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The purpose of this study was to compare various PET/CT exam-
ination protocols that use contrast-enhanced single-phase or
contrast-enhanced multiphase CT scans under different breath-
ing conditions. Methods: Sixty patients with different malignant
tumors were randomized into 4 different PET/CT protocols. Sin-
gle-phase protocols included an intravenous contrast–enhanced
(Ultravist 370; iodine at 370 mg/mL) single-phase whole-body CT
scan (90 mL at 1.8 mL/min; delay, 90 s) during shallow breathing
(protocol A) or during normal expiration (NormExp; protocol B).
Multiphase protocols included 2 separate CT scans in the arterial
contrast enhancement phase (90 mL at 2.5–2.8 mL/min; bolus
tracking; scan range, base of the skull to the kidneys) and the
portal-venous contrast enhancement phase (delay, 90 s; scan
range, base of the lungs to the proximal thighs) during shallow
breathing (protocol C) or during NormExp (protocol D) followed
by a low-dose CT scan during shallow breathing for attenuation
correction and whole-body PET. Feasibility was assessed by
comparing the misalignment of the upper abdominal organs
quantitatively by means of the craniocaudal, lateral, and ante-
rior–posterior differences on coregistered PET/CT images. For
image quality, the occurrence of CT artifacts and mismatching
of rigid body points were evaluated qualitatively. Results:
Misalignment was significantly lower for protocol B in almost all
organs and represented the best coregistration quality. Surpris-
ingly, protocol A showed significantly better alignment than the
multiphase CT scans during NormExp. Misalignment values be-
tween the multiphase protocols were not significantly different,
with a trend toward lower values for protocol D. The best CT im-
age quality, with a significantly lower occurrence of artifacts, was
found for protocols B and D (NormExp). The levels of mismatch-
ing of rigid body points because of patient movement in between
the transmission and emission scans were similar for all pro-
tocols. Conclusion: Multiphase CT protocols presented a
technical disadvantage represented by suboptimal image coreg-
istration compared with single-phase protocols. Nevertheless,

multiphase protocols are technically feasible and should be con-
sidered for patients who will benefit from a contrast-enhanced
multiphase CT examination for diagnosis.
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Diagnostic image quality plays a key role in the
detection of diseases. Since the introduction of hybrid
scanners delivering different types of diagnostic informa-
tion, such as PET and CT (1,2), excellent performance and
optimization of diagnostic methods are of utmost interest.

Complementary information for anatomic structures and
metabolism leads to a benefit in diagnostic imaging not
only because of simple coregistration of separate methods
but also because of the high reproducibility of the simul-
taneous use of 2 innovative methods. The latest generation
of PET/CT scanners, with multidetector CT in combination
with high-resolution PET, allow faster and more exact
image acquisition. The adaptation of imaging protocols
for ultrafast imaging has been performed on stand-alone
PET and CT scanners but should improve the value of
combined imaging as well; therefore, imaging protocols
have become an important consideration (3–5).

A variety of imaging protocols have been reported in the
literature (3–8). These reports have elucidated the diagnos-
tic necessity of CT contrast medium or the combination of
contrast-enhanced attenuation correction CT scans and
PET. Furthermore, breathing protocols have been designed
for the prevention of motion artifacts, especially in the
upper abdominal organs (4,9–12). Until now, CT expiration
protocols have been preferred despite the facts that the
emission scan is performed during shallow free breathing
and there will be a decrease in diagnostic CT quality,
especially in lung tissue.

Received Jul. 23, 2005; revision accepted Nov. 23, 2005.
For correspondence contact: Klaus Brechtel, MD, Department of Diagnostic

Radiology, University of Tuebingen, Hoppe-Seyler-Strasse 3, 72076 Tuebingen,
Germany.

