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INTRODUCTION
Combining positron emission tomography (PET) and high speed computerized tomography
(CT) provides functional and anatomical information acquired at nearly the same time, usually
resulting in accurate registration between the two modalities. The high speed CT data can
therefore be used for PET attenuation correction (AC) instead of the traditional germanium-68
rotating rod source, greatly reducing transmission acquisition time (from 3–6 minutes to a few
seconds for cardiac scans). Unfortunately, unlike the rotating rod source transmission
measurement, the high speed of the CT freezes respiratory motion at a single point in the
respiratory cycle. This can produce a mis-registration between the CT data used to perform
attenuation correction and the PET emission data which is acquired over many respiratory
cycles. There have been several studies showing that this effect can cause artifacts in PET/CT
reconstructions in oncology -especially at borders between the lung and soft tissue, such as the
liver-lung interface [1–6]. Because the heart also has a lung-soft tissue interface, it would seem
likely that there would be similar artifacts in apparent myocardial activity uptake when
performing cardiac PET/CT studies. There is little data [7–8] on this effect in PET/CT cardiac
imaging. The objective of this study, therefore, was to determine the magnitude of the potential
error in observed myocardial activity uptake due to respiratory induced PET-CT mismatch in
human cardiac imaging.

MATERIALS AND METHODS
Study population

The study group consisted of 22 subjects (10 females, 12 males; age 43.6±15.1, height 172.8
±8.3 cm, weight 79.1±21.1 kg). The study was performed under a National Institutes of Health
approved protocol. 25 subjects originally entered the protocol, but one was excluded due to
scanner malfunction, one due to inadvertent patient motion, and one due to error in following
breathing instructions. All patients gave written informed consent. All subjects were chosen
from sequential incoming clinical patients already scheduled for PET/CT scans encompassing
the torso, without regard to disease. The exclusion criteria were: pregnancy, respiratory
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difficulties which might affect breath holding, and age less than 12, due to potential difficulties
understanding the instructions required by the protocol.

Patient preparation
After at least four hours of fasting, approximately 555 MBq of fluorine-18 fluorodeoxyglucose
(FDG) was injected intravenously, followed by a 60 minute uptake phase. No other tracer was
used in the study and no additional FDG was administered beyond that required for their
previously scheduled diagnostic PET procedure. Before injection, patients underwent a
training session to insure they understood they were to breathe normally (i.e. at their normal
resting tidal volume) and could achieve the breathing patterns required by the protocol.

PET/CT and stand alone PET tomograph
The PET/CT tomograph used in this study was a GE Discovery ST [9]. The CT device had 16
rows of detectors (pitch 1.375:1, helical thickness 3.75 mm, table speed 68.75 mm/s, with a
rotation speed of 2.5 revolutions/s). The stand alone PET scanner was a GE Advance with three
111 MBq (nominal) 68Ge rotating rod sources (RRS) used for transmission scanning.

Data acquisition
All 22 patients had three sequential whole body CT scans, each acquired at 35 mA (slightly
less than one third of the usual 115 mA utilized conventionally at our site), rather than a single
whole body CT scan. It has previously been shown that this reduction in mA gives CT scans
which are adequate for attenuation correction [10]. Each patient was asked to hold his/her
breath at normal end-inspiration for about 10 to 15 seconds (depending on their height) for the
first low dose CT scan, then at normal end-expiration for the second CT scan and finally at
roughly mid-volume between end-expiration and end-inspiration for the third scan. A low
resistance pneumotachometer (ADInstruments – Respiratory Flow Head 300L) was used to
monitor and record absolute changes in lung volume with time, and to coordinate the imaging
with respect to the respiratory cycle.

FDG emission data were acquired for 5–7 bed positions, typically from the mid-thigh to the
base of the skull (716 to 1013 mm coverage, identical to the CT protocol). The acquisition time
was 5 minutes per bed position. The data were acquired in 2D mode. During emission imaging
the subjects were asked to breathe normally.

