeloma with bilateral thigh
FBP, called weighted filtered back projection (WFBP).2
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SPECT/CT has higher accuracy compared to SPECT and planar bone scan for evaluation
of skull base osteomyelitis.6 Accuracy for SPECT/CT was 92 percent compared to 85
percent for SPECT only and only 46 present for planar bone scan. Improved resolution
of SPECT with better visualization of fine bony structures in the skull base, as visualized
on xSPECT Bone, along with enhancement and definition of uptake, could potentially
further improve imaging accuracy in such conditions, as evident from the previous case
of mastoid osteomyelitis.
SPECT/CT has significantly impacted imaging of joints, especially delineation of osteoarthritis, stress fractures, avascular necrosis, and infections. Sharper delineation of
joint hyper or hypometabolism, as well as joint spaces and articular margins achieved
with xSPECT Bone with perfect co-registration with CT, can potentially improve diagnostic confidence in joint imaging.
Figure 31 shows a SPECT/CT bone study in a 28-year-old athletic man who presented
with a chronic history of pain in both feet. xSPECT Bone reveals focal increase in uptake
Development
of IR methods joint exactly corresponding to the joint space and
within
the first metatarsophalangeal
adjacent subchondral regions. Increased uptake corresponds to osteophytes on the
It is well known that the degradation in image quality, most notably an increase
dorsal subarticular margin of the distal end of the first metatarsal.
in image noise, is the standard tradeoff for achieving a substantial dose reduction.
The first IR technology commercially developed by Siemens Healthineers was Iterative
Reconstruction in Image Space (IRIS*). IRIS directly addressed the problem of increased
image noise in reduced dose acquisitions.3 IRIS is a scientifically validated technology
that is effective in reducing image noise in a variety of clinical applications.4, 5
However, it is expected that IR technologies not only aid in noise reduction but also
in reducing spiral artifacts, which can be exacerbated when using CT acquisitions
with reduced dose or fast acquisition techniques. In response to this, the next IR
technology developed by Siemens Healthineers was the Sinogram Affirmed Iterative
Reconstruction (SAFIRE**), launched in 2010.6 SAFIRE was Siemens Healthineers’
first IR technology that integrated a correction loop in the raw-data domain (a.k.a.
“sinogram”) and added a model of the CT system geometry during the data forward
projection. This correction loop that operates through to the raw-data domain is
particularly helpful for reducing spiral artifacts. A second correction loop in image
space is applied iteratively to reduce image noise. SAFIRE has been used extensively
since its introduction, and a wealth of scientific literature has consistently supported
the capabilities of SAFIRE to reduce dose while maintaining high image quality in
applications ranging from routine to specialized body and neuro CT – in both adults
7-10
and pediatrics.
99m
Figure 29: Tc-MDP bone SPECT in a patient with left oto-mastoiditis
with suspicion of osteomyelitis. SPECT study shows focal area of
increased uptake in the left mastoid. xSPECT Bone shows enhanced
tracer uptake in the mastoid with improved definition of the extent of
uptake and the margins of the involved mastoid, along with improved
definition of the uptake in the adjacent skull bones and petrous temporal,
as well as improved definition of the maxillary bones and nasal septum.
Data courtesy of University of Minnesota, Minneapolis, Minnesota, USA.

Figure 30: CT shows a slight loss of trabeculation in the lateral aspect
of the mastoid process which corresponds to the region of highest tracer
uptake on xSPECT Bone SPECT. This strongly suggests osteomyelitis.
The lateral and medial margins are intact. Fusion of thin-slice CT and
xSPECT Bone show the exact co-registration of the increased uptake to
the mastoid process, especially localization of the area of maximum
uptake to the zone of loss of mastoid trabeculae. Note the absence of
spillage of activity beyond the mastoid bone margins due to the improved
edge definition of xSPECT Bone compared to 3D iteration. The maxillary
bones and nasal septum seen on CT also show exact co-registration with
xSPECT Bone reconstructions, which enables visualization of such fine
details and reflects true metabolism and tracer uptake levels.

