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Abstract. To reduce potential mis-registration from dif-
ferences in the breathing pattern between two comple-
mentary PET and CT data sets, patients are generally
allowed to breathe quietly during a dual-modality scan
using a combined PET/CT tomograph. Frequently, how-
ever, local mis-registration between the CT and the PET
is observed. We have evaluated the appearance, magni-
tude, and frequency of respiration-induced artefacts in
CT images of dual-modality PET/CT studies of 62 pa-
tients. Combined PET/CT scans during normal respira-
tion were acquired in 43 subjects using single- or dual-
slice CT. Nineteen patients were scanned with a special
breathing protocol (limited breath-hold technique) on a
single-slice PET/CT tomograph. All subjects were in-
jected with ~370 MBq of FDG, and PET/CT scanning
commenced 1 h post injection. The CT images were
reconstructed and, after appropriate scaling, used for
on-line attenuation correction of the PET emission data.
We found that respiration artefacts can occur in the ma-
jority of cases if no respiration protocol is used. When
applying the limited breath-hold technique, the frequen-
cy of severe artefacts in the area of the diaphragm was
reduced by half, and the spatial extent of respiration-in-
duced artefacts was reduced by at least 40% compared
with the acquisition protocols without any breathing
instructions. In conclusion, special breathing protocols
are effective and should be used for CT scans as part
of combined imaging protocols using a dual-modality
PET/CT tomograph. The results of this study can also be
applied to multi-slice CT to potentially reduce further
breathing artefacts in PET/CT imaging and to improve
overall image quality.
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Introduction

Oncologic disease is typically detected by anatomical
imaging techniques, such as computed tomography (CT),
which is often considered the method of choice for can-
cer imaging. In recent years positron emission tomogra-
phy (PET), as a functional imaging technique, has gained
widespread acceptance in clinical oncology for the de-
tection of metabolic and functional abnormalities at an
early stage of disease. In general, PET has a higher sen-
sitivity and specificity than CT for the detection and
staging of cancer [1]. However, the combination of PET
and CT promises to be more accurate than either modali-
ty alone in the initial diagnosis and for therapy manage-
ment [2].

A straightforward approach to using PET and CT to-
gether is to align the two image sets retrospectively [3].
Several computer-based algorithms have been described
and research is ongoing to improve and automate these
alignment techniques. So far, retrospective registration
of complementary image sets works well for the brain
[4], but often requires interaction with an operator to
achieve an acceptable level of registration accuracy [5].
Another approach to using complementary PET and CT
information is to combine the hardware into a single,
dual-modality PET/CT tomograph [6].

The basic concept of combined PET/CT tomography
is to examine the patient in both PET and CT mode with-
out moving the patient off the table between examina-
tions. Thus any potential misalignment between the two
data sets is minimised, patient comfort is increased and
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logistical issues with patient referral are potentially min-
imised [7].

In addition to providing accurately aligned functional
and anatomical information, combined PET/CT offers
the benefit of routine CT-based attenuation correction of
the emission data [8, 9]. When using CT-based attenua-
tion correction transmission times can be shortened to
less than a minute for a whole-body scan, and transmis-
sion scans can be performed post injection without the
need to correct for the bias from emission contamination.

Nevertheless, a number of issues need to be addressed
in the context of complementary PET/CT imaging. Most
issues pertain to the effect of methodological differences
in scanning a patient with PET and CT when, at the same
time, using the available CT transmission images for at-
tenuation correction of the emission data. CT scans, for
example, are typically (95%) performed in full-inspira-
tion breath-hold with the arms up to reduce both attenua-
tion artefacts and motion artefacts outside the heart. Cur-
rent CT technology allows high-quality CT scans of the
thorax or the abdomen to be completed in 20 s. In con-
trast, the scan time for a number of PET emission scans
to cover a similar axial imaging range is in the order of
several minutes. Due to the longer scan time needed,
dedicated PET scans are acquired with the arms down
and during normal respiration [10]. Ideally, in a com-
bined tomograph, both CT and PET data should be ac-
quired during the same respiratory (and cardiac) cycle.
However, this is impractical in current generations of
PET/CT systems, which have CT components that do
not allow for efficient cardiac and respiratory gating [11]
and do not routinely offer gating options for the emission
acquisition. Therefore alternative solutions have to be
found to best match the spatial extent of the transmission
information to the average spatial distribution of the
tracer activity in the emission data. This is of importance
not only in matching the reconstructed anatomical and
functional information but also in limiting any propaga-
tion of mis-registered CT and PET information during
CT-based attenuation correction.