Seven of the subjects, who had particularly good cardiac FDG uptake, were also asked to
undergo an additional transmission scan (3 minutes per bed position) with a 68Ge rod source
on a GE Advance PET system. This scan was acquired immediately after the conclusion of the
PET/CT scan. Attenuation correction performed with rotating rod 68Ge sources are thought
not to be affected by respiratory motion because the 68Ge transmission scan and the FDG
emission scan both take many minutes to acquire, and thus both average many respiratory
cycles together. The attenuation data and the emission data are therefore both blurred by
respiration in exactly the same way.

It was desired to use the rotating rod transmission data acquired on the GE Advance Scanner
to correct the FDG emission acquired on the PET/CT scanner for attenuation. To do so, it was
necessary to align the two data sets. Since the CT scan at various phases of the breathing cycle
had dramatically different morphology, attempting to align the 68Ge transmission scan and the
CT scan might bias the results depending on the phase of the respiratory cycle. To avoid this
bias, immediately after the 68Ge transmission acquisition, each of the 7 patients also underwent
an additional PET emission acquisition (8 minutes per bed position with no additional FDG
injection) on the GE Advance scanner with two bed positions around the level of the heart.
These PET-only emission images were collected for the sole purpose of generating the
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alignment matrix necessary to align the 68Ge transmission data with the PET/CT emission data.
Performing the alignment using the two FDG scans, both of which are averaged over many
breathing cycles, would presumably avoid any respiratory related bias in the alignment.

Image processing
The single PET emission data set obtained from the PET/CT were reconstructed either three
or four times, as described below.

For all 22 subjects, the three CT data sets were first converted to PET attenuation values
resulting in three different CT attenuation correction maps (CTAC). The subgroup of 15
patients who were scanned only on the PET/CT machine (and did not have a rotating rod
transmission scan), each had their emission data reconstructed three times, once with each
CTAC (OSEM, 2 iterations, 30 subsets, and 6.5 mm post-filter). This produced three
attenuation corrected images from the same PET emission data, each reconstructed with a
slightly different attenuation correction (AC) - one AC obtained using the CT at end-expiration
(CTEXPIR), another using the CT at mid-volume between end-expiration and end-inspiration
(CTMIDVOL) and a third using the CT at end-inspiration (CTINSPIR).

For the 7 patients who underwent the additional rotating rod source transmission measurement,
the same PET/CT emission data were reconstructed four times, once using each of the three
CTACs for attenuation correction as above, and once using the rotating rod data for attenuation
correction. The FLIRT image registration package [11], using a mutual information cost
function, was used to align the GE Advance FDG emission scan with the PET/CT emission
scan. The resulting registration matrix was then used to bring the rotating rod transmission data
acquired on the GE Advance scanner into alignment with the FDG emission data from the PET/
CT scanner. The PET emission data from the PET/CT was then reconstructed with the
attenuation map obtained using the 68Ge rod source on the Advance PET scanner. The computer
used to perform this rotating rod reconstruction did not have software to perform iterative
reconstructions, and could only perform filtered back-projection reconstructions. To ensure
that all the resulting images in this group of 7 subjects were reconstructed identically, the PET/
CT emission data were therefore first corrected for attenuation using each of the three CTACs
and the rotating rod transmission data, and then reconstructed using filtered back-projection.
A Hanning, 4mm cut-off filter was used to match the spatial resolution of the filtered back-
projection to that obtained with OSEM. It has been verified that OSEM and filtered back-
projection used as described would both give nearly identical mean values within an ROI
[12], but the results in the present paper do not depend on this fact, as only paired comparisons
of identically reconstructed data are reported here.

Data analysis
Volume of air in the lungs—The pneumotachometer monitored the change in lung volume
during the CT scan, and was used to monitor patient response to breathing instructions and to
synchronize each scan to the appropriate part of the respiratory cycle. The CT data were used
to determine the absolute volume in the lungs for each of the three positions during the breathing
cycle (end-inspiration, end-expiration and mid-volume between end-inspiration and end-
expiration). This calculation was made by segmenting each voxel in the CT scan at the level
of the lungs, into its component air and non-air parts, as has been validated previously [13].
These measurements were used to determine potential correlations between changes in regional
cardiac uptake and absolute lung volumes.