* In clinical practice, the use of IRIS may reduce CT patient dose depending on the clinical Data
task, patient
size, of
anatomical
courtesy
University of
location, and clinical practice. A consultation with a radiologist and a physicist should be made to determine the
appropriate dose to obtain diagnostic image quality for the particular clinical task.
** In clinical practice, the use of SAFIRE may reduce CT patient dose depending on the clinical task, patient size, anatomical
location, and clinical practice. A consultation with a radiologist and a physicist should be made to determine the
appropriate dose to obtain diagnostic image quality for the particular clinical task. The following test method was used to
determine a 54 to 60% dose reduction when using the SAFIRE reconstruction software. Noise, CT numbers, homogeneity,
low-contast resolution, and high contrast resolution were assessed in a Gammex 438 phantom. Low dose data reconstructed
with SAFIRE showed the same image quality compared to full dose data based on this test. Data on file.

Minnesota, Minneapolis, Minnesota, USA.
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CT (Figure 32) shows subchondral sclerosis and joint space narrowing, which, in
addition to the overhanging osteophytes, indicate severe degenerative joint disease.
Despite mild sclerosis of the sesamoids, no abnormal tracer uptake is noted within
them on either side.
xSPECT Bone shows focal increase in uptake of 99mTc-MDP in the right talo-calcaneal
joint space (Figure 33) corresponding exactly to a bulky osteophyte within the joint
space, which suggests osteoarthritic changes.
The sharp definition of the focal uptake limited to and exactly corresponding to the
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and
image
quality
and Rainer Raupach, PhD
achieved with xSPECT Bone.

A small focal area of slightly increased uptake of 99mTc-MDP in the anterior and lateral
articular facet of the lower right tibia is also demonstrated on xSPECT Bone (Figures
34 and 35). The focal uptake exactly corresponds to a very small osteophyte. CT shows
Introduction: Evolution of Siemens CT image reconstruction technologies
a sclerotic growth plate scar without cortical disruption, displacement, or joint space
Image
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is anshows
essential
technology
that every
computedexactly
tomography
alteration.
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the articular
uptake
corresponding
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small
scanner
requires
for operation.
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while such
all
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three-dimensional
separation
could not
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with standard
SPECT reconstruction.
representation of the patient. The most well-known method of image reconstruction
is commonly referred to as filtered back projection (FBP), in which measured X-ray
projections are directly translated into images. In most modern scanners, it is likely
that not all measured data can be used for image reconstruction with FBP,1 i.e., not
all radiation dose applied to the patient is actually used for image reconstruction. To
address this, Siemens Healthineers CT scanners offer an improved three-dimensional
FBP, called weighted filtered back projection (WFBP).2
A common characteristic of both FBP and WFBP is that they do not consider statistical
properties of measured X-ray projections. What this means is that all CT projections
collected in the detectors are weighted the same, regardless of their quality. With
the increased focus in dose reduction, the lack of inclusion of statistical properties
of conventional FBP or WFBP become an important barrier that prevents further
radiation dose reduction. In an attempt to overcome such limitations, state-of-the-art
CT scanners have been developed with more advanced technology, known as iterative
reconstruction (IR). Not surprisingly, among the key advantages of IR is that the
statistical properties of measured CT projection data can be readily incorporated into
the CT image reconstruction process. This would allow, for example, low-quality (noisy)
projections to carry less weight than high-quality projections.
There has been an expanding utilization of IR in clinical practice in recent years,

