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Objective Cardiac positron emission tomography
(PET)/CT imaging is a noninvasive procedure allowing
the assessment of coronary artery disease (CAD).
CT-based attenuation correction of PET data is essential
for accurate quantitative analysis in PET/CT imaging.
Coronary artery calcium scoring CT (CaScCT) is used

as a noninvasive tool for the diagnosis of atherosclerosis
in patients with medium risk for CAD. In addition to the
CaScCT examination, current cardiac rest/stress NH;

or '®F-fluorodeoxyglucose viability PET/CT protocols
incorporate a correlated low-dose CT scan for attenuation
correction purposes (ACCT). As a result, the patient
receives a non-negligible radiation dose. The aim of this
study is to evaluate the possibility of using CaScCT images
for AC of myocardial rest/stress/viability PET data with the
aim of reducing patient dose.

Methods Since in cardiac PET/CT protocols, the CaScCT
examination is usually reconstructed using a small
field-of-view, the CaScCT data were reconstructed again
with extended field-of-view (ExCaScCT) and used for AC
of the corresponding PET data. The feasibility study was
performed using 10 patients including four NH; perfusion
and six 18F-fluorodeoxyglucose viability examinations
acquired on the Biograph TP 64 PET/CT scanner. The
assessment of PET images corrected using both ACCT
and ExCaScCT images was carried out through qualitative
assessment performed by an expert nuclear medicine
specialist in addition to the regression analysis and the
Bland-Altman plots, and 20-segment myocardial bull’s
eye view analysis.

Results Despite the good agreement between PET
images corrected using ACCT and ExCaScCT images
as expressed by the correlation coefficient and slope
of the regression line in viability (0.949 £ 0.041 and

Introduction

Coronary artery disease (CAD) is one of the most impor-
tant syndromes causing death around the globe. Positron
emission tomography (PET) imaging is one of the well-
established tools for the evaluation of myocardial perfu-
sion and viability, ischemic and blood flow quantification
in patients with CAD [1,2]. As the heart is surrounded
by large organs of different densities such as the lung,
diaphragm and liver [3], patient-specific non-uniform
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0.994 £ 0.124) and stress perfusion examinations

(0.944 £0.008 and 0.968 +0.055), the rest perfusion
examinations had weak correlation (0.454 +0.203 and
0.757 £ 0.193). This is attributed to the fact that the CaScCT
scan is performed immediately after the stress/viability
ACCT in our protocol that leads to a small misalignment
between the CaScCT and stress/viability ACCT images,
whereas there is a large misalignment between the
CaScCT and rest ACCT images. The bull’s eye view
analysis showed that the difference between the uptake
values was larger in the inferior wall because of diaphragm
motion.

Conclusion Our preliminary results seem to suggest
that the calcium score study could be used for
attenuation correction of cardiac PET images, thus
allowing the elimination of ACCT in viability and stress
perfusion studies and as such reduce patient dose.
Nucl Med Commun 31:780-787 © 2010 Wolters Kluwer
Health | Lippincott Williams & Wilkins.
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attenuation correction (AC) of emission data is essential
for the correct interpretation of cardiac PET images [4].
With the advent of hybrid PET/CT scanners, CT images
are currently used for AC of the corresponding PET data
[5]. PET/CT systems offer significant advantages over
stand-alone PET including decreased overall scanning
time and improved localization of vessels or territories
in cardiac imaging. Dedicated cardiac PET/CT scanners
equipped with a 64-slice C'T capability are widely used for
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the assessment of cardiac disease, where clinical protocols
usually include CT angiography and calcium score exa-
minations. Cardiac PET imaging using '®F-fluorodeoxy-
glucose (FDG) is used for the evaluation of myocardial
viability whereas either 82Rb or '*N-ammonia (NH;) is
used for myocardial perfusion assessment. However, there
are some limitations in the use of C'T-based attenuation
correction (CTAC) including misalignment between the
emission and transmission images because of cardiac
motion [6,7], differences in temporal resolution between
PET and CT [8,9] and the propagation of CT artefacts
into PET images during the AC process [10-12].