Heart motion—From the CT, the relative displacement of the heart was measured between
the three CT scans. This 3D motion was measured by recording the x, y and z coordinates of
the geometric center of each anatomical region of interest (anterior, lateral, inferior and septal,
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as described below) for each of the three CT and then computing the magnitude of the
displacement.

Cardiac Uptake—The emission data were reoriented into three short axis (SA) slices (basal,
mid-ventricular and apical) plus one additional segment at the apex (figure 1). Each of the three
SA slices was then divided into four regions of interest (ROI): anterior, lateral, inferior and
septal. These regions plus the apical segment (apex) are shown in figure 1.

The differences in apparent FDG uptake between the three sets of images produced using the
three CTACs were first calculated by taking end-expiration as the reference. The end-
expiration breathing phase was (somewhat arbitrarily) selected as the reference since more of
the respiratory cycle is spent at volumes near end-expiration than elsewhere. The percent
difference between each segment was defined as:

Δ(i−EXPIR) = 100 × (UpCTi − UpCTEXPIR) / UpCTEXPIR, Eq. 1

where UpCTi is the measured FDG uptake in the emission images attenuation corrected using
the CTMIDVOL or CTINSPIR and UpCTEXPIR is the measured FDG uptake in the emission
images attenuation corrected using CTEXPIR. This equation gives the fractional difference in
apparent myocardial uptake when the CT at end-inspiration or at the midpoint of the respiratory
cycle was used for attenuation correction, compared to the uptake when the CT at end-
expiration was used.

The fractional changes described by equation 1 are based on measurement of absolute uptakes.
Although such measurements are possible in PET, the standard clinical practice is to first
normalize the cardiac uptake in each segment to the uptake in the hottest segment of the entire
heart. This normalization also serves to minimize potential global shifts in the data. Such global
shifts may occur when applying equation 1 to absolute data, due to differing attenuation values
in regions far from the heart, but in the same slice as the heart (e.g. when liver moves in or out
of a the slice with respiration). Therefore the data were also analyzed after normalizing each
segment to the hottest segment of the entire myocardium. This permitted changes in the pattern
of uptake at end-inspiration and at mid-volume between end-inspiration and end-expiration to
be computed at each segment – just as they would be computed in an actual clinical setting.
The percent difference between the three normalized cardiac uptakes was also calculated using
equation 1, except that UpCTi and UpCTEXPIR then represented each subject’s normalized
uptake.

For the 7 patients who also underwent a rod source transmission, the rod source attenuation
corrected PET data were taken as reference, rather than using CTEXPIR. The percent difference
between the rod source attenuation-corrected cardiac uptake and that using the three CT-based
attenuation-corrections was defined just as in equation 1, but with EXPIR replaced by RRS
(the rotating rod source):

Δ(i−RRS) = 100 × (UpCTi − UpRRS) / UpRRS, Eq. 2

where UpCTi is the measured FDG uptake in the emission images attenuation corrected using
the CTEXPIR, CTMIDVOL or CTINSPIR and UpRRS is the 68Ge rotating rod source-attenuation
corrected uptake (or the corresponding normalized values).

Statistical analyses
Comparisons between uptake of segments, and of cardiac motion, were made by paired
Student’s t-test (two sided). Non-significant differences were taken as those for which p>=0.05.
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Tests as to whether correlations were significantly different than 0 were performed assuming
the Student’s t distribution, using n-2 degrees of freedom.

RESULTS
Heart motion

Consistent with previous reports [14], the heart (and other organs, such as the liver) was
displaced between the three CT scans. Figure 2 shows a typical coronal view of the same CT
slice of a patient. These two CT scans were taken during normal breathing at end-expiration
and at end-inspiration (average change in lung volume compared to end-expiration was 0.52
± 0.25 L at mid-volume and 1.01 ± 0.54 L at end-inspiration). Taking CTEXPIR as a reference,
the average motion of each segment of the heart, over all 22 subjects, is shown in table 1 for
the mid-ventricular SA slice.