Figure 31: Comparison of 3D iteration and xSPECT Bone in a patient with Figure 32: xSPECT Bone (bottom), xSPECT/CT (middle row), and CT (top)
primarily due to the increased
focus on radiation dose optimization. Of note, Siemens
ankle joint pain shows sharper definition of 99mTc-MDP uptake in the
images show severe degenerative changes in the first metatarsophalanHealthineers
has
been
placing
on devising technical solutions that can help
articular surface of the distal end of the bilateral first metatarsal, as
gealemphasis
joints.
to
consistently
achieve
the
right
dose,
for
the right diagnostic task, for every patient.
well as a small focal hot lesion in the left talo-calcaneal joint space.
Data courtesy of Johns Hopkins University, Baltimore, Maryland, USA.
This was in line with the ALARA
principle, that is to use a dose that is “As Low As
Data courtesy of Johns Hopkins University, Baltimore, Maryland, USA.

Reasonably Achievable” to deliver diagnostic image quality.
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Figure 33: xSPECT Bone (left), CT
(right), and fused images of CT and
xSPECT Bone (middle) show hypermetabolic osteophyte in the talo-calcaneal
joint space suggestive of osteoarthritis.
Data courtesy of Johns Hopkins
University, Baltimore, Maryland, USA.

The above clinical examples help to illustrate the unique image quality improvement
Development
of IR methods
that
xSPECT Bone brings
to skeletal scintigraphy. Sharp definition of lesion margins,
clear delineation of hyper and hypometabolic zones, and clear differentiation between
It is well known that the degradation in image quality, most notably an increase
cortical and spongy bone obtained by xSPECT Bone, together with the CT information
in image noise, is the standard tradeoff for achieving a substantial dose reduction.
about sclerotic and lytic lesions as well as soft tissue changes, may enhance the diagThe first IR technology commercially developed by Siemens Healthineers was Iterative
nostic confidence and, thereby, revolutionize skeletal scintigraphy.
Reconstruction in Image Space (IRIS*). IRIS directly addressed the problem of increased
image noise in reduced dose acquisitions.3 IRIS is a scientifically validated technology
that is effective in reducing image noise in a variety of clinical applications.4, 5
However, it is expected that IR technologies not only aid in noise reduction but also
in reducing spiral artifacts, which can be exacerbated when using CT acquisitions
with reduced dose or fast acquisition techniques. In response to this, the next IR
technology developed by Siemens Healthineers was the Sinogram Affirmed Iterative
Reconstruction (SAFIRE**), launched in 2010.6 SAFIRE was Siemens Healthineers’
first IR technology that integrated a correction loop in the raw-data domain (a.k.a.
“sinogram”) and added a model of the CT system geometry during the data forward
projection. This correction loop that operates through to the raw-data domain is
particularly helpful for reducing spiral artifacts. A second correction loop in image
space is applied iteratively to reduce image noise. SAFIRE has been used extensively
since its introduction, and a wealth of scientific literature has consistently supported
the capabilities of SAFIRE to reduce dose while maintaining high image quality in
applications ranging from routine to specialized body and neuro CT – in both adults
and pediatrics.7-10

Figure 34: A comparison of xSPECT Bone and 3D iteration in the same
patient shows sharp delineation of focal uptake at the articular surface
of the lower end of the right tibia.

Figure 35: xSPECT Bone (left) and CT (right) shows focal increase in
uptake at the anterior edge of the tibial articular surface corresponding
to a small osteophyte. The xSPECT Bone and CT fusion image (middle)
shows the uptake to correspond exactly to the anterolateral edge of
the articular surface without involving the cortical sclerotic growth
plate scar.
Data courtesy of Johns Hopkins University, Baltimore, Maryland, USA.