Goerres and colleagues showed that CT-based attenu-
ation maps match most closely the tracer activity distri-
bution during the emission scan when the CT is per-
formed in end-expiration [12]. However, to ask the pa-
tient to hold his or her breath for the duration of the en-
tire CT scan, which often extends from the lower jaw to
the upper thighs, would require a very fast, multi-ring
CT scanner. In addition, some cancer patients may not
tolerate holding their breath in expiration or end-expira-
tion for the duration of a whole-body CT examination.
Taking into account the availability of single-slice and
dual-slice CT systems and in order to minimise the stress
on the patient, we suggest a limited breath-hold protocol
which requires patients to hold their breath only for a
limited time during the CT part of the combined PET/CT
examination.
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Materials and methods

Patient population. PET/CT data sets from 62 patients from three
clinical sites were collected as part of this study. All patients were
part of clinical protocols and had been referred for a PET/CT
study by their oncology physician.

PET/CT system. The PET/CT tomograph used in this study is a
BGO-based biograph (biograph BGO, Siemens Medical Solutions,
Hoffman Estates, USA). The biograph BGO [11] combines a PET
tomograph based on the ECAT EXACT HR+ and a Somatom
Emotion CT scanner in a single, compact gantry. The CT compo-
nents are available as single-slice or dual-slice CT. The transverse
field of view of the CT and PET are 50 cm and 58.5 cm, respec-
tively. The axial field of view of the PET is 15.5 cm with 63 im-
age planes per bed position (2.4 mm slice spacing). The centres of
the field of view of the CT and the PET are separated by 90 cm in
the axial direction. A common patient handling system is installed
at the front of the combined gantry and assures accurate position-
ing of patients up to 204 kg for both the CT and the PET examina-
tion.

PET/CT scanning and data processing. All patients fasted for at
least 4 h prior to the PET/CT examination. An average activity of
370 MBq of fluorine-18 fluorodeoxyglucose (FDG) was injected
60 minx10 min before the examination. Patients were positioned
head-first supine, and were moved to just above the first scanning
position on the CT. A topogram (or scout scan) was acquired to
define the axial imaging range, which for a whole-body PET/CT
examination typically extended from the lower jaw to the upper
thighs. A single, continuous spiral CT scan was defined on the
topogram, with the total extent of the spiral being automatically
matched to the closest integer number of PET bed positions. This
was done to ensure sufficient CT data for CT-based attenuation
correction of the PET emission data, as will be described below.

CT scan parameters were 130 kVp, 5-mm slice width, pitch
1.6, and a reconstruction increment of 2.4 mm to match the axial
sampling of the reconstructed emission images. Note that the pitch
was defined as the table feed per rotation divided by the nominal
slice width. When necessary, the patients were given oral and/or
intravenous contrast agents prior to the spiral CT scan. Depending
on the axial imaging range and the number of CT detector rows,
the CT transmission scan took between 40 s and 75 s. Once the CT
had been completed, the table moved automatically to position the
patient in the field of view of the PET. Emission scanning com-
menced in the caudocranial direction with the pelvis scanned first
to limit artefacts in the bladder resulting from FDG excretion into
the urine. Emission scan duration was 4 min to 8 min per bed po-
sition depending on the size of the patient and the preferences at
each of the three sites. Typically whole-body PET/CT scans did
not exceed eight bed positions (95 cm).

The CT images were reconstructed on-line and were available
for CT-based attenuation correction (CT-AC) of the emission data.
First the CT images were segmented into bone and non-bone using
a threshold of 300 HU. The segmented images were transformed
into maps of attenuation coefficients at the effective CT energy,
Ep. A non-bone scale factor was applied to the pixel values in the
non-bone class, and a bone scale factor was applied to the pixel
values in the bone class. Both scale factors were derived from the
ratio of the mass attenuation coefficient of water and bone, respec-
tively, at 511 keV and E.r [8]. The presence of intravenous con-
trast and oral contrast agents in CT images in the context of the
CT-AC described above has been discussed in [13] and [14].
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Fig. 1a—c. Three variants of CT
scan acquisitions as part of the
PET/CT acquisition protocols
described in this study. a Sin-
gle-slice CT during tidal breath-
ing (TB-SS). b Single-slice CT
and limited breath-hold (LBH-
SS) technique, whereby patients
were asked to hold their breath
during normal respiration for as
long as the spiral CT covered
the lower thorax and the liver.