FDG Uptake
Each of the three CT scans used for attenuation correction showed the heart at a different
position in relation to the lungs, liver and other soft tissue. This in turn produced marked
changes in apparent global and regional myocardial uptake when each of these CT scans was
used to reconstruct the FDG data. Figure 3 illustrates the typical effect of respiratory motion
on apparent cardiac uptake. The top row of figure 3 shows the same CT slice at 2 different
points in the breathing cycle (end-expiration and end-inspiration). The second row shows one
PET emission data set reconstructed twice, using each of the two CT scans in row 1 for
attenuation correction. In the 2nd row the same intensity scale is used for both images in order
to show global changes in apparent uptake. The FDG image attenuation corrected with the CT
at end-expiration (2nd row left) is globally brighter than the end-inspiration corrected image
(2nd row right) due to the change of AC. For clinical purposes images are usually normalized
to the maximum uptake. Therefore in the 3rd row of figure 3 the same two reconstructed images
as in row 2 are shown each scaled to its own maximum. From these images it is clear that using
the different CT scans for attenuation correction produces not only global changes (as in the
middle row) but also regional changes (e.g. in the 3rd row of figure 3 the two images do not
have the same degree of apparent uptake in the lateral wall, shown with arrows).

Fractional changes in apparent absolute global FDG uptake were assessed using an ROI
encompassing the entire myocardium (a volume of interest including all segment ROIs for all
three slices plus the apex). Compared to the measured uptake when the CT scan at end-
expiration was used for attenuation correction (UpCTEXPIR), the absolute apparent global
cardiac uptake, averaged over all 22 subjects, decreased by 14.7±8.2% for UpCTMIDVOL and
18.0±11.0% for UpCTINSPIR (both p<0.05, first row of table 2). This global decrease was
correlated with the change in volume of the lung as seen in the upper left hand corner of figure
4 (r=0.72, p<0.05).

The regional differences in apparent FDG absolute uptake relative to UpCTEXPIR when no
normalization is performed are also shown in table 2. All values in the table were significantly
different from zero (p<0.05). Always arbitrarily taking UpCTEXPIR as reference and using
equation 1, the anterior and the lateral regions of the heart showed a greater decrease in apparent
uptake than the inferior and septal segments. In the mid slice for example (table 2),
UpCTMIDVOL showed a difference of −14.8±12.4% for the anterior region and −14.7±8.5% for
the lateral region, while the differences were only −4.5±7.2% and −3.1±4.4% for the inferior
and septal regions respectively. This discrepancy between the anterior and the lateral segments,
and the inferior and septal segments persists for other slices, and is often even greater for
UpCTINSPIR (table 2). Figure 4 shows the correlation between the decrease in apparent uptake
and the change in lung volume for the apex, anterior, lateral, inferior and septal segments of
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the heart (averaged over the three ventricular slices). As with the global values (upper left hand
corner of figure 4), the regional decreases were significantly correlated with the changes in
lung volume (all correlations p<0.05). The smaller slopes for the inferior and septal sectors
compared to the anterior and lateral sectors confirm that respiratory motion can change the
pattern of regional uptake.

The % change in apparent cardiac uptake after normalizing each subject’s uptake to the sector
having the maximum uptake for that patient are shown as a polar map illustration in figure 5.
As described previously, the data in figure 5 are expressed relative to a normalized FDG image
reconstructed using CTEXPIR for attenuation correction. As with the non-normalized results,
the normalized segments shown in figure 5 also showed different apparent decreases in uptake.
The anterior and lateral regions – which often have large interfaces with the lung - were more
affected by respiration (dark color) than the inferior and septal segments (light color).

In all the above computations, FDG uptake using CTEXPIR for attenuation correction was
arbitrarily taken as a reference. Table 3 shows the apparent cardiac uptake when the rotating
rod source transmission scan is taken as a reference. Table 3 shows the absolute FDG uptake
differences between the rotating rod source corrected data and the data corrected with the three
different CT scans. Row 1 of table 3 shows the results of FDG global uptake – i.e. when a
region of interest encompassing the entire myocardium was used. As can be seen in table 3,
the apparent uptake in the whole heart is reduced considerably when the CT scans were used
for AC compared to using the rotating rod source AC. The reduction was minimal for
CTEXPIR, but was increasingly larger for CTMIDVOL and CTINSPIR. On a region by region
basis, as seen in table 3, the absolute apparent FDG uptake was reduced considerably more in
some regions than in others, producing erroneous regional changes in observed uptake. Many
of these regional changes were statistically significant at the p<0.05 level (see table 3). The
polar map in figure 6 shows the same comparisons as table 3 (rotating rod source corrected
uptake versus CT corrected FDG uptake), but now each patient’s FDG uptake has been
normalized to the hottest segment in the heart. As seen in figure 6 the uptake using the 68Ge
rotating rod source which appears by definition uniform, becomes successively more non-
uniform when CTEXPIR, CTMIDVOL and CTINSPIR were used to perform the attenuation
correction. All of these reductions were statistically significant at the p<0.05 level.

