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Influence of rigid coregistration of PET and CT
data on metabolic volumetry: a user’s perspective
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Abstract

Background: While non-rigid fusion is by definition expected to alter the information of positron emission
tomography (PET) data, we assessed whether rigid transformation also influences metabolic tumor volume (MTV)
determination.

Methods: The PET/computed tomography (CT) data of 28 solid pulmonary lesions of 20 tumor patients examined
with 18 F-Fluordeoxyglucose (FDG) was retrospectively analyzed. The original (OR) hardware-coregistered PET images
were fused with contrast-enhanced diagnostic CT (CT1, 1 mm slices) and low dose CT (CT5, 5 mm slices). After
automatic rigid transformation (Mirada Fusion7D) using two algorithms (rigid fast (RF), rigid slow (RS)), MTV and
maximal standardized uptake value (SUVmax) were determined applying four different segmentation methods with
either fixed or background-adapted thresholding and compared to OR-PET data.

Results: Relative differences in SUVmax compared to OR data revealed no significant differences for RF
(median, −0.1%; interquartile range (IQR), −1.1% to 0.9%; p = 0.75) and RS (median, 0.5%; IQR, −0.6% to 1.3%;
p = 0.19) in CT1, whereas in CT5 significant deviations were observed for RF (median, −9.0%; IQR, −10.9 to −6.1;
p < 0.001) and RS (median, −8.4%; IQR, −11.1 to −5.6; p < 0.001). Relative MTV differences were 0.7% (IQR, −3.0% to
2.7%; p = 0.76) for RF and −1.3% (IQR, −3.6% to 0.9%; p = 0.12) for RS in CT1. Coregistration led to significant MTV
differences in RF (median, 10.4%; IQR, 7.4% to 16.7%; p < 0.001) and RS (median, 10.6%; IQR, 5.4% to 17.7%;
p < 0.001) in CT5.

Conclusions: Rigid coregistration of PET data allows a quantitative evaluation with reasonable accuracy in most
cases. However, in some cases, it can result in substantial deviations of MTV and SUVmax. Therefore, it is
recommended to perform quantitative evaluation in the original PET data rather than in coregistered PET data.
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Background
Image fusion, initially software-based, is an established
procedure in nuclear medicine (NM) [1,2], and both
rigid and non-rigid coregistration approaches still are
the research focus of many groups [3,4]. While modern
hybrid-tomographs usually provide an appropriate align-
ment of functional positron emission tomography (PET)
and morphological computed tomography (CT), changes
in breathing pattern between both examinations or
* Correspondence: ingo.steffen@med.ovgu.de
†Equal contributors
1Klinik für Radiologie und Nuklearmedizin, Universitätsklinikum Magdeburg
A.ö.R, Leipziger Strasse 44, Magdeburg 39120, Germany
2Klinik für Nuklearmedizin, Charité Centrum 6 für diagnostische und
interventionelle Radiologie und Nuklearmedizin, Campus Virchow-Klinikum,
Charité - Universitätsmedizin Berlin, Berlin 13353, Germany
Full list of author information is available at the end of the article

© 2013 Steffen et al.; licensee Springer. This is
Attribution License (http://creativecommons.or
in any medium, provided the original work is p
physiological organ and/or patient movement may lead
from slight to grave incongruences of the two 3D-data
sets to be matched [5-8]. Thus, automatic or manual
software-based fine-tuning is commonplace in order to
create a better match of the relevant anato-metabolic
findings [9].
In PET imaging, it is commonplace to assess tumor

metabolism not only qualitatively (i.e., visual analysis)
but also quantitatively. Apart from the established stan-
dardized uptake value (SUV) determination, more re-
cently tumor volume measurements have been reported
that could be of value especially in therapy assessment
[10] and radiation oncology [11-13]. In addition to in-
trinsic hardware-based image fusion supplied by PET/
CT-hybrid-devices, software-based fine-tuning is possible
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for correction of fusion artifacts or is even necessary, for
example, for the planning of radiation therapy [11].
While elastic (non-rigid, deformable) fusion is ex-

pected to alter the information of PET data, the present
study assessed whether the corresponding interpola-
tion also has an impact on semiquantification in a
rigid (translations and/or rotations only) transforma-
tion setting.

Methods
Patients
The PET/CT data of 20 lung cancer patients (12 male, 8
female; median age, 71.3 years; range, 57 to 82 years)
with a total of 28 solid lung lesions were included. This
retrospective study was approved by the local ethics
committee (application no. EA2/143/12), and all patients
signed a written informed consent.