The cardiac coronary calcium scan CT (CaScCT) is a
noninvasive method that evaluates the presence, location
and extent of calcified plaque in the coronary arteries
[13]. With the introduction of multislice CT, there is an
increasing interest to use CaScCT for the prognosis of
patients with medium risk for CAD [13-16]. High coro-
nary artery calcium scores act as a marker indicating
an elevated risk for cardiovascular disease [17,18]. In
addition, the association of anatomical information from
CaScCT with functional information provided by PET on
hybrid PET/CT systems contributes a valuable tool to the
clinicians for the interpretation, diagnosis and prog-
nosis of cardiovascular disease. A complete assessment
on a dedicated PET/CT scanner includes CT angiography,
CaScCTand one or two low-dose CT scans for AC of PET
data in viability or perfusion examinations [4,19,20]. The
need for three or four C'T examinations in a single session
increases patient dose [2,21], and as such dose reduction
remains an important and challenging issue.

The aim of this study is to evaluate the feasibility of using
CaScCT images for the purpose of AC in myocardial viabi-
lity and perfusion PET imaging with the aim of reducing
patient dose by removing one or more low-dose CT
examinations. "To the best of our knowledge, the feasibility
of using CaScCT for AC of cardiac SPECT data was only
recently reported [22]. Another more recent contribution
was independently reported on the same application for
cardiac perfusion PET imaging [23]. It is worth emphasizing
that in Buckhard e «/. [23], the investigators manually
aligned low-dose CT scans and CaScCT before performing
CTAC, whereas we relied on the relevance of hardware-
based alignment excluding the need for additional align-
ment as performed in routine clinical practice.

Materials and methods

PET/CT scanner

PET/CT imaging was performed using the Biograph TP
64 scanner (Siemens Medical Solutions, Erlangen, Germany)
offering advanced cardiovascular imaging capabilities in-
cluding volumetric CT to visualize the anatomy of the
heart’s blood vessels. The PET sub-system consists of 39
rings with a total of 24336 lutetium oxyorthosilicate
crystals of dimensions 4 x 4 x 25 mm®. The PET scanner
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operates in a fully three-dimensional mode and has an
axial field-of-view (FOV) of 162 mm. The CT sub-system
consists of a 40-rows ceramic detector with 1344 channels
per row and adaptive collimation. The CT scanner uses
the z-sharp technique to acquire 64 slices per rotation.

Study population

Ten patients including four NHj perfusion examinations
and six '"®F-FDG viability examinations were used in this
feasibility study. Their mean age was 66.5 =8 years
(range 56-82 years) with a mean body mass index of
29.4 + 4.6 kg/m® (range 24.1-37.8kg/m?). All patients
underwent routine PET/CT examinations in our depart-
ment. For "*F-FDG studies, the protocol consists of a low-
dose CT scan (ACCT) for CTAC [120 kVp, 74 effective
mAs (CareDose), 24 x 1.2 collimation, 0.45:1 pitch, 1s
rotation time] with regular shallow breathing followed by
a CaScCT scan (120kVp, 190 effective mAs, 24 x 1.2
collimation, 0.2 : 1 pitch, 0.33 s rotation time) acquired in
breath hold at end-inspiration. PET data were then
acquired for 10min in a list-mode format. For NH;
studies, after injection of a pharmacological stress test
(dipyridamole), a low-dose CT scan (120 kVp, 74 effective
mAs, 24 x 1.2 collimation, 0.45: 1 pitch, 1 s rotation time)
was performed with regular breathing instructions fol-
lowed by the CaScCT scan (120 kVp, 190 effective mAs,
24 x 1.2 collimation, 0.2:1 pitch, 0.33s rotation time)
with breath hold at end-inspiration. PET emission data
(stress examination) were then acquired for 6 min in a
list-mode format. Thereafter, a second injection of 13N-
ammonia was performed (rest examination), followed by a
low-dose CT using the same parameters described above
for the stress study. The level of calcium present in this
population was relatively low.