E-mail: brechtkla@yahoo.com

470 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 47 • No. 3 • March 2006

by on March 15, 2017. For personal use only. jnm.snmjournals.org Downloaded from 

http://jnm.snmjournals.org/


The question arises as to whether it is possible to perform
a full diagnostic CT scan with different contrast phases in
combination with a whole-body PET emission scan. Find-
ing a dedicated breathing protocol should permit a diag-
nostically powerful coregistration of PET and multiphase
CT scans. Such a method would require an ultrafast
multislice CT scanner that is equipped with a 4-row or
16-row multidetector system and that can scan without
increasing examination time.
To study this concept, we used 4 different contrast-

enhanced CT image protocols with single-phase and mul-
tiphase CT scans. The alignments of PET and CT protocols
were analyzed during different breathing states. The diag-
nostic performance of CT scans should have approximated
standard diagnostic image quality. We evaluated the mis-
alignment of upper abdominal organs together with CT
image quality as parameters of technical feasibility.
We hypothesize that the integration of multiphase CT

protocols into a PET/CT examination is a technically
feasible approach for the replacement of separate CT scans.
However, with these protocols, a decrease in image fusion
quality and an increase in scanning time have to be con-
sidered.

MATERIALS AND METHODS

Sixty patients were included in this study. The patients (age
[mean 6 SD], 58.2 6 14.2 y; 38 men, 22 women) mainly had
malignant diseases and were referred for a whole-body PET/CT
scan with 18F-FDG. All patients gave written informed consent,
and the studies were performed according to hospital guidelines
for diagnostic procedures.

Patients fasted at least 6 h before the examination. Before the
examination, patients received an intravenous injection of approx-
imately 400 MBq (mean 6 SD, 413.6 6 42.5 MBq) of 18F-FDG.
During the uptake phase of approximately 60 min (mean 6 SD,
73.2 6 13.8 min), patients were asked to drink 1 L of a water-
equivalent oral contrast dispersion without known adverse effects
on the accumulation of 18F-FDG (13).

Patients were preselected for multiphase or single-phase pro-
tocols depending on diagnostic CT procedures performed in the
previous 3 mo to prevent superfluous radiation exposure. Patients
were included in the study only if they had not undergone a
diagnostic contrast-enhanced CT examination 4 wk before PET/
CT. However, if patients had undergone a diagnostic contrast-
enhanced multiphase CT examination between 1 and 3 mo before
PET/CT, they were preselected into a single-phase protocol. The
breathing protocols were randomized by the examination date to
prevent systematic bias caused by age, sex, or disease. PET/CT
was performed with one of the various protocols for 15 patients
per group (Tables 1 and 2).

PET/CT was performed with a dual-modality PET/CT tomo-
graph (Biograph 16; Siemens Medical Solutions) consisting of an
ultrafast CT scanner with a 16-row multislice detector system and
a minimal rotation time of 0.5 ms. The intravenous contrast agent
Ultravist 370 (Schering AG) was used; it has an iodine concen-
tration of 370 mg/mL.

The PET scanner had a full-ring lutetium oxyorthosilicate
system with a crystal size of 4 · 4 mm2. Three-dimensional
PET was performed from feet to head; scanning of the lower
body parts was performed first. For the emission scan, the bed
time was 3 min, resulting in a total PET scan time of approxi-
mately 20–25 min (7 or 8 bed positions) (Table 1; Fig. 1).

CT data were used for attenuation correction as previously
described by others (14). After attenuation and scatter correction
of the PET data, images were reconstructed by use of an atten-
uation-weighted ordered-subsets maximization expectation ap-
proach (15) with 4 iterations and 8 subsets on a 128 · 128
matrix and with gaussian postfiltering of 5 mm.

Imaging Protocols
Single-Phase Protocols. In accordance with general scanning

procedures, CT was performed in the spiral mode. After acquisi-
tion of a topogram and definition of the scan range, continuous
acquisition was performed in protocols A and B at 120 keV, 160
mAs, a collimation of 1.5, and a table feed of 24 mm. Images were
reconstructed with a slice thickness of 5 mm.