¢ Dual-slice CT during tidal
breathing (TB-DS)
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Fig. 2a—c. NMS classification scheme for CT artefacts during spi-
ral CT scanning as part of the PET/CT imaging protocol. a No
artefact; the surface of the liver appears smooth. b Mild artefacts;
the liver surface appears slightly ragged and small soft tissue ex-
tensions into the lower lung can be seen. ¢ Significant artefacts;
artificial soft tissue densities appear detached in the mid-thorax

Table 1. Details of respiration protocols used (total no. of patients
=62)

Respiration Respiration CT No. of
protocol patients
TB-SS Tidal breathing Single-slice 24
LBH-SS Limited breath-hold Single-slice 19
TB-DS Tidal breathing Dual-slice 19

Respiration protocols. All 62 patients were separated into three
groups (Table 1) depending on the CT scanner and the breathing
protocol: 43/62 patients were scanned on the biograph BGO with a
single-slice CT, and 19/62 patients were scanned on the biograph
BGO with a dual-slice CT. Of the 43 patients scanned on the single-
slice CT version, 24 were instructed to breathe shallowly during the
CT and the PET examination (TB-SS) while 19 were scanned with
a limited breath-hold technique (LBH-SS). The 19 patients scanned
on the biograph BGO with dual-slice CT were allowed to breathe
shallowly during both the CT and the PET examination (TB-DS).
The respiration protocols in all three groups are illustrated in
Fig. 1. The CT scan consisted of a single, continuous spiral cover-
ing an axial range from the neck to the thighs depending on the
clinical indication and subsequently the number of PET bed posi-
tions. Patients following the TB-SS protocol were allowed to

breathe throughout the CT scan, which took about 75 s. Patients
participating in the LBH-SS protocol were asked to breathe quiet-
ly during the initial part of the CT scan starting cranially. As the
field of view of the CT approached the lower mediastinum, pa-
tients were asked to expire and to hold their breath until the active
field of view passed the liver (as seen on the topogram view), at
which time the patients were allowed to breathe shallowly again.
As with TB-SS, the total scan time for the CT was about 75 s, dur-
ing which the patients held their breath for about 20 s — the time
needed to cover the area of the lower mediastinum and the liver.
The breathing procedure for the LBH-SS protocol was practised
with the patients before the scan was started.

During the TB-DS protocol no breathing instructions were
given and all subjects were scanned during tidal breathing even
though the entire CT examination time could be as short as 40 s
because of the faster scanning option with a dual-slice CT.

Data analysis and image evaluation. Although respiratory motion
affects the thorax and the abdomen, we focussed on artefacts in
the area of the diaphragm, which of all regions is affected most by
respiration. For each set of PET/CT images from a single patient
the whole-body CT images were evaluated for the appearance of
motion artefacts between mid-thorax and mid-abdomen. Our sub-
jective approach to the classification of the CT images (referred to
here as the NMS classification) is based on three categories: no
artefacts, mild artefacts and significant artefacts (Fig. 2). The CT
images were considered free of artefacts when the liver appeared
uniform and the boundary between the liver and the lungs ap-
peared smooth in all views (Fig. 2a). The CT images were deemed
to be mildly affected by respiration if the dome of the liver ex-
tended asymmetrically into the lower lungs but these artificial soft
tissue densities were still attached to the liver (Fig. 2b). If the soft
tissue densities appeared completely detached from the liver and
were without any morphological correlate in the mid-thorax, they
were considered significant artefacts (Fig. 2c).
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Fig. 3a—e. Example of a whole-
body PET/CT study acquired
with the LBH-SS protocol. The
coronal CT (a), corrected PET
(b) and fused PET/CT images
(¢) demonstrate the absence of
respiration-induced artefacts in
the vicinity of the diaphragm.
For comparison, the emission
data prior to attenuation correc-
tion are shown in d and in e
when fused with the CT (a)

Mild and significant artefacts were classified as left- and/or
right-sided in addition to anterior or posterior. Both the axial and
the transverse extent of these artefacts were also estimated
(Fig. 2b, c). Measurements were taken from the coronal CT imag-
es along the main axis (i.e. cranio-caudal) and along the line con-
necting the arms (i.e. left-right), respectively. In CT images with
significant respiration artefacts we estimated the axial width of
these artefacts, and the gap between the dome of the liver and the
lower boundary of the artificially detached soft tissue artefacts on
the coronal CT images (Fig. 2c¢).