Calcium score-based attenuation correction

The routine cardiac PET/CT protocol involves a small
FOV reconstruction (200 mm) of the CaScCT scan. To use
CaScCT for AC, the raw CT data were re-reconstructed
with an extended FOV (700 mm) option. This recon-
structed image is referred to as ExCaScCT. The three-
dimensional PET list-mode data were first rebinned to
two-dimensional sinograms and subsequently corrected
for detector sensitivity, dead time and scatter. Subse-
quently, the emission data of all the patients (both viabi-
lity and perfusion examinations) were corrected for attenua-
tion using both ACCT and ExCaScC'T. PET images were
reconstructed using the attenuation weighted, ordered
subset expectation maximization iterative reconstruction
algorithm. The default parameters used for the recon-
struction of clinical studies were eight subsets, six itera-
tions, 5mm Gaussian smoothing and a 256 x 256 image
matrix. Furthermore, the misalignment between ACCT
and ExCaScCT was quantified using the commercial
coregistration package provided in the HERMES multi-
modality fusion software (Hermes Medical Solutions,
Stockholm, Sweden). An in-house developed software
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implemented in MATLAB (The MathWorks Inc., Natick,
Massachusetts, USA) was used for the generation of
attenuation maps from both ACCT and ExCaScCT images.

Assessment strategy

A volume of interest (VOI)-based quantitative analysis
was performed on the myocardial wall of PET images for
the assessment of the influence of ACCT and ExCaScCT
on the recovery of activity during the AC process. Nearly
200 VOIs were drawn in the myocardial wall in each
PET image and a linear regression correlation and Bland-
Altman plots were generated between the PET data
corrected for attenuation with ACCT and ExCaScCT.
The correlation coefficient (R?) and the slope () of the
regression line were determined. Moreover, perfusion
and viability PET images were evaluated using a
20-segment model of bull’s eye view for the left myo-
cardium ventricle. Each region of the bull’s eye view was
normalized to the maximum value, and relative percen-
tage counts (0-100) in each segment were converted to
five-point scores, namely 0= normal counts, 1 = mild
reduction in counts, 2 = moderate reduction in counts,
3 =severe reduction in counts and 4 =absent counts
[24]. For further quantitative assessment, the summed
stress score (SSS) and summed rest score were used for
the evaluation of perfusion scores for the stress and rest
images of perfusion examinations. We defined a new
parameter entitled the summed metabolism score (SMS)
for the evaluation of viability examinations defined as the
total score in all segments in the bull’s eye view model.

We calculated the mean absolute percentage difference
of tracer uptake in all segments in the myocardial wall as
related to the bull’s eye view analysis. Linear correlation
and Bland-Altman plots were calculated to assess the
agreement between the two AC techniques (ACCT and
ExCaScCT).

Statistical analysis

Agreement between ACCT and ExCaScCT in the AC
PET images was expressed by linear regression analysis
(Pearson’s correlation coefficient and slope of the regression
line) and Bland-Altman analysis using a 95% confidence
interval reported as mean = 1.96 x SEM. Comparison of
uptake values in PET as related to the bull’s eye view was
evaluated using the two-sided paired #-test. P values less
than 0.05 was considered statistically significant. Statis-
tical analysis was performed using the SPSS software
(SPSS Inc., Chicago, Illinois, USA, version 16).

