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Introduction

The fusion of SPECT with diagnostic mul-
tislice CT has been one of the key drivers 
in nuclear medicine. As 3D iterative 
reconstruction became clinically feasible, 
it improved SPECT resolution and con-
trast.1 This, along with CT attenuation 
correction and lesion localization based 
on fusion of diagnostic CT and SPECT 
datasets, has improved accuracy and 
scope of SPECT imaging. 
One of the problems inherent to bone 
SPECT is the lower specificity, in spite of 
high sensitivity, due to the lower resolu-
tion of SPECT. Diagnostic CT information 
about individual lesions, for example the 
degree of lysis and sclerosis in bone 
metastases, often helps lesion character-
ization. However, several clinical ques-
tions about the nature and extent of a 
lesion often remain unanswered due to 
the limited mechanical fusion of CT with 
a lower resolution SPECT. 
Another limitation of SPECT/CT has 
been the lack of accurate and reproduc-
ible quantification, similar to what is 
available for PET. These limitations in 
conventional SPECT/CT makes quantita-
tive evaluation of lesions using sequen-
tial follow-up not possible in daily rou-
tine. Currently, most decisions about 
lesion progression or therapy response 
in conventional SPECT/CT are made 
using visual assessments or lesion to 
background ratios.

xSPECT* Image Quality

The new modality xSPECT changes the 
frame of reference from SPECT to CT and 
allows precise alignment of the two 

1 99mTc MDP bone SPECT reconstructed with 3D iterative reconstruction (top row) and xSPECT 
(bottom row) in a patient with a history of gastric carcinoma with normal distribution of tracer 
throughout the skeletal system. There is a visually significant improvement in image quality 
especially in the delineation of sharp margins of vertebral bodies, end plates and intervertebral 
discs, as well as vertebral canal, spinous and transverse processes. The vertebral canal, which is 
almost smeared over by spilled activity from the vertebral bodies in the conventional SPECT/CT, is 
clearly delineated on xSPECT. Conventional SPECT/CT shows complete absence of differentiation of 
ribs from transverse processes, while it is possible to clearly visualize and differentiate the vertebral 
end of the rib from transverse process on xSPECT images. Following injection of 370 MBq of 99mTc 
MDP, SPECT/CT imaging of the thoracic region was performed with a standard acquisition protocol 
of 64 frames with 20 seconds per frame. Diagnostic CT was performed as an integrated procedure 
prior to SPECT acquisition with 130 kV 50 mAs. The conventional SPECT/CT was reconstructed with 
20 iterations and 4 subsets with a Gaussian filter. xSPECT reconstruction was also used with the 
same dataset using zone information obtained from the CT data. Data courtesy of University of 
Erlangen, Germany
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modalities. This enables for instance the 
extraction and integration of medically 
relevant information from the CT into 
the SPECT creating a new xSPECT image. 
The extraction is based on delineation of 
skeletal tissue boundaries via a linear-
attenuation coefficient-based segmenta-
tion. This information is then used to 
reconstruct xSPECT Bone,* which 
achieves improvements in image quality 
and resolution. 

Quantification* with xSPECT

Furthermore, xSPECT in conjuction with 
a new system calibration and advanced 
reconstruction enables the image to be 
reproducibly quantitative for activity 
concentration measured in units of Bq/
ml for 99mTc labeled radiopharmaceuti-
cals imaged using a LEHR collimator.2 
Well counter-generated values of total 
injected dose and patient height and 
weight information, if provided, can 
yield standard uptake value (SUV) for 
the first time in SPECT. SUV generated 
by using xSPECT is not only reproduc-
ible, but also no longer strongly system 
dependent, as the xSPECT is calibrated 
to a common standard. xSPECT enables 
SPECT SUV in a clinical setting and pre-
pares the ground for future applications. 
The ability to generate such quantitative 
parameters reflects the potential of the 
true integration of SPECT and CT
being pioneered by Siemens with the 
introduction of Symbia Intevo™,* the 
world's first xSPECT system. 

xSPECT Bone in Skeletal 
Scintigraphy

Skeletal scintigraphy has been a main-
stay of nuclear medicine for decades. It 
is the key modality for detection and 
characterization of skeletal metastases, 
as well as characterization of numerous
non-malignant lesions of the bone 
including fractures, infections, avascular 
necrosis, degenerative and osteoarthritic 
bone and joint lesions.
Bone scintigraphy has evolved from pla-
nar to SPECT with cross-sectional visual-
ization. Diagnostic accuracy and confi-
dence with bone SPECT was further 
improved by introduction of SPECT/CT.