After CT-based attenuation correction had been applied to the
complementary emission data, the reconstructed PET images were
evaluated for the appearance of artefacts due to respiratory motion
during the CT. Based on the CT image quality and the appearance
of the artefacts in the PET images, the feasibility of the limited
breath-hold technique was reviewed.

Results

Figure 3 shows a PET/CT case study with no respiration
artefacts in the vicinity of the diaphragm and the liver.
The study was acquired using the single-slice CT and
limited breath-hold (LBH-SS) protocol described above.
Throughout our patient population we occasionally ob-
served a residual discrepancy in the position of the liver
on CT compared with the mean axial liver position in the
emission scan, which is acquired over a large number of
respiration cycles.

The number of studies with CT images free from
apparent respiratory motion artefacts varied with the
scan protocol. With the single-slice CT and tidal
breathing (TB-SS) protocol only 1/24 studies was free
of respiration artefacts, compared with 5/19 (26%)
studies when applying the LBH-SS technique. Interest-
ingly none of the patients scanned following the dual-
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slice CT and tidal breathing (TB-DS) protocol was free
of artefacts.

Throughout our patient population, mild respiration-
induced artefacts were the most frequently observed.
This was true for 11/19 (58%) and 14/19 (74%) patients
examined with the LBH-SS and the TB-DS protocol, re-
spectively. An example of a patient study with mild arte-
facts in the right liver is shown in Fig. 4. The coronal CT
image (Fig. 4a) illustrates a typical mild respiration arte-
fact as previously described by Goerres et al. [12]. Mild
artefacts were observed mostly on the patients’ right
side, and translated from the CT to the corrected PET
images after CT-based attenuation correction. In our ex-
perience the spatial extent of these artefacts seen in the
corrected PET images (Fig. 4b) was less than on the cor-
responding CT images.
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Fig. 4a—e. Mild respiration
artefact seen on the coronal CT
image (a) of a patient scanned
during tidal breathing. The
artefact on the PET image after
CT-based attenuation correc-
tion (b) and on the fused image
(c) is not as sharply delineated
as on the CT image. No artefact
is seen on the non-corrected
emission image (d). Image fu-
sion of the CT and non-correct-
ed PET image (e) reveals no
corresponding artefacts

Significant artefacts were observed predominantly on
the right side (63%) of the thorax and posteriorly (50%).
Figure 5 shows an example of a study with a significant
breathing artefact. Significant breathing artefacts were
considered present when fully detached soft tissue densi-
ties were visible in the CT images of the lower or mid-
thorax. Such apparent detachments are generated by the
CT reconstruction if the same organ (i.e. liver) is
scanned during different phases of one or more respirato-
ry cycles, which leads to visible excursions of the organ
into the actual field of view of the CT. Frequently, how-
ever, the corresponding PET images after application
of CT-based attenuation correction reveal only semi-
detached artefacts, as seen in Fig. 5b.

Respiration artefacts were observed with varying fre-
quencies among the three acquisition protocols. Figure 6
illustrates the frequency of mild and significant artefacts
in the CT images of the 62 patients studied.

Significant artefacts occurred most frequently (16/24)
when employing single-slice CT without a specific
breathing protocol (TB-SS). Such artefacts were much
reduced (5/19) by using a dual-slice CT system (TB-
DS), and even more so by applying a limited breath-hold
technique using single-slice CT (LBH-SS) (3/19). Mild
artefacts were predominantly observed when using the
TB-DS and LBH-SS protocols. It can be assumed that
most of the significant artefacts were reduced to mild
artefacts by use of the limited breath-hold technique or
by use of dual-slice CT.

In all three patient groups the spatial extent of respira-
tion-induced artefacts in the CT images varied widely.
This is illustrated in Fig. 7, which compares the average
axial and coronal extent of the artefacts. When applying
the tidal breathing technique to single- or dual-slice CT
(TB-SS or TB-DS), the average axial extent of the arte-
facts on CT was very similar: 21+11 mm and 22+7 mm,
respectively (Fig. 7a). By using the limited breath-hold
technique (LBH-SS), the axial extent was reduced to

e L

R .

am
‘.