Results

Table 1 summarizes the misalignment between ACCT
and ExCaScCT images as evaluated by rigid-body regi-
stration using the HERMES multimodality fusion soft-
ware. The larger misalignment between the ACCT and
ExCaScCT in the NH; rest examinations is because of
the fact that rest ACCT is acquired after the stress

Table 1 Evaluation of misalignment between ACCT and ExCaScCT
images for all patients in this study

Examination x (cm) y (cm) z (cm) xy () xz (%) yz (%)
1V 0.827 -0.004 0.978 0.035 0.012 -0.138
2V 0.034 0.024 -0.586 -0.07 0.134 0.428
3V 0.182 -0.156 0.684 -0.006 0.079 -0.159
4V 0.542 0.031 0.002 -0.222 0.313 -0.272
5V 0.104 -0.165 6.369 0.034 -0.184 0.604
)% -0.036 0.088 0.261 0.075 0.116 0.400
7S -0.002 0.125 0.018 0.161 0.012 -0.041
7R 1.634 0.172 0.191 0.643 0.154 0.095
8S 0.143 -0.008 0.782 -0.104 0.002 0.442
8R -0.249 -0.082 1.006 0.023 0.163 0.691
9S -0.255 0.007 1.396 0.022 -0.002 0.45
9R -0.086 0.107 1.004 -0.122 -0.008 -0.055
10S 0.367 0.253 0.719 0.417 0.197 0.741
10R 0.687 0.310 0.677 0.559 0.622 0.152

X, Y, Z translation in the x, y, z direction.

XY, XZ, YZ rotation in the xy, xz, yz planes.

ACCT, attenuation correction computed tomography; ExCaScCT, extended
coronary artery calcium scoring CT; R, rest mode in perfusion examination; S,
stress mode in perfusion examination; V, viability examination.

examination whereas the CaScCT scan is acquired right
after stress ACCT thus ensuring minimal misalignment.
As our aim is to replace ACCT by ExCaScCT for use in
AC of PET data, an understanding of the level of mis-
alignment between these two CT images makes sense for
the purpose of this study. A low misalignment between
these images guarantees reproducible and similar results
when ACCT is replaced with ExCaScCT during the
CTAC procedure.

Figure 1 shows a typical transaxial slice from ACCT,
CaScCT, ExCaScCT and the generated attenuation maps
(umaps) reconstructed using the calculated AC factors
extracted from the scanner database. The difference
between the two generated pmaps is also shown. The
matching of myocardial outline indicated an acceptable
alignment between the two methods. Figure 2 shows a
typical short axis, vertical and horizontal long axis slices
and a polar map for one of the viability examinations
corrected for attenuation using both ACCT and Ex-
CaScCT. A good correlation is obvious between PET
images corrected with both the CT images in all
segments of the myocardial wall.

Figure 3 shows the correlation plot between PET data
corrected for attenuation using ACCT and ExCaScCT
for one viability examination and one perfusion (rest and
stress) examination. It should be noted that 200 VOIs
were used for the calculation of the correlation plot in
each PET image. VOIs of varying size were drawn in
different areas of the myocardium to cover the entire
myocardial area.

The correlation coefficients and slopes resulting from
the regression analysis of the VOIs for all the patients
are presented in Fig. 4. There is an excellent correlation
between the mean uptake value in the myocardial wall
when using ACCT and ExCaScCT for AC of the viability
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Fig. 1
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0.04

-0.02

A typical transaxial slice showing CT images corresponding to (a) attenuation correction computed tomography (ACCT) (b) coronary artery calcium
scoring CT, (c) extended coronary artery calcium scoring CT (ExCaScCT), and generated attenuation maps (umaps) illustrating (d) ACCT, (e)
ExCaScCT (f) difference image between ACCT and ExCaScCT. The scale is also shown for the latter.

and stress perfusion studies, whereas there is a weak
correlation in the rest perfusion study because of the
large misalignment between rest ACCT and ExCaScCT.

The mean absolute percentage difference of tracer
uptake in all myocardial segments for both viability and
perfusion examinations (excluding the rest perfusion
examination) are summarized in Table 2. Given that a
difference exceeding 10% between the two different
methods could be clinically significant for the clinical
interpretation of PET images [19], it seems that there is
a small discrepancy between PET images corrected using
both the AC techniques in each myocardial region.