PET/CT data acquisition
Patients received a whole-body PET/CT examination
with 18 F-Fluordeoxyglucose (FDG) (Biograph 16, Siemens
Medical, Erlangen, Germany). The PET protocol included
an 8-h fasting period followed by confirmation of a blood
glucose level ≤ 110 mg/dl prior to the scanning procedure.
PET scans were performed 90 min after intravenous injec-
tion of 250 to 380 MBq (median, 300 MBq) FDG (five to
six bed positions at 3 min each; matrix size, 168 × 168;
voxel size, 4.1 × 4.1 × 5.0 mm).
CT imaging first consisted of an unenhanced low-dose

CT (40 mAs/120 kV; detector collimation, 16 × 1.5 mm)
reconstructed with a slice thickness of 5 mm (matrix
size, 512 × 512; voxel size, 1.4 × 1.4 × 5.0 mm). From this
scan also, the attenuation map necessary for the attenu-
ation correction of PET data was derived. Subsequently,
a dedicated CT scan using CareDose4D® (part of Somatom
16 Software, Version B10, Siemens Medical, Erlangen,
Germany) automatic dose regulation technology (230
mAs/120 kV; detector collimation, 16 × 1.5 mm) was per-
formed using intravenous contrast enhancement (70 to
100 ml Ultravist 370, Bayer Schering Pharma, Berlin,
Germany/venous phase with 70 s delay) and a recon-
structed slice thickness of 1 mm (matrix size, 512 × 512,
voxel size, 1.4 × 1.4 × 1.0 mm).
For all scans, the patients were in the supine position

with arms elevated and they were instructed to retain a
shallow breathing pattern throughout the low-dose CT
scan and the PET acquisition in order to minimize
motion-induced attenuation correction artifacts. The
diagnostic CT scan was acquired during the inspiration
phase. PET images were reconstructed using an iterative
two-dimensional ordered subset expectation maximiza-
tion algorithm (2D OSEM, 4 iterations, 8 subsets, 5 mm
FWHM Gaussian filter) including correction for scatter
and attenuation.
Image registration
Coregistration was performed using Mirada Fusion 7D
(Build FUSM 1.0.0.8, Broker 5.5.6.7, Mirada Solutions,
Oxford, UK) on a Leonardo workstation (CPU, Intel
Xeon 3,2 GHz; OS, Windows XP Prof., SP3; RAM, 3GB;
e.soft Software, Version 4.0, Siemens Medical Solutions,
Erlangen, Germany). Only thoracic slices (lung apices
to diaphragm) were selected for coregistration. Digital
imaging and communications in medicine (DICOM)
images were transferred from the workstation to the
Mirada software using the Mirada DICOM broker
selecting CT images as source data and corresponding
PET images as target data. Rigid coregistration was per-
formed using the ‘rigid fast’ (RF) and the ‘rigid slow’
(RS) mode available in the Mirada software. Both algo-
rithms are based on mutual information with the main
difference being the number of samples used for the
similarity function (for example, the slow algorithm is
supposed to be more accurate but is more time-
consuming). Original PET data as well as coregistered
PET data were saved in the CT geometry and pixel size
for CT1 and CT5, respectively. In the following, we refer
to the resampled original data (hardware coregistered) as
original (OR) data.
The median coregistration times for CT5 were 7.4 s

(interquartile range (IQR), 6.7 to 7.9 s) using RF and
101.2 s (IQR, 92.5 to 119.3 s) applying RS with a corre-
sponding median ratio of 15.6 (IQR, 13.1 to 16.5). In
CT1, the median coregistration times were 9.1 s (IQR,
8.3 to 10.2 s) for RF and 80.6 s (IQR, 73.2 to 92.5 s) for
RS with a corresponding median ratio of 8.6 (IQR,
8.0 to 10.1).

Metabolic volumetry
Lesions in PET were delineated using dedicated software
(Rover, Version 2.1.8, ABX GmbH, Radeberg, Germany)
applying four different segmentation methods. First, an
adaptive threshold method (AT), which applies a
volume-reproducing threshold after subtraction of local
background, was used [14]. The other segmentation me-
thods are based on fixed thresholds delineating all voxels
with an activity concentration of at least 40% (T40),
50% (T50), or 60% (T60) of the measured maximum
activity, respectively. In all lesions, SUVmax, meta-
bolic tumor volume (MTV) and total lesion glycolysis
(TLG, MTV*SUVmean) were determined for OR and
for the coregistered (RS/RF) PET data, using both CT1
and CT5.