Single-phase protocols included a contrast-enhanced whole-
body scan covering the base of the skull to the upper thighs. This
CT transmission scan also was used for attenuation correction in

TABLE 1
Anthropometric and Examination Data for Various Protocols

Data for following protocol:

Parameter A B C D

Contrast phase Single Single Multi Multi

Breathing protocol Shallow NormExp Shallow NormExp

No. of patients 15 13* 15 15
Age (y)y 57.9 6 13.1 53.5 6 14.9 65.4 6 9.2 55.3 6 16.9

No. of men/women 9/6 8/5 11/4 9/6

Body mass index (kg/m2)y 27.2 6 5.8 25.9 6 3.2 24.8 6 2.9 23.9 6 3.7

Activity (MBq)y 432 6 26 402 6 34 429 6 31 390 6 59
Uptake time (min)y 72.5 6 13.0 66.5 6 11.1 80.9 6 17.1 71.9 6 10.3

No. of bedsy 7.3 6 0.8 7.0 6 0.6 7.1 6 0.7 7.5 6 0.6

Bed time (min)y 3.1 6 0.4 3 3.1 6 0.3 3

*Two cases were not included because of archiving problems.
yMean 6 SD.
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the reconstruction of PET data. The patients were positioned head
first supine on the examination table with arms raised and with
standard support for comfortable overhead positioning. Before the
scan, 90 mL of contrast medium at a flow rate of 1.8 mL/s were
administered, and a portal-venous phase (delay, 90 s) was used to
prevent subclavian vein artifacts caused by a high concentration of
contrast medium (Fig. 1A).

Patients were randomized to either protocol A, which included
shallow breathing during the CT and PET scans, or protocol B,
which included a CT examination in which patients were asked to
hold their breath during normal expiration (NormExp) (11) and
then a PET scan during shallow free breathing. In between the
transmission and emission scans, there was a short break for image
reconstruction. The patients then were moved into the PET gantry.
Examination time ranged from 30 to 40 min.

Multiphase Protocols. In contrast to protocols A and B, the
multiphase protocols included multiple CT scans adapted for
standard CT image quality before the PET scan.

After the administration of an intravenous contrast agent (90
mL; flow rate, 2.5–2.8 mL/s), bolus tracking was performed with
the region of interest positioned on the descending aorta to cover
the late pulmonary–arterial phase and the abdominal arterial
phase. The arterial scan was performed at 120 keV, 160 mAs, a
collimation of 0.75, and a table feed of 12 mm. This first scan
covered the neck, the thorax, and the upper abdominal organs
extending to the lower borders of the kidneys.

The second scan began at the base of the lungs and continued to
the proximal thighs, including all abdominal and pelvic structures,
in the portal-venous phase (delay, 90 s after injection). The portal-
venous scan was performed with the same parameters as those
described above for protocols A and B.

In a second examination protocol, which directly followed the
CT scan after image reconstruction, a low-dose CT attenuation
scan was performed (120 keV, 30 mAs, collimation of 1.5, table
feed of 24 mm) before the PET emission scan. During the ex-
amination, patients were required to keep their arms elevated
(Fig. 1B).

As for protocols A and B, patients were randomized to different
breathing protocols for the contrast-enhanced CT scans, which
included shallow breathing (protocol C) or a NormExp state
(protocol D).

For all multiphase examinations, the low-dose CT attenuation
scan and the PET emission scan were performed without a
dedicated protocol during shallow breathing. For both breathing
protocols, examination time was between 40 and 50 min (Fig. 1B).

Image Processing and Data Analysis
Image analysis was performed with a commercially available

Syngo workstation (version VD 20K; Siemens Medical Solutions).
For the assessment of alignment quality, CT and PET images
underwent semiautomatic image fusion by use of a 3-dimensional
tool kit with a linear mutual coregistration algorithm as described
in previous publications (16,17). In cases of low-quality image
fusion, manual coregistration was performed in the axial, sagittal,
and coronal planes with reference to comparatively rigid body
points (e.g., pelvis, promontorium, spine, and upper and lower
extremities).

As an indicator of misalignment, the borders of the liver were
identified on identical image planes on the PET and CT images.
The distance between the organ border on the PET image and the
equivalent organ border on the CT image was measured by

TABLE 2
Pathologic Entities for Study Population and Distribution

Within Protocols

No. in following

protocol:

Pathologic entities A B C D

Genitourinary tumors 3 3 2 6
Tumors of bowel and intestines 1 2 2 1

Esophageal cancer 0 1 0 0

Stomach cancer 1 0 0 1

Breast cancer 1 1 2 0
Cancer of unknown primary source 2 2 0 1

Head and neck tumors 1 0 2 1

Lung cancer 1 2 2 1

Melanoma 0 0 1 1
Pancreatic tumor 0 0 0 1

Lymphoma 4 2 3 1

Inflammatory diseases 1 2 1 1

FIGURE 1. PET/CT protocols for single-phase (A) and multi-
phase (B) examinations. For protocol A, purple spiral represents
whole body in portal-venous contrast enhancement. Scan
range included base of skull to proximal thigh, as in PET (blue
cylinder). For protocol B, 2 examination protocols had to be
implemented because of technical standards of scanner. After
injection and bolus tracking of contrast medium, first CT scan
covered base of skull to lower borders of kidneys (red spiral). At
90 s after injection, CT ranging from base of lungs to proximal
thighs was performed in portal-venous contrast enhancement
phase (purple spiral). After short reconstruction interval, atten-
uation LD-CT (gray spiral) and PET were performed. Thickness
of spiral lines indicates dose (thick line: 160 mAs; thin line:
30 mAs); width of spirals indicates collimation (narrow: 0.75;
wide: 1.5).
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methods described for the detection of organ misalignment
(10,18,19). Measurements were obtained in the axial, sagittal,
and coronal planes for representative midorgan sites. For the
identification of organ borders on PET images, a fixed contrast
scale was used according to a standardized uptake value ranging
from 0 to 8. For better visualization, organs were enlarged on
the monitor for single measurements.

Misalignment for each organ was given as the absolute length
of the vector calculated from the 3 orthogonal distances as follows
(10,20): Ox2 1 y2 1 z2; in this equation, x, y, and z describe the
distances between organ borders in the lateral, anterior–posterior,
and caudocranial directions, respectively.

Additionally, CT image quality was assessed qualitatively for
blurring artifacts caused by breathing or movements. Furthermore,
noncompliance of patients in between the 2 examinations resulting
in mismatching of rigid body points (e.g., pelvis, promontorium,
spine, and upper and lower extremities) was assessed qualitatively
(yes/no).

Statistical Evaluation
For data evaluation, an unpaired 2-tailed Student t test was used

to detect differences in mean values for organ misalignment when
protocols A, B, C, and D were compared. For the evaluation of
multiphase CT scans within the same group, a paired Student t test
was applied. A P value of ,0.05 was considered significant; a
P value of ,0.005 was considered highly significant. Values are
given as mean 6 SD.

For differences in image quality based on the occurrence of
artifacts on CT images or mismatching of rigid body points on
coregistered PET/CT images, x2 values were calculated. A P value
of ,0.05 was considered significant. Statistics and graphs were
generated by use of SigmaPlot 2000 (SPSS Science).

RESULTS

Single-Phase CT

For protocol A (shallow breathing, portal-venous en-
hancement), we found a mismatch for the liver of less than
10 mm (mean value, 9.4 mm; range, 5.7–12.1 mm) (Fig. 2).
There were CT artifacts in 10 of 15 cases (66.7%) as a
result of breathing and mismatching of rigid body points
(upper extremities) in 1 case (6.7%) (Fig. 3). For protocol B
(NormExp, portal-venous enhancement), the mean value
for mismatching was 6.2 mm (range, 3.2–9.4 mm) (Fig. 2).
No CT artifacts and no mismatching of rigid body points
were noted for this protocol, which produced good image
quality. Unfortunately, 2 cases in this group were not
included because of technical problems in the archiving
system (Table 1; Figs. 2 and 3).

Multiphase CT

Arterial Contrast Enhancement. For protocol C (shallow
breathing), the mean value for misalignment was 19.3 mm
(range, 8.8–37.4 mm) (Fig. 2). CT artifacts were found in
11 of 15 cases (73.3%). Mismatching of rigid body points
occurred in 2 of 15 cases (13.3%) (Fig. 3). For protocol D
(NormExp), the mean value for misalignment was 16.3 mm
(range, 5.8–44.0 mm). In 1 of 15 cases (6.7%), we found
CT artifacts, and 2 of 15 cases (13.3%) showed mismatch-
ing of rigid body points (Figs. 2 and 3).