DISCUSSION
Whether the patient holds or does not hold his breath during the CT scan, a fast CT scan freezes
the lungs at one point in the respiratory cycle. Because this CT scan does not duplicate the
respiratory blurring inherent in the emission data, using the CT scan to perform attenuation
correction may substantially alter the apparent cardiac FDG uptake. The decrease in the global
apparent uptake (i.e. averaged over the whole myocardium) when CTMIDVOL or CTINSPIR was
used for AC rather than CTEXPIR, is probably due to the fact that at end-expiration the liver
appears in many cardiac slices, while at mid-volume and at end-inspiration, more heart slices
contain lung rather than liver (e.g. figure 3). This causes the CTINSPIR and CTMIDVOL
attenuation correction to under-correct the data compared to the correction using CTEXPIR.
Segmental changes, compared to UpCTEXPIR, varied from around −2.4% in the septal region
for UpCTMIDVOL (apical slice) to −30.2% in the anterior region for UpCTINSPIR (apical slice).
The different behavior between the septal and the anterior or lateral regions can be explained
by the fact that for the anterior and lateral segments respiratory motion occurs at a lung-tissue
interface, while in the septum there is no such interface. Referring to the region of interest
drawn on figure 3 (top row, right), at end-inspiration the attenuation correction algorithm will
use lung tissue not soft tissue in the anterior and lateral walls of the myocardium, and will
erroneously do less attenuation correction. This causes the PET image attenuation corrected
using CTEXPIR to appear less bright than these regions on the image corrected using
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CTINSPIR (figure 3 middle and bottom rows). This does not occur at the septal (and inferior)
wall.

When UpCTEXPIR was used as the standard, the magnitude of the global and regional changes
were correlated with the absolute change in lung volume (figure 4) indicating that, as expected,
the larger the change in volume, the larger the effect on apparent FDG uptake. Even when the
cardiac uptake was normalized (i.e. each patient’s cardiac scan normalized to the hottest sector
for that patient), the erroneous regional changes (with UpCTEXPIR taken as the standard)
persisted, as shown in figure 5. Presumably such respiratory caused regional changes would
introduce errors into clinical readings.

The differences between UpCTEXPIR and both UpCTINSPIR and UpCTMIDVOL were larger than
expected. Since it was not certain that the attenuation correction using the CTEXPIR was the
true correction, a subset of subjects was analyzed using a 68Ge rotating rod source as the
reference method of attenuation correction. This rod source rotates around the subject for many
minutes averaging together many respiratory cycles. Similarly, the FDG emission images also
are acquired over many respiratory cycles. Therefore the 68Ge rotating rod source should best
match the circumstances under which the FDG emission data were acquired, and would
presumably be the most accurate method of attenuation correction in terms of respiratory
motion. When the uptake with the rotating rod source (UpRRS) was used as the standard, the
cardiac uptake reconstructed with CTEXPIR produced the smallest non-uniformities whether
the data were un-normalized (table 3) or whether each segment was normalized to the hottest
segment (figure 6). CTMIDVOL and CTINSPIR produced larger erroneous regional changes than
CTEXPIR. Again the free wall behaved very differently than the septal wall. For example in the
mid-ventricular slice of UpCTINSPIR (figure 6) the lateral segment was depressed over 30%
while the septum was depressed only 10%.

Note that despite the normalization, none of the segments was unity. This is because all patients
were averaged together, and different segments were the “hottest” for different patients.