Figure 5a shows the linear regression plot between the SSS
(perfusion) and SMS (viability) calculated from the bull’s
eye view analysis of PET images corrected for attenuation
using both ACCT and ExCaScCT for all the patients
included in this study (stress perfusion and viability exa-
minations excluding rest perfusion because of the large
misalignment between rest ACCT and ExCaScCT). An
excellent correlation was also found for SSS and SMS
between the PET images corrected for attenuation using
ACCTand ExCaScCT (R° = 0.967, P = 0.825). The Bland—
Altman plot shown in Fig. 5b showed that the measured
uptake values for the majority of patients (viability and
stress perfusion) are within the 95% confidence interval.

Discussion

The combination of molecular and anatomical imaging
achieved by PET/CT scanners, particularly those with a
64-slice (and above) CT capability dedicated for coronary
angiography is a powerful tool for the diagnosis and

prognosis of cardiac disease. Nowadays, calcium scoring is
more widely adopted and is considered as the marker of
choice for the prediction of extension of heart disease in
medium risk CAD patients.

CTAC substantially reduces the total scanning time and
yields much lower statistical noise in the generated
attenuation maps [20]. However, full heart assessment
using cardiac PET/CT imaging including angiography,
coronary calcium score, viability and/or perfusion is consi-
dered a high-dose examination. This study considered the
possibility of using the coronary calcium score CT scan for
CTAC of cardiac PET data with the aim of reducing
patient dose in a full heart assessment using a dedicated
64-slice PET/CT scanner. Moreover, the misalignment
between ACCT and ExCaScCT was investigated using the
qualitative visual assessment performed by an experienced
nuclear medicine physician and quantitative analysis.

In Fig. 3c, there is a considerable number of data points
lying below and separated from the line of regression
because of the larger magnitude of misalignment be-
tween PET and CaScCT images, which results in a lower
correlation between the data points. These data points
belong to the ROIs located close to the border of the
myocardial wall where the lung tissue will overlie with
the myocardial wall because of the different respiratory
patterns and as such result in lower activity recovery in
comparison with PET data corrected using ACCT.

Figure 4 shows a good correlation between the corrected
PET images using ACCT and ExCaScCT in the viability
and stress perfusion examinations, whereas a weak
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Fig. 2

(a) Apical

Inferior

(a) Representation of typical short, vertical and horizontal long axis viability positron emission tomography images. Top row shows images corrected
for attenuation using attenuation correction computed tomography whereas the bottom row shows images corrected using extended coronary artery
calcium scoring CT. (b) Bull's eye view of one of the viability examinations corrected for attenuation using both attenuation correction computed

tomography (left) and extended coronary artery calcium scoring CT (right).

correlation was observed in the rest perfusion examina-
tion. As discussed earlier, this is mainly because of the
fact that in our protocol, CaScCT and stress ACCT
were acquired right before the stress PET emission scan,
whereas the rest ACCT was acquired 20 min later before
the rest emission scan and as such there is a large
misalignment between CaScCT and rest ACCT. Earlier
studies have shown that a combination of many factors
such as patient motion, respiratory and cardiac motion,
and pharmacological stress could cause significant mis-
alignment between the CT and PET images [20,25].
These errors may create an erroneous AC factor and cause
lower uptake values in some segments, thus leading to a
false—positive diagnosis of the myocardial wall.

Respiratory motion can cause artefacts in corrected PET
images and this effect is more critical for cardiac imaging

[26]. Our results indicate that the variation of uptake value
is more significant at the inferior wall compared with the
other walls (Table 2) because of the respiratory motion. This
is in agreement with Livieratos ¢ @/, [27] who reported that
cardiac excursion during respiration had the most variation in
the cranio-caudal direction compared with the transverse and
horizontal directions. In line with the observations made by
Chin ez al. [28], regional uptake values in PET images correc-
ted using both the AC techniques (ACCT and ExCaScCT)
decrease at the inferolateral wall. In agreement with the
results of Le Meunier e 4/ [29], the regional difference
activity showed a greater decrease in the anterolateral region
compared with the septal region.