Portal-Venous Contrast Enhancement. For protocol C
(shallow breathing), the ranges of the mean values were
similar to those of the arterial-phase CT scans. The mean
value for the liver was assessed to be 19.4 mm (range, 5.1–
39.5 mm) (Fig. 2). CT artifacts were found in 14 of 15 cases
(93.3%). Mismatching of rigid body points did not occur in

FIGURE 2. Comparison of misalignment of contrast-
enhanced CT examinations for protocols A, B, C, and D.
Protocol B (NormExp; single phase) had significantly lowest
values for all abdominal organs. Significant differences between
multiphase protocols (C and D) could not be assessed. art 5

arterial; p-v 5 portal-venous. d 5 individual values; h+ 5 mean
values. Error bars indicate SDs.

FIGURE 3. Occurrence of image artifacts caused by breathing
and severe mismatching caused by movements of patient in
between CT and PET scans. Mismatching was distributed
equally among protocols, whereas image quality correlated
strongly with breathing protocols. NormExp protocols (B and D)
had significantly lower occurrences of artifacts and, therefore,
superior image quality. art 5 arterial; p-v 5 portal-venous.
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any cases (Fig. 3). The mean value for the liver in protocol
D (NormExp) tended to be lower (mean value, 13.6 mm;
range, 5.4–22.6 mm). CT artifacts were found in 3 of 15
cases (20%), and mismatching of rigid body points was
found in 2 of 15 cases (13.3%) (Figs. 2 and 3).

Comparison of Alignment and Image Quality

When we compared the mean values of the contrast-
enhanced CT examinations, we found a significantly lower
value for protocol B (NormExp, single phase) than for all
other protocols. Differences in mean values were highly
significant (P , 0.005) for the liver (Fig. 2). We found
significantly lower values for protocol A (shallow breath-
ing, single phase) than for protocols C and D, accounting
for both contrast-enhanced phases. When we compared the
multiphase protocols, we found only a trend toward lower
values for protocol D (NormExp); misalignment values
were not significantly different in these protocols.
The occurrence of CT artifacts differed significantly ac-

cording to the breathing protocols. As expected, we found a
significantly higher occurrence of CT artifacts for protocols
A and C than for protocols B and D. However, there were
no differences between the NormExp protocols (B and D)
and the shallow-breathing protocols (A and C) (Fig. 3).
Mismatching of rigid body points did not correlate with

breathing protocols and was distributed equally among all
protocols (Fig. 3).

Comparison of Attenuation Correction CT Scans in
Multiphase Protocols

Surprisingly, as described above, we found lower mis-
alignment values for the single-phase protocol during
shallow breathing (protocol A) than for the multiphase
protocol during NormExp (protocol D). To determine
whether this finding was attributable to the fusion process
implemented by the software system or was caused by
patient noncompliance, we compared the diagnostically
nonrelevant low-dose CT (LD-CT) scan, which was used
for attenuation correction, and the arterial and portal-
venous CT scans with protocols C and D. In both protocols
C and D, the LD-CT was applied during shallow breathing.
For protocol C (shallow breathing), we found signifi-

cantly lower values for the liver in the LD-CT than in the
arterial and portal-venous phases (Fig. 4A). For protocol D
(NormExp), there was a significantly lower value for the
LD-CT than for the arterial phase (P 5 0.04). We did not
find a significant difference between the LD-CT and the
portal-venous phase (Fig. 4B). Therefore, contrast-
enhanced CT scans with protocol D failed to show supe-
riority over attenuation scans applied during shallow
breathing.
As expected, when the same breathing protocols were

used, misalignment values in the LD-CT with both proto-
cols were similar to those obtained with protocol A (Fig. 5).
CT artifacts were not assessed because the LD-CTwas used
only for attenuation correction.

DISCUSSION

In the present study, we compared intravenous contrast–
enhanced single-phase CT with intravenous contrast–
enhanced multiphase CT combined with whole-body PET
by use of a high-performance dual-modality PET/CT system.
Additionally, we defined breathing protocols to achieve
optimal preconditions for good alignment and therefore good
image quality in both PET and CT.