The clinical impact of these respiratory non-uniformities will depend on the application. If a
sector value of a normal segment were being compared to a normal database, respiratory effects
might make that sector closer to the abnormal limit. The clinical significance of this effect will
depend on whether or not the normal database variability was large compared to the
corresponding value in figure 6. Normal database variability in turn may depend on the
pharmaceutical, the sector, and the details of how the database was implemented. One might
speculate that were the CT acquired at mid-volume or end-inspiration, the clinical effect would
be large.

Many potential solutions have been suggested to correct the bias introduced by the high speed
CT attenuation correction. First, CT and PET can be respiratory gated [15–16]. But this method
is difficult to perform and it can greatly increase acquisition times. Another solution recently
suggested is to use a cine CT which is available on most of the machines. The idea is to acquire
multiple phases of the breathing cycle and to average all the phases together. One then creates
a respiratory blurred CT which matches the blurring of a rod source transmission [17]. In theory,
this method should give identical results to the rotating rod source. However increased radiation
dose may be a limitation of this method unless beam current is reduced substantially. Another
solution would be to manually register the CT data to the emission data prior to performing
attenuation correction, although there may be no single point in the respiratory cycle for which
the CT data exactly match the respiratory blurred emission data. Alternatively, a very low
current, slow CT scan could be used to average many respiratory cycles together during the
acquisition. This would come close to duplicating the rotating rod. However at the moment,
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not all CT scanners are able to scan sufficiently slowly, at low enough beam currents, and at
slow speeds respiratory reconstruction artifacts could occur in the CT data itself.

CONCLUSION
PET/CT shows great promise for cardiac imaging. However, the data above show that there
can be a respiratory motion mismatch between the PET data and the CT data used to correct
the PET for attenuation. As shown above, this mismatch may lead to significant errors in both
apparent and regional cardiac uptake. The mismatch appears smallest when end-expiratory CT
images are used, but even in that case may well be clinically important. Many methods have
the potential to reduce this mismatch. It is clear that these methods must be explored and
ultimately applied. Simply ignoring the problem appears to lead to the production of significant
erroneous regional defects.
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Figure 1.
Reorientation in short axis view. The heart was divided in 3 ventricular slices (basal, mid,
apical) plus the apex. Each slice was then divided into 4 sectors (anterior, inferior, lateral and
septal).
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Figure 2.
coronal view of the same CT slice taken at normal end-expiration (left) and at normal end-
inspiration (right). The white line shows the magnitude of the motion of the heart and other
structures.
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Figure 3.
illustration of the global and regional uptake changes due to the difference between the
attenuation maps. Top row: white ROI on the CT shows the magnitude of the heart motion.
2nd row: The same PET emission data reconstructed using the 2 CTs shown in the first row for
attenuation correction. These images are displayed with the same intensity scale to illustrate
the global uptake change between the 2 images (the image attenuation corrected with the end-
expiration CT is globally brighter). 3rd row: The same two images as in the 2nd row but with
each image scaled to its max in order to show local uptake changes. The arrows indicate that
a large change in regional uptake has occurred between images reconstructed using CTEXPIR
(left) and CTINSPIR (right) for attenuation correction.
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Figure 4.
Correlation between % change in apparent uptake (equation 1) with change in lung volume,
using the cardiac uptake attenuation corrected with the end-expiration CT (UpCTEXPIR) as a
reference. Upper left corner: global results; remaining graphs showing each of the 4 segment's
correlation with change in lung volume, averaged over the 3 ventricular slices, and also the
correlation with the apex.
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Figure 5.
Polar map showing the regional differences between (normalized) apparent cardiac uptake of
PET data attenuation corrected with the CTINSPIR or CTMIDVOL scans, compared to the uptake
obtained from the same PET data in which the CTEXPIR was used for attenuation correction
(darker color corresponding to greater % difference). Negative values imply a reduction in
apparent normalized activity. PET data corrected with the end-expiration CT shows uniform
uptake by definition (equation 1).
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Figure 6.
Polar map showing the regional differences between (normalized) apparent cardiac uptake of
PET data attenuation corrected with the 3 CT scans, compared to the uptake obtained from the
same PET data in which the 68Ge rotating rod source (RRS) was used for attenuation correction
(darker color corresponding to greater % difference). Negative values imply a reduction in
apparent normalized activity. PET data corrected by the RRS shows uniform uptake by
definition (equation 2).
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Table 1
Magnitude of the heart motion (in mm) taking the CT at end-expiration (CTEXPIR) as reference. Mid-ventricular
slice, averaged over all 22 subjects.