Table 2. Average axial extent + standard deviation of mild and
significant artefacts with all three breathing protocols. The axial
extent was averaged over all patients (), and over patients with
either mild (N,,) or significant (V) artefacts

Respiration protocol

TB-SS LBH-SS TB-DS
N 24 19 19
All artefacts (mm) 2111 9+8 22+7
N, 7 11 14
Mild artefacts (mm) 16£5 9+4 22+7
N, 16 3 5
Significant artefacts (mm) 24+11 20+13 29+19

9+8 mm on average. The average extent of mild and sig-
nificant artefacts in the axial direction (Fig. 2a) is summ-
arised in Table 2.

The coronal extent (Fig. 2b) of all respiration arte-
facts was also estimated (Fig. 7b). Similar to our obser-
vations on the axial extent of respiration-induced
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Fig. Sa—e. Example of a signif-
icant respiration artefact as
seen on the coronal CT image
(a). The corresponding correct-
ed PET image (b) shows a
semi-detached artefact in the
region of the right liver. Image
fusion of a and b in c illustrates
the extent of the artefacts with
each modality. The lung-liver
boundary appears normal on
the uncorrected emission (d)
and fused emission (e) CT im-
ages

Table 3. Average coronal extent + standard deviation of mild and
significant artefacts with all three breathing protocols. The coronal
extent was averaged over all patients (N), and over patients with
either mild (V) or significant (N,) artefacts

Respiration protocol

TB-SS LBH-SS TB-DS

N 24 19 19
All artefacts (mm) 69+26 33126 65+17
N, 7 11 14
Mild artefacts (mm) 56x11 42425 66+15
N, 16 3 5
Severe artefacts (mm) 78+21 29+28 67+23

artefacts, the use of the limited breath-hold technique
(LBH-SS) again reduced the extent by a factor of 2 com-
pared with the tidal breathing technique (TB-SS and TB-
DS). Differences between single-slice and dual-slice CT

were small as long as no respiration protocol was used. B soncont aretact B Moot [ Noanstoa
However, with all three respiration protocols the coronal
extent of the artefacts was more variable than the axial %]

extent (compare Table 2 and Table 3).

Figure 8 illustrates the axial width of significant arte-
facts. Here the width refers to the distance between the up- 5 e
per and lower boundaries of the fully detached soft tissue

1

50
Fig. 6. Frequency (%) of respiration artefacts in 62 patients exam- P
ined with dual-modality PET/CT, according to the acquisition pro- 5 5
tocols used (Table 1): TB-SS, LBH-SS or TB-DS. CT images 2 4
were classified into three classes: no artefacts, mild artefacts and
significant artefacts. Using a respiration protocol on a single-slice
CT or using a dual-slice CT reduces the frequency of significant 0

14
T4
;
0
artefacts due to respiration on CT images TB5S LBH-SS TEDS
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Average axial extent [mm] Average coronal extent [mm]

a b
Fig. 7a, b. Average spatial extent (a axial, b coronal) of respira-

tion artefacts in CT images of 62 patients, according to the acqui-
sition protocol used

Axial width [mm]

o 10 o [mm]

Fig. 8. Mean axial width of significant artefacts in CT images of
62 patients, according to the acquisition protocol used. The width
is defined as the maximum distance between the upper and lower
boundaries of fully detached soft tissue artefacts in the thorax

artefacts in the coronal CT images (Fig. 2c). If no respira-
tion protocol was used, the maximum extent of significant
artefacts was estimated to be 17+6 mm on single-slice CT
(TB-SS) and 15+6 mm on dual-slice CT (TB-DS). When
the limited breath-hold technique was applied to single-
slice CT (LBH-SS), the width was reduced by up to 40%
to 11+2 mm. The mean distance between the lower bound-
ary of the soft tissue detachment and the diaphragm was
about 13+8 mm, and ranged from as little as 4 mm to as
much as 4 cm, depending on the respiration frequency.

Discussion

We found that respiration artefacts (mild and significant)
occurred in 98% of all cases (42/43 patients) when no
respiration technique was used (Fig. 6). The frequency of
significant and mild artefacts, as well as the spatial ex-
tent of these artefacts, was reduced far more by use of
the limited breath-hold technique than by use of dual-
slice CT. This suggests that the introduction of a special
breathing protocol is important, regardless of the number
of CT detector rows available.

In the absence of respiratory gating mechanisms for
routine clinical use in both CT and PET imaging, combi-

nation of CT respiration protocols and multi-slice CT
seems an optimal means of reducing the frequency and
magnitude of PET/CT image artefacts arising from in-
voluntary patient motion. Nevertheless, use of the limit-
ed breath-hold technique, or any other respiration proto-
col, requires cooperative patients, and such a technique
sometimes may be inapplicable in situations with (volun-
tarily or involuntarily) uncooperative patients. In our
study, for example, we observed severe respiration arte-
facts on CT images of an extremely anxious patient,
which extended up to 63 mm in the axial direction. On
the other hand, the shorter scan times possible with
multi-slice CT technology may help in achieving the re-
quired patient cooperation when breathing instructions
are given.