It was shown that a single-phase contrast-enhanced
whole-body CT scan during NormExp results in significant
superiority over 3 other protocols on the basis of the
alignment of the liver in PET and CT. This type of protocol
has technical advantages with regard to examination time
and therefore the patient’s comfort. For patients undergoing
repeated diagnostic CT scans in a comparatively short time
period or even in younger patients, radiation exposure
should be considered in the choice of a protocol. Brix

FIGURE 4. Multiphase PET/CT. Comparison of misalignment
in protocol C (A) and protocol D (B). LD-CT attenuation scans
were performed during shallow breathing. However, with regard
to misalignment in liver, values for LD-CT were significantly
lower. For protocol D, contrast-enhanced CT scan during
NormExp did not show superiority over LD-CT scan during
shallow breathing. Instead, values for LD-CT were significantly
lower than those for arterial phase for liver. LD 5 low dose; ART
5 arterial; P-V 5 portal-venous. d 5 individual values; h+ 5

mean values. Error bars indicate SDs.
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et al. (21) described an effective dose of approximately
25 mSv for a PET scan combined with a single-phase
contrast-enhanced whole-body CT scan, which contributed
approximately 18 mSv to the total exposure. In comparison,
the radiation dose from CT alone with multiphase protocols
would be significantly higher and would range from 25 to
30 mSv (22,23).
At present, there are many PET/CT protocols that follow

the principles of a complete whole-body scan while mod-
ifying contrast injection into mono- or biphasic protocols
inducing more-or-less relevant artifacts on corrected PET
images caused by high concentrations of CT contrast
medium (3–8). However, from a diagnostic point of view,
such protocols would be only a compromise compared with
a state-of-the-art multislice CT scan performed, for exam-
ple, in the staging of cancer patients. The necessity of
multiphase CT as performed with our study protocols may
be subject to debate on principle (3); nevertheless, such a
technique would be necessary for detecting lesions in some
patients if neither 18F-FDG PET nor single-phase CT led to
a clear diagnosis.
For technical feasibility, we used the parameter of

misalignment of the liver, which has been described by
other authors (10,18–20). Because of the character of the
distribution of 18F-FDG, organ borders are identified best
for the liver, whereas the kidneys and the spleen cannot
always be distinguished clearly from their abdominal sur-
roundings, leading to high misalignment values for these
organs. The latter situation, in turn, decreases the reliability
of fusion quality to a rather low level. Furthermore, the
differences in organ borders along the z-axis contribute the
most to the misalignment value (data not shown) and can be
considered the most relevant (18,19) and highly predictive.
Surprisingly, the multiphase protocols showed signifi-

cantly inferior quality of alignment even when compared
with the single-phase whole-body scan (protocol A) during

shallow breathing. One reason may be the reproducibility
of the NormExp state, which varies during repeat CT scans.
Other factors are the compliance of the patient and the
frequency of as many as 3 CT scans before PET. Therefore,
examination time increases by as much as about 10–15 min
and may contribute to major discomfort for some patients.

Another reason for the comparatively low alignment
quality may be the different fields of view of the whole-
body PET scan and the multiphase CT scans, which only
cover either the thorax and the upper abdomen or the abdo-
men and the pelvis. This property leads to a minor number
of rigid body points that may be located on the PET scan
but that are not seen on the CT scan; for example, upper
parts of the spine or upper extremities are not seen on an
abdomen–pelvis scan. Therefore, there is a discrepancy in
comparisons of the results of single and multiphase proto-
cols with regard to the mismatching of rigid body points,
which did not vary among the protocols.

Overall, the differences in alignment were almost the
same as the differences reported for separate-modality
scanners (19); from a technical point of view, this finding
is a clear disadvantage.

On the basis of image quality, examinations with the
breath-hold technique as performed in protocols B and D
clearly are superior to shallow free-breathing protocols and,
furthermore, show better alignment than equivalent CT
scans (Fig. 2). However, the NormExp state is not able to
reveal small nodules in the lungs because of the small
expansion of lung tissue. The result is a lack of sensitivity
in the detection of such lesions because of the failure of the
PET system to add information on such pathologies be-
cause its resolution is lower than that of multidetector CT.
This situation would require an additional CT scan of the
thorax because the presented protocols do not cover breath-
ing states in full inspiration, which would be necessary for
detecting small lung lesions. This option easily can be
included in the examination protocol, for example, before
the injection of contrast medium or even after the PET
scan, with an acceptable moderate increase in the radiation
dose and the examination time.