Data courtesy of Johns Hopkins University, Baltimore, Maryland, USA.
* In clinical practice, the use of IRIS may reduce CT patient dose depending on the clinical task, patient size, anatomical
location, and clinical practice. A consultation with a radiologist and a physicist should be made to determine the
appropriate dose to obtain diagnostic image quality for the particular clinical task.
** In clinical practice, the use of SAFIRE may reduce CT patient dose depending on the clinical task, patient size, anatomical
location, and clinical practice. A consultation with a radiologist and a physicist should be made to determine the
appropriate dose to obtain diagnostic image quality for the particular clinical task. The following test method was used to
determine a 54 to 60% dose reduction when using the SAFIRE reconstruction software. Noise, CT numbers, homogeneity,
low-contast resolution, and high contrast resolution were assessed in a Gammex 438 phantom. Low dose data reconstructed
with SAFIRE showed the same image quality compared to full dose data based on this test. Data on file.
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The clinical examples of xSPECT Bone shown in the previous chapters demonstrate
the improved image quality of SPECT skeletal scintigraphy using CT segmentation
information inside the SPECT reconstruction enabled by the precise xSPECT alignment of CT and SPECT. The sharper edge delineation achieved improves the definition
of lesion margins and enhances the localization of small hyper or hypometabolic
lesions. Such visual improvement in bone SPECT imaging has the potential not only
for improved lesion detection and characterization but also for improved treatment
by
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PhD,injections
Katharine
L. management
Grant, PhD,
planning
as intra-articular anesthetic
for pain
due to the
delineation
of the
exact location
and
Rainer
Raupach,
PhDof the active foci. xSPECT Bone thus shows potential
to impact a wide range of clinical situations, such as oncology and orthopedics.

Introduction: Evolution of Siemens CT image reconstruction technologies
Image reconstruction is an essential technology that every computed tomography (CT)
scanner requires for operation. The function of CT image reconstruction is to translate
all of the acquired X-ray data (raw data) into a meaningful three-dimensional
representation of the patient. The most well-known method of image reconstruction
is commonly referred to as filtered back projection (FBP), in which measured X-ray
projections are directly translated into images. In most modern scanners, it is likely
that not all measured data can be used for image reconstruction with FBP,1 i.e., not
all radiation dose applied to the patient is actually used for image reconstruction. To
address this, Siemens Healthineers CT scanners offer an improved three-dimensional
FBP, called weighted filtered back projection (WFBP).2
A common characteristic of both FBP and WFBP is that they do not consider statistical
properties of measured X-ray projections. What this means is that all CT projections
collected in the detectors are weighted the same, regardless of their quality. With
the increased focus in dose reduction, the lack of inclusion of statistical properties
of conventional FBP or WFBP become an important barrier that prevents further
radiation dose reduction. In an attempt to overcome such limitations, state-of-the-art
CT scanners have been developed with more advanced technology, known as iterative
reconstruction (IR). Not surprisingly, among the key advantages of IR is that the
statistical properties of measured CT projection data can be readily incorporated into
the CT image reconstruction process. This would allow, for example, low-quality (noisy)
projections to carry less weight than high-quality projections.
There has been an expanding utilization of IR in clinical practice in recent years,
primarily due to the increased focus on radiation dose optimization. Of note, Siemens
Healthineers has been placing emphasis on devising technical solutions that can help
to consistently achieve the right dose, for the right diagnostic task, for every patient.
This was in line with the ALARA principle, that is to use a dose that is “As Low As
Reasonably Achievable” to deliver diagnostic image quality.
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* In clinical practice, the use of IRIS may reduce CT patient dose depending on the clinical task, patient size, anatomical
location, and clinical practice. A consultation with a radiologist and a physicist should be made to determine the
appropriate dose to obtain diagnostic image quality for the particular clinical task.
** In clinical practice, the use of SAFIRE may reduce CT patient dose depending on the clinical task, patient size, anatomical
location, and clinical practice. A consultation with a radiologist and a physicist should be made to determine the
appropriate dose to obtain diagnostic image quality for the particular clinical task. The following test method was used to
determine a 54 to 60% dose reduction when using the SAFIRE reconstruction software. Noise, CT numbers, homogeneity,
low-contast resolution, and high contrast resolution were assessed in a Gammex 438 phantom. Low dose data reconstructed
with SAFIRE showed the same image quality compared to full dose data based on this test. Data on file.
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