No significant differences were observed between PET
images corrected using both the AC techniques (viability
and stress perfusion examinations) when comparing the
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Correlation plots between the positron emission tomography (PET)
images corrected for attenuation using attenuation correction
computed tomography (ACCT) and extended coronary artery calcium
scoring CT (ExCaScCT). (a) Viability examination, (b) stress perfusion
examination and (c) rest perfusion examination (n=200, P<0.0001).

score value in 20 segments of the myocardial model
(Fig. 5). More recently, Burkhard ez @/ [23] showed that
the CaScCT scan can be used for AC of both the rest and

of this study is to evaluate the feasibility of using
CaScCT images for the purpose of AC in myocardial
viability and perfusion PET imaging (the study by
Burkhard ¢ 4/. was limited to myocardial perfusion) with
the aim of reducing patient dose in cases when we can
rely on hardware-based alignment as performed in routine
clinical practice, thus excluding the need for additional
software-based registration. Owing to the large misalign-
ment between CaScCT and rest PET images, deformable
registration is required in those cases, as the rigid-body
manual registration as performed by Burkhard ez /. [23]
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(a) Linear regression analysis and (b) Bland—Altman plot comparing
scoring uptake values [summed stress score (SSS) for stress perfusion
and summed metabolism score (SMS) for viability examinations] of
positron emission tomography (PET) images in the 20-segment model
of bull's eye view corrected using attenuation correction computed
tomography (ACCT) versus extended coronary artery calcium scoring
CT (ExCaScCT) for all patients included in this study (viability and
stress perfusion examinations, the rest data were excluded). SEM is the
standard error of the mean defined as SD//z).

Table 2 Variation of uptake values in myocardial wall through
bull’'s eye view in PET images for all patients corrected with ACCT
and ExCaScCT

Myocardial wall Mean absolute percentage difference in uptake value (% + SD)

Anteroseptal 252+2.1
Anterolateral 257+1.9
Lateroanterior 2.26+2.0
Lateroinferior 3.02+25
Inferolateral 5.68+4.0
Inferoseptal 6.568+45
Septoinferior 4.02+3.9
Septoanterior 3.81+£3.6
Apex 1.92+1.1

ACCT, attenuation correction computed tomography; ExCaScCT, extended
coronary artery calcium scoring CT.

has limited value. This is being investigated now using
the deformable registration approach suggested by Bond
et al. [30] and will be reported in future studies. One of

the main achievements of this study is the possibility of
using CaScCT for both perfusion and viability PET
studies when an optimized acquisition protocol that does
not require software-based alignment of CaScCT and
PET images is available.

In our protocol, the patient-absorbed dose delivered by
ACCT and CaScCT were 6 and 12.81 mGy, respectively.
This study shows the possibility of using the CaScCT
scan for AC thus eliminating the ACCT scan in both
viability and stress perfusion examinations. This modified
protocol can reduce the patient dose by at least 6 mGy.
Our future efforts will be directed towards expanding
the number of patient examinations using a large pool of
clinical data sets. Although the present analysis did not
show significant differences between PET images cor-
rected for attenuation using ACCT and ExCaScCT in
viability and stress perfusion examinations, whether or
not this approach can be adopted clinically remains to be
explored.

Conclusion

The preliminary results of this study showed that
ExCaScCT can be a used for CTAC of PET images. This
feasibility study suggested the potential to eliminate the
ACCT scan in viability and stress perfusion studies for the
described protocol, thus allowing a substantial reduction
of patient dose.

Acknowledgements

This study was supported by Shahid Behshti University
and Research Center for Science and Technology in
Medicine, Tehran University of Medical Sciences under
grant No. 86/202 and the Swiss National Science Found-
ation under grant No. 31003A0-125246. The authors would
like to acknowledge Mohammad Hossin Farhani for pro-
viding software used for image processing.

References

1 Kaufmann PA, Camici PG. Myocardial blood flow measurment by PET:
tecnical aspects and clinical applications. J Nucl/ Med 2005; 46:75-88.