xSPECT achieves sharper definition of 
bone dense margins and lesion boundar-
ies. The resulting xSPECT images seem to 
better reflect the distribution of metaboli-
cally active bone within the skeletal sys-
tem with sharper differentiation between 
cortical and spongy bone in the verte-
brae, as well as in flat bones like the pel-
vis, scapula and skull. This also provides 
fine detail that helps differentiate 
between the cortex and marrow cavity in 
long bones and improved separation of 
bone from joint spaces—both for large 
joints such as knee and shoulder and 
small bones like carpals and tarsal bones.

xSPECT Quant*: Quantification 
in Bone Disease

Absolute quantification of skeletal 
metabolism by the measurement of 
bone concentration of tracer in Bq/ml 
has the potential to be of value in the 
assessment of bone graft function and
retention. Droll et al4 performed bone 
SPECT in 104 hips in 93 patients with 
osteonecrosis of the femoral head 
treated with vascularized fibular graft-
ing. The signal intensity of the graft was 
compared with the intensity of the ipsi-
lateral proximal femoral diaphysis and 

assigned a score of 1 if less than diaphy-
sis, 2 if equal to diaphysis and 3 if 
greater than diaphysis. Graft failure was 
defined as conversion to total hip arthro-
plasy. A total of 30 percent of the hips 
failed treatment with vascular fibular 
grafting and mean SPECT scores were 
significantly lower in the failed group 
compared to the group in which the 
bone graft was retained.
This pattern of scoring of the intensity of 
tracer uptake and comparison with adja-
cent normal bone can potentially be 
helped by the reproducible absolute quan-
titative values of tracer uptake within 
bone that can be obtained by xSPECT.
The intensity of lesional uptake visual-
ized in bone SPECT has been used in 
osteoarthritic knee joints for comparison 
with arthroscopic findings in order to 
grade severity of involvement of menisci 
and femoral condyles. Siegel et al5 com-
pared SPECT uptake intensity with 
arthroscopic findings in 41 patients and 
found significant correlation between 
uptake and severity of meniscal pathol-
ogy. This suggested the possibility that 
quantification using xSPECT could 
potentially be used to help make surgical 
decisions in such patients. 

2

2 xSPECT measurements in lumbar vertebrae of the patient in Figure 1 with normal tracer 
distribution in thoracic and lumbar vertebrae show tracer concentration of 69 kBq/ml and average 
SUV of 7.28 in the center of the T9 vertebral body. Injected dose: 574 MBq; patient weight: 64 
kg/141 lb; patient height: 1.72m/ 5'8". xSPECT measurements yielded average absolute tracer 
concentration of 56.70 +/- 17.21 kBq/ml and average SUV of 7.02 +/- 1.67.3 Data courtesy of 
University of Erlangen, Germany

SUVmax 8.67
SUVavg 7.28

69 kBq/ml
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Clinical Impact of xSPECT 
Bone: Equivocal Bone Lesions

Equivocal bone lesions are a common 
concern in skeletal scintigraphy. xSPECT 
Bone images with improved lesion defi-
nition, as well as absolute quantification 
of tracer uptake have the potential to 
improve the evaluation of such equivo-
cal lesions. Such an equivocal lesion is 
highlighted in the example in Figure 5. A 
patient with renal cell carcinoma under-
went 99mTc MDP bone SPECT/CT. The 
SPECT/CT image shows a solitary focal 
hypermetabolic lesion in the body of a 
cervical vertebrae. Conventional SPECT/
CT, however, is not able to clearly define 
the extent of the lesion and involvement 
of pedicles. Since this was a solitary 
lesion, the possibility of a degenerative 
cervical lesion could not be ruled out. 
xSPECT defines the margins of the verte-
bral body, pedicles, spine and transverse 
processes and clearly localizes the 
hypermetabolic foci to the left lateral 
part of the vertebral body without 
involvement of the pedicles or facet 
joints or lamina (Figure 6). Since the 
location of the lesion does not correlate 
with sites of degenerative changes, 
metastases is a possibility. 

xSPECT Quantification: 
Infection Imaging

Quantitative evaluation of tracer concen-
tration using xSPECT extends to all 99mTc 
labeled isotopes. One study where quan-
tification will potentially add value is 
characterization of the intensity and 
severity of infection detected by 99mTc 
labeled leucocytes, as well as sequential 
evaluation of such infective process to 
detect impact of antibiotic therapy. SUV 
can potentially help improve evaluation 
of such infective foci by providing objec-
tive values of uptake intensity although 
the clinical implications of SUV needs to 
be further ascertained. In cases of infec-
tion in prosthetic joints, this can poten-
tially help differentiate normal marrow 
hyperactivity from sites of infection, 
since intensity of uptake of labeled leu-
cocytes is expected to be significantly 
higher in infection.6