Mean Displacement (mm) Relatively to CTEXPIR CTMIDVOL CTINSPIR

Apex 11.6±2.3 18.1±6.2

Mid-ventricular SA

 Anterior 6.8±1.0 14.3±2.5
 Lateral 6.9±3.1 13.0±2.5
 Inferior 8.3±2.9 12.6±3.6

All p<0.05
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Table 2
Global and regional apparent uptake differences (using equation 1) between the three CT attenuation corrected
cardiac uptakes. The cardiac uptake computed using the end-expiration CT (UpCTEXPIR) is the reference.
Negative signs imply the value is lower than for UpCTEXPIR.

Regional Uptake Bias (%)UpCTEXPIR as reference UpCTMIDVOL UpCTINSPIR

Global −14.7 ± 8.2 −18.0 ± 11.0

Apex −8.3 ± 6.3 −16.8 ± 14.2

Apical slice
 Anterior −17.6 ± 17.5 −30.2 ± 23.6
 Inferior −2.9 ± 5.7 −7.9 ± 8.5
 Lateral −14.1± 12.4 −25.5 ± 17.6
 Septal −2.4 ± 5.7 −7.1 ± 8.3

Mid slice
 Anterior −14.8 ± 12.4 −26.7 ± 19.5
 Inferior −4.5 ± 7.2 −11.9 ± 9.8
 Lateral −14.7 ± 8.5 −29.0 ± 15.2
 Septal −3.1 ± 4.4 −8.1 ± 7.7

Basal slice
 Anterior −10.3 ± 7.2 −18.4 ± 13.5
 Inferior −6.7 ± 7.0 −13.2 ± 10.4
 Lateral −12.3 ± 7.8 −24.4 ± 13.6
 Septal −5.1 ± 4.9 −9.3 ± 7.2

All p<0.05
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Table 3
Global and regional differences between cardiac uptake using the 68Ge rod source for attenuation correction
(UpRRS) and the uptake computed using the three CT scans (equation 2). Negative values imply a value less than
that obtained with the rotating rod source.

Regional Uptake Bias (%)
UpRRS as reference

UpCTEXPIR UpCTMIDVOL UpCTINSPIR

Global −5.9 ± 8.2 (NS) −12.3 ± 10.0 −22.8 ± 11.2

Apex −1.5 ± 6.9 (NS) −7.4 ± 13.7 −15.1 ± 16.4

Apical slice
 Anterior −3.0 ± 21.1 (NS) −14.5 ± 27.3 (NS) −32.5 ± 24.8
 Inferior −8.6 ± 11.4 (NS) −7.8 ± 2.9 −14.0 ± 9.6
 Lateral −3.8 ± 19.2 (NS) −13.8 ± 17.0 (NS) −30.5 ± 21.6
 Septal −6.3 ± 6.7 −5.0 ± 7.8 (NS) −11.9 ± 7.4

Mid slice
 Anterior −1.2 ± 18.1 (NS) −9.1 ± 22.2 (NS) −28.1 ± 20.0
 Inferior −10.0 ± 7.3 −16.3 ± 4.1 −21.5 ± 11.2
 Lateral −2.1 ± 18.5 (NS) −11.6 ± 13.2 −32.5 ± 19.0
 Septal −7.9 ± 5.6 −7.9 ± 3.9 −13.2 ± 7.4

Basal slice
 Anterior −2.5 ± 9.5 (NS) −13.3 ± 13.3 −22.1 ± 16.5
 Inferior −12.4 ± 7.9 −21.3 ± 10.6 −23.0 ± 12.3
 Lateral −2.9 ± 10.7 (NS) −14.8 ± 12.9 −28.9 ± 15.1
 Septal −11.4 ± 5.7 −15.6 ± 7.1 −16.4 ± 8.7

All p<0.05 except when specified not significant (NS)
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