2 Schwaiger M, Ziegler S, Nekolla SG. PET/CT: challenge for nuclear
cardiology. J Nuc/ Med 2005; 46:1664-1678.

8 Pan T, Mawlawi O, Luo D, Liu HH, Chi PC, Mar MV, et al. Attenuation
correction of PET cardiac data with low-dose average CT in PET/CT.
Medical Physics 2006; 33:3931-3938.

4 Koepfli P, Hany TF, Wyss CA, Namdar M, Burger C, Konstantinidis AV, et al.
CT attenuation correction for myocardial perfusion quantification using a
PET/CT hybrid scanner. J Nuc/ Med 2004; 45:537-542.

5 Zaidi H, Montandon ML, Alavi A. Advances in attenuation correction
techniques in PET. PET Clinics 2007; 2:191-217.

6 Martinez-Mdller A, Souvatzoglou M, Navab N, Schwaiger M, Nekolla SG.
Artifacts from misaligned CT in cardiac perfusion PET/CT studies:
frequency, effects, and potential solutions. J Nuc/ Med 2007; 48:188-193.

7 Fitzpatrick GM, Wells RG. Simulation study of respiratory-induced errors in
cardiac positron emission tomography/computed tomography. Med Phys
2006; 33:2888-2895.

8 Chi PC, Mawlawi O, Nehmeh SA, Erdi YE, Balter PA, Luo D, et al. Design
of respiration averaged CT for attenuation correction of the PET data from
PET/CT. Medical Physics 2007; 34:2039-2047.

9 Alessio AM, Kohimyer S, Branch K, Chen G, Caldwell J, Kinahan P.

Cine CT for attenuation correction in cardiac PET/CT. J Nucl Med 2007;
48:794-801.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



20

Bockisch A, Beyer T, Antoch G, Freudenberg LS, Kuhl H, Debatin JF, et al.
Positron emission tomography/computed tomography imaging protocols,
artifacts, and pitfalls. Mol Imaging Biol 2004; 6:188-199.

DiFilippo FP, Brunken RC. Do implanted pacemaker leads and ICD

leads cause metal-related artifact in cardiac PET/CT? J Nucl Med 2005;
46:436-443.

Sureshbabu W, Mawlawi O. PET/CT imaging artifacts. J Nuc/ Med Technol
2005; 33:156-161. quiz 63-64.

Greenland P, Bonow RO, Brundage RH, Boudoff MJ, Eisenberg MJ,
Grundy SM, et al. E. ACCF/AHA 2007 clinical expert consensus document
on coronary artery calcium scoring by computed tomography in global
cardiovascular risk assessment and in evaluation of patients with chest pain.
J Am Coll Cardiol 2007; 49:378-402.

Berman DS, Wong ND, Gransar H, Miranda-Peats R, Dahlbeck J, Hayes SW,
et al. Relationship between stress-induced myocardial ischemia and
atherosclerosis measured by coronary calcium tomography. J Am Coll
Cardiol 2004; 44:923-930.

Hecht HS, Budoff MJ, Berman DS, Ehrlich J, Rumberger JA. Coronary
artery calcium scanning: clinical paradigms for cardiac risk assessment
and treatment. Am Heart J 2006; 151:1139-1146.

Berman DS, Hachamovitch R, Shaw LJ, Friedman JD, Hayes SW,
Thomson LEJ, et al. E. Rolles of nuclear cardiology, cardiac computed
tomography, and cardiac magnetic resonance: noninvasive risk stratification
and a conceptual framework for the selection of noninvasive imaging tests
in patients with known or suspected coronary artery disease. J Nucl/ Med
2006; 47:1107-1118.

Arad Y, Goodman KJ, Roth M, Newstein D, Guerci AD. Coronary
calcification, coronary disease risk factors, C-reactive protein, and
atherosclerotic cardiovascular disease events: the St Francis Heart Study.
J Am Coll Cardiol 2005; 46:158-165.