CONCLUSION

We assessed the technical feasibility of 4 different
contrast-enhanced whole-body PET/CT examination proto-
cols. We showed that multiphase CTwith standard diagnos-
tic quality reached by state-of-the-art examinations with a
stand-alone scanner can be integrated into a standard PET/CT
protocol and that coregistration is technically possible.
However, the quality of alignment is significantly inferior
compared with that of single-phase contrast-enhanced CT,
which also is used for attenuation correction of the PET data.

The diagnostic accuracy of image interpretation was not
evaluated in this study, but we attributed the lack of
diagnosis to the use of single-phase contrast-enhanced or
attenuation correction low-dose CT. This situation was

FIGURE 5. Comparison of CT attenuation scans. Protocol B
showed lowest values for misalignment in all organs. Attenuation
scans with protocol C (C LD) and protocol D (D LD) showed values
similar to those with protocol A, as expected. d 5 individual
values; h+ 5 mean values. Error bars indicate SDs.
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especially true for patients with hypervascularized metas-
tases or tumors. In such cases or even in patients without
prediagnostic examinations, multiphase CT will be neces-
sary for correct diagnosis and image interpretation. The
technical standards needed to achieve good coregistration
quality include a breath-hold technique for CT scans during
NormExp, and quality should be improved by the use of
fixation devices.
The effect of contrast enhancement in attenuation scans

was not evaluated in this study but may be considered a
minor factor in the diagnostic relevance and quality of the
images, especially when late contrast enhancement phases
with low-density peaks are used. Therefore, we strongly
support and recommend the use of these protocols in
clinical cases that will benefit from a multiphase contrast-
enhanced CT examination.

ACKNOWLEDGMENTS

We acknowledge our technical staff members, Henriette
Heners and Sylvia Stotz, for excellent assistance during the
studies and for the extra hours they worked. We also thank
Stefan Kaepplinger from Siemens Medical Solutions and
Fritz Schick from the Department of Diagnostic Radiology
for giving useful advice and intellectual support.

REFERENCES

1. Beyer T, Townsend DW, Brun T, et al. A combined PET/CT scanner for clinical

oncology. J Nucl Med. 2000;41:1369–1379.

2. Townsend DW, Beyer T, Blodgett TM. PET/CT scanners: a hardware approach

to image fusion. Semin Nucl Med. 2003;33:193–204.

3. Antoch G, Freudenberg LS, Beyer T, Bockisch A, Debatin JF. To enhance or

not to enhance? 18F-FDG and CT contrast agents in dual-modality 18F-FDG

PET/CT. J Nucl Med. 2004;45(suppl 1):56S–65S.

4. Beyer T, Antoch G, Muller S, et al. Acquisition protocol considerations for

combined PET/CT imaging. J Nucl Med. 2004;45(suppl 1):25S–35S.

5. Beyer T, Antoch G, Bockisch A, Stattaus J. Optimized intravenous contrast

administration for diagnostic whole-body 18F-FDG PET/CT. J Nucl Med. 2005;

46:429–435.

6. Bockisch A, Beyer T, Antoch G, et al. Positron emission tomography/computed

tomography: imaging protocols, artifacts, and pitfalls. Mol Imaging Biol. 2004;

6:188–199.

7. Yau YY, Chan WS, Tam YM, et al. Application of intravenous contrast in

PET/CT: does it really introduce significant attenuation correction error? J Nucl

Med. 2005;46:283–291.

8. Berthelsen AK, Holm S, Loft A, Klausen TL, Andersen F, Hojgaard L. PET/CT

with intravenous contrast can be used for PET attenuation correction in cancer

patients. Eur J Nucl Med Mol Imaging. May 21, 2005 [Epub ahead of print].

9. de Juan R, Seifert B, Berthold T, von Schulthess GK, Goerres GW. Clinical

evaluation of a breathing protocol for PET/CT. Eur Radiol. 2004;14:1118–1123.

10. Cohade C, Osman M, Marshall LN, Wahl RN. PET-CT: accuracy of PET and

CT spatial registration of lung lesions. Eur J Nucl Med Mol Imaging. 2003;30:

721–726.

11. Goerres GW, Kamel E, Heidelberg TN, Schwitter MR, Burger C, von Schulthess

GK. PET-CT image co-registration in the thorax: influence of respiration. Eur J

Nucl Med Mol Imaging. 2002;29:351–360.