Statistical methods
All calculations were performed using the R-system for
statistical computing (version 2.15.3, R Foundation for
statistical Computing, Vienna, Austria, http://www.R-
project.org). Descriptive parameters were expressed as
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mean, median, IQR, and range. Differences between ori-
ginal and coregistered date were analyzed using non-
parametric Wilcoxon test for paired data. Agreement of
different methods was analyzed using Bland-Altman
plots [15] and 95% limits of agreement (95% LoA). All
tests were two-sided, and statistical significance was as-
sumed at p < 0.05.
Results and discussion
Results
Original PET data
The MTV of original PET data was 3.2 (IQR, 2.4 to 6.2)
ml and ranged from 1.1 to 27.2 ml with a median SUV-
max of 9.0 (5.6 to 12.8) ranging from 1.6 to 30.9. The
TLG of original PET data showed a median of 13.9 (8.7
to 51.7) ml and ranged from 3.4 to 370.1 ml. After the
resampling step leading to OR data, the SUVmax
remained essentially unchanged (median, 8.8; IQR, 5.8
to 12.6; range, 1.6 to 30.3).
SUVmax differences between OR and coregistered PET data
CT1. Median SUVmax in OR was 8.8 (5.6 to 12.6) and
showed no significant differences compared to median
SUVmax of 8.7 (5.6 to 12.5) in RF (p = 0.75) and 8.7 (5.6
to 12.5) in RS (p = 0.19). The median relative SUVmax
differences were −0.1 (−1.1% to 0.9%) ranging bet-
ween −2.3% and 2.8% in RF and 0.5 (−0.6% to 1.3%)
ranging between −2.3% and 2.5% in RS.
CT5. Median SUVmax decreased significantly from 8.8

(5.6 to 12.6) in OR to 8.1 (5.2 to 11.7) in RF (p < 0.001)
and to 8.0 (5.4 to 11.5) in RS (p < 0.001) with median
relative SUVmax differences of −9.0 (−10.9% to −6.1%)
ranging from −18.2% to −1.1% in RF and with median
relative SUVmax differences of −8.4 (−11.1% to −5.6%)
ranging from −19.4% to 4.3% in RS.
MTV differences between OR and coregistered PET data
CT1. Median MTV in OR was 3.3 (2.4 to 5.9) ml and
showed no significant differences compared to median
MTV of 3.1 (2.3 to 5.9) ml in RF (p = 0.76) and 3.1 (2.3
to 5.8) ml in RS (p = 0.12). Relative MTV differences
ranged from −12.7% to 9.2% (median, 0.7%; IQR, −3.0% to
2.7%) for RF and from −16.1% to 14.1% (median, −1.3%;
IQR, −3.6% to 0.9%) for RS.
CT5. While the median MTV in OR measured 3.3 ml

(IQR, 2.4 ml to 6.0 ml), it increased significantly to
3.6 ml (IQR, 2.7 to 6.4 ml) in RF (p < 0.001) and to
3.5 ml (IQR, 2.7 to 6.5 ml) in RS (p < 0.001). Accor-
dingly, relative MTV differences showed a median of
10.4% (IQR, 7.4% to 16.7%; range, −11.7% to 48.0%) in
RF and 10.6% (IQR, 5.4% to 17.7%; range, −17.0% to
42.7%) in RS.
TLG differences between OR and coregistered PET data
CT1. OR data featured a median TLG of 12.5 (8.1 to 48.4)
ml with no significant differences compared to 12.7 (8.4 to
47.8) ml in RF (p = 0.40) and 12.5 (8.1 to 47.5) ml in RS
(p = 0.12). The corresponding median relative TLG differ-
ences were 0.5 (−2.2% to 1.9%) ranging from −9.9% to
6.5% in RF and −0.9 (−2.4% to 0.6%) ranging from −12.6%
to 10.2% in RS.
CT5. The median TLG in OR was 13.6 (8.5 to 50.5) ml

and increased significantly to 13.7 (9.8 to 51.0) ml in RF
(p < 0.05). In contrast, no significant difference was ob-
served after coregistration with RS with a median of 14.4
(9.2 to 51.1) ml (p = 0.13). The median relative TLG dif-
ferences measured 2.0 (−0.5% to 4.8%) ranging bet-
ween −12.2% and 22.1% in RF and 1.6 (−2.1% to 5.8%)
ranging between −15.7% and 20.8% in RS.