Sequential imaging with 99mTc HMPAO-
labeled leukocytes has been performed 
in ulcerative colitis to evaluate response 
to medical therapy.7 Twenty consecutive 
patients were imaged before and one 
week after initiation of medical therapy. 
The ratio of the maximum tracer uptake 
in the different colon segments to that of 
the lumbar vertebral bone marrow 
uptake was used as a semi-quantitative 
indicator of the intensity of colonic 
inflammation. All patients with clinical 
and endoscopic proof of response to 
medical therapy showed a positive 
response on sequential scintigraphy with 
significant decrease in the colonic seg-
mental uptake ratios. The majority of the 
non-responders showed a >10% increase 
in the sum of segmental ratios.
Most of these non-responders required 
colectomies. Since the ratio of the 
inflamed lesion to normal marrow is the 
key indicator in such cases, use of SUV 
based on quantitative xSPECT imaging 
could potentially be of major value in 
response assessment. 

xSPECT Quantification: 
Lung Perfusion

99mTc MAA lung perfusion scintigraphy is 
used for the preoperative determination 
of functional lung volume in patients 
with lung carcinoma. Manual or semiau-
tomatic determination of total perfused 
lung volume and regional lung function, 
as well as ratios of upper to lower lung 
zones, have been correlated with post-
operative FEV1 and act as reliable pre-
dictors of ventilatory function following 
lobectomy or pneumonectomy.8 Use of 
xSPECT based SUV may help further 
improve functional lung volume deter-
mination.

xSPECT Quantification: 
Liver Tumor

Another potential application of abso-
lute quantification with xSPECT is in the 
assessment of pulmonary shunting of 
intra-arterial hepatic infusion of 99mTc 
MAA, which is performed prior to intra-
arterial radionuclide therapy for liver 

3

3 Bone scintigraphy of a 66-year-old female patient with a history of adenocarcinoma of the 
lung. xSPECT Bone and conventional SPECT/CT in the pelvis and lumbar spine show higher 
uptake in the metastatic lesion in the sacroiliac joint with sharp lesion margins, as well as 
improved visualization of pelvic bones, sacral body, ala of sacrum and spinal canal. Focal 
hypermetabolic metastatic lesions in L1 and L4 vertebrae are well delineated on SPECT, with 
higher lesion intensity in xSPECT acquisitions. Small focal metastatic lesions in the acetabular 
margin and ischium are also better defined with higher lesion contrast. Data courtesy of Johns 
Hopkins University, Baltimore, Maryland, USA

xSPECT Bone
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tumors. Current approaches to shunt 
estimation involve the comparison of 
lung counts to those in the liver and is 
subjective and often inaccurate. 
Willowson et al9 used a quantitative 
approach similar to xSPECT to quantify 
the absolute activity in the lungs as a 
result of arteriovenous shunting and 
used the results to estimate absorbed 
dose to lung tissue at the time of treat-
ment. This paper demonstrates the 
potential of quantitative xSPECT for 
accurate estimation of shunts using 
more reproducible determination of vol-
ume and activity concentration of the 
shunted tracer. 

Conclusion

Preliminary studies with xSPECT have-
shown the potential to improve image 
quality and resolution using CT-based 
zoning achieved by xSPECT Bone.
Additionally, xSPECT enables the reli-
able measurment of tracer concentra-
tion in Bq/ml for 99mTc using LEHR colli-
mator, potentially enabling new clinical 
possibilities.

* Symbia Intevo, xSPECT, xSPECT Bone and xSPECT 
Quant are not licensed according to Canadian law, are 
pending 510(k) clearance, and are not yet commer-
cially available in the United States or in all countries 
worldwide. Due to regulatory reasons, its future avail-
ability cannot be guaranteed. Please contact your lo-
cal Siemens organization for further details.

**The concepts mentioned here are based on research 
and are not commercially available. Its future avail-
ability cannot be gauarenteed.
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4 xSPECT measurements of absolute tracer concentration and SUV in the same patient with multiple 
osteoblastic skeletal metastases. Data courtesy John Hopkins University, Baltimore,  Maryland, USA

65 kBq/ml 
SUVmax 4.91
SUVavg 4.07

373 kBq/ml 
SUVmax 20.34
SUVavg 13.74
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5 Conventional SPECT/CT and xSPECT images showing a small hypermetabolic cervical 
vertebral lesion.  Data courtesy of University of Minnesota, Minneapolis, Minnesota, USA

6 CT xSPECT Fusion

6 CT shows mild sclerosis in the left lateral part of the vertebral body which corresponds with 
the hypermetabolic area defined on xSPECT. Data courtesy of University of Minnesota, 
Minneapolis, Minnesota, USA