12. Goerres GW, Burger C, Schwitter MR, Heidelberg TN, Seifert B, von Schulthess

GK. PET/CT of the abdomen: optimizing the patient breathing pattern. Eur

Radiol. 2003;13:734–739.

13. Antoch G, Kuehl H, Kanja J, et al. Dual-modality PET/CT scanning with

negative oral contrast agent to avoid artifacts: introduction and evaluation.

Radiology. 2004;230:879–885.

14. Kinahan PE, Hasegawa BH, Beyer T. X-Ray-based attenuation correction for

positron emission tomography/computed tomography scanners. Semin Nucl Med.

2003;33:166–179.

15. Hudson HM, Larkin RS. Accelerated image reconstruction using ordered subsets

of projection data. IEEE Trans Med Imaging. 1994;13:594–601.

16. Slomka PJ, Dey D, Przetak C, Aladl UE, Baum RP. Automated 3-dimensional

registration of stand-alone 18F-FDG whole-body PET with CT. J Nucl Med.

2003;44:1156–1167.

17. Slomka PJ. Software approach to merging molecular with anatomic information.

J Nucl Med. 2004;45(suppl):36S–45S.

18. Nakamoto Y, Tatsumi M, Cohade C, Osman M, Marshall LT, Wahl RL. Accuracy

of image fusion of normal upper abdominal organs visualized with PET/CT. Eur

J Nucl Med Mol Imaging. 2003;30:597–602.

19. Nakamoto Y, Sakamoto S, Okada T, et al. Accuracy of image fusion using a

fixation device for whole-body cancer imaging. AJR. 2005;184:1960–1966.

20. van Dalen JA, Vogel W, Huisman HJ, Oyen WJ, Jager GJ, Karssemeijer N.

Accuracy of rigid CT-FDG-PET image registration of the liver. Phys Med Biol.

2004;49:5393–5405.

21. Brix G, Lechel U, Glatting G, et al. Radiation exposure of patients undergoing

whole-body dual-modality 18F-FDG PET/CT examinations. J Nucl Med. 2005;

46:608–613.

22. Ptak T, Rhea JT, Novelline RA. Radiation dose is reduced with a single-pass

whole-body multi-detector row CT trauma protocol compared with a conven-

tional segmented method: initial experience. Radiology. 2003;229:902–905.

23. Hamberg LM, Rhea JT, Hunter GJ, Thrall JH. Multi-detector row CT: radiation

dose characteristics. Radiology. 2003;226:762–772.

476 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 47 • No. 3 • March 2006

by on March 15, 2017. For personal use only. jnm.snmjournals.org Downloaded from 

http://jnm.snmjournals.org/


2006;47:470-476.J Nucl Med. 
  
Roland Bares, Claus D. Claussen and Anna C. Pfannenberg
Klaus Brechtel, Magnus Klein, Monika Vogel, Marc Mueller, Philip Aschoff, Thomas Beyer, Susanna M. Eschmann,
  
PET/CT: Technical Aspects of Single-Phase Versus Multiphase CT Imaging

F-FDG18Optimized Contrast-Enhanced CT Protocols for Diagnostic Whole-Body 

 http://jnm.snmjournals.org/content/47/3/470
This article and updated information are available at: 

  
 http://jnm.snmjournals.org/site/subscriptions/online.xhtml

Information about subscriptions to JNM can be found at: 
  

 http://jnm.snmjournals.org/site/misc/permission.xhtml
Information about reproducing figures, tables, or other portions of this article can be found online at: 

(Print ISSN: 0161-5505, Online ISSN: 2159-662X)
1850 Samuel Morse Drive, Reston, VA 20190.
SNMMI | Society of Nuclear Medicine and Molecular Imaging

 is published monthly.The Journal of Nuclear Medicine

© Copyright 2006 SNMMI; all rights reserved.

by on March 15, 2017. For personal use only. jnm.snmjournals.org Downloaded from 

http://jnm.snmjournals.org/content/47/3/470
http://jnm.snmjournals.org/site/misc/permission.xhtml
http://jnm.snmjournals.org/site/subscriptions/online.xhtml
http://jnm.snmjournals.org/