Association of MTV and segmentation methods
CT1. Relative MTV differences for RF based on dif-
ferent segmentation algorithms showed a median of
0.7 (IQR, −3.0% to 2.7%) (AT), 0.2 (−1.2% to 1.8%)
(T40), 0.3 (−1.8% to 2.7%) (T50), and 0.7 (−2.6% to
4.0%) (T60), respectively. The corresponding results
for RS were −1.3 (−3.6% to 0.9%) (AT), −1.0 (−2.8%
to 1.2%) (T40), −1.0 (−2.5% to 1.4%) (T50), and −1.3
(−4.0% to 1.2%) (T60). For RF as well as RS data, the
Wilcoxon test revealed significant differences neither
between AT and T40 (RF, p = 0.69; RS, p = 0.35), nor be-
tween ATand T50 (RF, p = 0.49; RS, p = 0.35), and nor be-
tween AT and T60 (RF, p = 0.49; RS, p = 0.70).
CT5. Median relative MTV differences for RF mea-

sured 10.5 (7.4% to 16.7%) (AT), 12.9 (9.1% to 21.2%)
(T40), 11.7 (7.8% to 17.2%) (T50), and 9.4 (4.8% to
15.4%) (T60), respectively. Relative MTV differences for
RS showed a median of 10.6 (5.4% to 17.7%) (AT), 12.6
(8.1% to 23.4%) (T40), 13.1 (7.4% to 18.6%) (T50), and
9.9 (3.4% to 17.8%) (T60). For RF as well as RS data, the
Wilcoxon test revealed significant differences between
AT and T40 (both p < 0.05) but not between AT and T50
(RF, p = 0.20; RS, p = 0.12) or AT and T60 (RF, p = 0.69;
RS, p = 0.45), respectively.
Descriptive parameters of unsigned absolute and rela-

tive differences between OR and coregistered PET data
are given in Tables 1, 2, and 3. Corresponding relative dif-
ferences are depicted as Bland-Altman plots in Figure 1.
The unsigned relative differences are displayed as boxplots
in Figure 2. Relative MTV differences between OR and
coregistered PET data for different segmentation algo-
rithms are presented in Table 4 and depicted as Bland-
Altman plots in Figure 3. An example demonstrating the
differences of MTV and SUVmax between OR and core-
gistered PET data is given in Figure 4. Figure 5 illustrates
the influence of tracer distribution on interpolation ef-
fects, e.g., due to tumor heterogeneity.



Table 3 Unsigned differences in TLG after coregistration

RF RS

ΔTLG (ml) ΔTLG (%) ΔTLG (ml) ΔTLG (%)

CT1

Mean 0.9 2.9 0.6 3.2

Median 0.4 2.1 0.4 1.8

IQR 0.2 to 0.7 1.2 to 4.2 0.2 to 0.8 0.8 to 4.8

Range 0.0 to 8.1 0.2 to 9.9 0.1 to 2.2 0.2 to 12.6

CT5

Mean 2.1 5.3 2.1 5.4

Median 0.6 3.2 0.7 3.8

IQR 0.2 to 1.8 1.7 to 5.3 0.5 to 0.9 1.9 to 6.1

Range 0.0 to 20.6 0.1 to 22.1 0.0 to 20.3 0.3 to 20.8

RF, rigid fast; RS, rigid slow; CT1, 1-mm-slice thickness; CT5, 5-mm-slice
thickness.

Table 1 Unsigned differences in SUVmax after
coregistration

RF RS

ΔSUVmax ΔSUVmax (%) ΔSUVmax ΔSUVmax (%)