Combined PET/CT image quality depends not only
on the image quality of the CT and the PET but also on
the processing of the available CT images for attenuation
correction of the complementary emission data. To limit
quantitative bias and artefacts in the corrected emission
images, available transmission data need to be processed
appropriately. For example, artefacts will be introduced
in the corrected emission images if the spatial resolution
of the transmission and the emission data is different
[15]. Therefore a rebinning and filtering step is required
in CT-based attenuation correction to match the spatial
resolution of the CT data used for attenuation correction
and the emission data. By degrading the spatial resolu-
tion of the CT by a factor of, typically, 5, large amounts
of the intrinsic spatial detail information are lost. There-
by the propagation of artefacts from the CT may be re-
duced. This is illustrated in Fig. 9.

In our experience the appearance of mild and signifi-
cant artefacts affects the image quality of PET/CT data
differently. Mild respiration-induced artefacts on CT im-
ages tend to mask the reconstructed and corrected emis-
sion activity (Fig. 9a). This is the case when the CT im-
age represents the morphology of a patient at a time in
the respiratory cycle that closely matches the average
tracer distribution, as measured over many respiration
cycles during a PET examination. In contrast, signifi-
cant respiration-induced artefacts are created by parts of
the morphology captured on CT during remote excur-
sion of the diaphragm and upper liver from their aver-
age movement during tidal respiration. If artefacts are
distant from the diaphragm, they tend to create focally
increased uptake patterns on the corrected emission im-
ages (Fig. 9b). If these artefacts are closer to the dia-
phragm, the PET activity distribution appears continu-
ous between the liver and the apparent detachment, and
no locally independent uptake patterns can be seen
(Fig. 9¢). In our study, artefacts were mostly observed
in the vicinity of the diaphragm with 13+8 mm average
distance between the upper boundary of the liver and
the lower boundary of the artefact. In significant but not
in mild respiration artefacts, emission activity is seen
not only in the physiological variants and in the soft tis-
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Fig. 9a—c. The appearance of
mild (a) and significant (b, ¢)
artefacts in CT and corre-
sponding PET images after
CT-based attenuation correc-
tion. Mild artefacts (arrow in
a) tended to "mask" the tracer
uptake pattern in the corrected
PET images (a, middle). Fre-
quently the reconstructed ac-
tivity exceeded the boundary
of the liver (arrowheads in a,
right). Significant artefacts dis-
tant from the diaphragm led to
the creation of separate areas
of focal uptake (b) without in-
termittent tracer uptake. Arte-
facts closer to the diaphragm
(c) did not translate into the
corrected emission images ac-
cordingly, and the tracer distri-
bution extended through the
gap (arrows)

sue artefact but also in the space between the artefact As shown by other authors, respiratory motion during
and the normal liver (Fig. 9c). In other words, due to the CT may lead to locoregional mis-registration of the CT
periodic motion of the diaphragm during the emission and PET data [16, 17]. However, by viewing complemen-
scan, tracer uptake appears smeared. This may impair tary CT and PET images acquired as part of the same du-
quantitative assessment of lesions close to the dia- al-modality examination in fused mode, respiration-in-
phragm. duced artefacts on CT images can be directly correlated

European Journal of Nuclear Medicine and Molecular Imaging Vol. 30, No. 4, April 2003



596

with artificial uptake patterns in corrected PET images
(Fig. 9). Some authors recommend viewing the emission
images before attenuation correction is applied in order to
exclude respiration-induced bias [18]. We feel that this
might be necessary in the case of lesions in the vicinity of
the diaphragm. For most clinical scenarios today, howev-
er, a combined PET/CT acquisition protocol involving a
carefully designed respiration technique, like the limited
breath-hold protocol described here, seems sufficient.

Conclusion

In conclusion, an appropriate respiration protocol is the
main determinant of artefact-free PET/CT images of the
lower thorax and upper abdomen. We have shown that
application of a limited breath-hold technique when ac-
quiring the CT part of a combined PET/CT examination
significantly reduces the frequency and extent of respira-
tion-induced artefacts in the lower thorax.
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