Haberl R, Becker A, Leber A, Knez A, Becker C, Lang C, et al. Correlation
of coronary calcification and angiographically documented stenoses in
patients with suspected coronary artery disease: results of 1764 patients.
J Am Coll Cardiol 2001; 37:451-457.

Lautamaki R, Brown TL, Merrill J, Bengel FM. CT-based attenuation
correction in (82)Rb-myocardial perfusion PET-CT: incidence of
misalignment and effect on regional tracer distribution. Eur J Nucl Med
Mol Imaging 2008; 35:305-310.

Souvatzoglou M, Bengel F, Busch R, Kruschke C, Fernolendt H, Lee D,

et al. Attenuation correction in cardiac PET/CT with three different CT

21

22

23

24

25

26

27

28

29

30

CaScCT-based AC in cardiac PET imaging Ghafarian et al. 787

protocols: a comparison with conventional PET. Eur J Nucl Med Mol
Imaging 2007; 34:1991-2000.

Siegrist PT, Husmann L, Knabenhans M, Gaemperli O, Valenta I,
Hoefflinghaus T, et al. (13)N-ammonia myocardial perfusion imaging
with a PET/CT scanner: impact on clinical decision making and cost-
effectiveness. Eur J Nucl Med Mol Imaging 2008; 35:889-895.
Schepis T, Gaemperli O, Koepfli P, Ruegg C, Burger C, Leschka S, et al.
Use of coronary calcium score scans from stand-alone multislice
computed tomography for attenuation correction of myocardial perfusion
SPECT. Eur J Nucl Med Mol Imaging 2007; 34:11-19.
10.1007/s00259-006-0173-8 10.1007/s00259-006-0173-8.

Burkhard N, Herzog BA, Husmann L, Pazhenkottil AP, Burger IA,
Buechel RR, et al. Coronary calcium score scans for attenuation
correction of quantitative PET/CT (13)N-ammonia myocardial perfusion
imaging. Eur J Nucl Med Mol Imaging 2010; 37:517-521. 10.1007/
s00259-009-1271-1 10.1007/s00259-009-1271-1.

Schelbert HR, Beanlands R, Bengel F, Knuuti J, Dicarli M, Machac J,

et al. PET myocardial perfusion and glucose metabolism imaging:

part 2-guidelines for interpretation and reporting. J Nucl Cardiol 2003;
10:557-571.

Loghin C, Sdringola S, Gould KL. Common artifacts in PET

myocardial perfusion images due to attenuation-emission misregistration:
clinical significance, causes, and solutions. J Nuc/ Med 2004;
45:1029-1039.

McQuaid SJ, Hutton BF. Sources of attenuation-correction artefacts in
cardiac PET/CT and SPECT/CT. Eur J Nucl Med Mol Imaging 2008;
35:1117-1123.

Livieratos L, Stegger L, Bloomfield PM, Schafers K, Bailey DL, Camici PG.
Rigid-body transformation of list-mode projection data for respiratory
motion correction in cardiac PET. Phys Med Biol 2005; 50:3313-3322.
Chin BB, Nakamoto Y, Kraitchman DL, Marshall L, Wahl R. PET-CT
evaluation of 2-deoxy-2-['®Flfluoro-D-glucose myocardial uptake:

effect of respiratory motion. Mol Imaging Biol 2003; 5:57-64.

Le Meunier L, Maass-Moreno R, Carrasquillo JA, Dieckmann W,
Bacharach SL. PET/CT imaging: effect of respiratory motion on
apparent myocardial uptake. J Nuc/ Cardiol 2006; 13:821-830.

Bond S, Kadir T, Hamill J, Casey M, Platsch G, Burckhardt D, et al.
Automatic registration of cardiac PET/CT for attenuation correction.
IEEE Nuclear Science Symposium & Medical Imaging Conference.
19-25 October 2008, Dresden, Germany; 2008. pp. 5512-17.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.