CT1

Mean 0.1 1.1 0.1 1.0

Median 0.1 1.0 0.1 0.8

IQR 0 to 0.2 0.4 to 1.6 0.0 to 0.1 0.5 to 1.5

Range 0.0 to 0.7 0.1 to 2.8 0.0 to 0.5 0.0 to 2.5

CT5

Mean 0.9 9.0 1.0 8.8

Median 0.7 9.0 0.8 8.4

IQR 0.5 to 1.3 6.1 to 10.9 0.3 to 1.3 5.6 to 11.1

Range 0.0 to 2.9 1.1 to 18.2 0.0 to 3.0 1.6 to 19.4

RF, rigid fast; RS, rigid slow; CT1, 1-mm-slice thickness; CT5, 5-mm-slice
thickness.
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Discussion
Recent uses of PET data for staging, therapy assessment,
and definition of target volume for irradiation indicate
that the sole definition of the traditional SUVmax, based
on a single voxel, may be insufficient. As a consequence,
the assessment of the whole metabolic tumor volume or
the determination of total lesion glycolysis [16] has been
suggested. However, the accurate delineation of a PET
positive lesion is difficult as manual segmentation is as-
sociated with a large intra- and interobserver variability
and fixed thresholds have been proven to be inadequate
[17]. To overcome this problem, several automatic delin-
eation methods have been proposed [18-23], but up to
the present, no general consensus about the best method
exists. In this study, we used a method which applies a
volume-reproducing intensity threshold after subtraction
Table 2 Unsigned differences in metabolic tumor
volumes (MTV) after coregistration

RF RS

ΔMTV (ml) ΔMTV (%) ΔMTV (ml) ΔMTV (%)

CT1

Mean 0.2 4.0 0.2 4.4

Median 0.1 2.9 0.1 2.7

IQR 0.1 to 0.2 1.8 to 5.8 0.1 to 0.2 1.2 to 6.4

Range 0.0 to 1.4 0.2 to 12.7 0.0 to 0.9 0.0 to 16.1

CT5

Mean 0.6 14.4 0.6 13.7

Median 0.4 11.4 0.4 10.7

IQR 0.3 to 0.5 7.6 to 16.7 0.2 to 0.6 6.8 to 17.7

Range 0.0 to 4.3 0.1 to 48.0 0.0 to 4.5 0.8 to 42.7

RF, rigid fast; RS, rigid slow; CT1, 1-mm-slice thickness; CT5, 5-mm-slice
thickness.
of local background. The method seems promising [14]
and is implemented in commercial software available at
our site. Since fixed thresholds are still frequently used
[24,25], we also investigated three different thresholds
(see the following paragraphs).
It has already been shown that quantification of PET

is affected by a multitude of biological and technical fac-
tors influencing PET acquisition and reconstruction
[26,27]. The effect of different reconstruction algorithms
on PET-based volume segmentation was analyzed in a
recent study and showed a substantial influence of re-
construction algorithms on segmentation thresholds [28].
In the present study, the images were reconstructed as
usually performed in our clinical routine (2D-OSEM), and
the effect of rigid coregistration on PET quantification
was observed. The applied two mutual information-based
rigid coregistration algorithms (RF and RS) allow user-
independent translations and rotations of the PET data.
Both algorithms showed deviations of SUVmax and meta-
bolic tumor volume compared to original coregistration
algorithm in a similar range.
However, it has to be emphasized that the focus of the

recent study was not to determine the accuracy of the
different coregistration algorithms as no reference stand-
ard was available for this issue. It is obvious that the
final result of the OR data may be influenced by motion
blur or incongruence of PET and CT data due to diffe-
rent organ positions (not to mention the attenuation
correction errors associated therewith) [29]. However,
the aim was to demonstrate in a proof of principle that
notable deviations can be observed also after mere rigid
transformations using coregistration algorithms as usu-
ally performed in clinical routine.
On average, the observed deviations of SUVmax,

MTV, and TLG are rather small (see Tables 1, 2, and 3).
For the PET data coregistered to CT1 also, the maximum



Figure 1 Bland-Altman plots of relative changes in SUVmax, MTV, and TLG. Relative changes after coregistration to CT1 and CT5 using the
RF and RS coregistration algorithm of 28 lesions in 20 patients. Differences are calculated as coregistered data - original data. Solid and dashed
lines represent mean ± 2SD.
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deviations were moderate (SUVmax, 2.8%; MTV, 16.1%;
TLG, 12.6%) while the PET data coregistered to the
coarsely sliced CT5 showed strong deviations in some
cases (maximum differences, SUVmax, 19.4%; MTV,
48.0%; TLG, 22.1%). This is an expected result, since
in general on a coarse grid, interpolation effects are
more pronounced than on a fine grid independent of
the interpolation method. CT5 had a slice thickness
of 5 mm compared to 1 mm of CT1. The in-plane
voxel size was the same for both CTs. It can be ex-
pected that for larger in-plane voxel sizes (e.g., core-
gistration of two follow up PETs), deviations are even
larger and occur more often.
Besides the target voxel grid, the interpolation method

directly influences the deviation of SUVmax, MTV, and
Figure 2 Box plots of relative changes in SUVmax, MTV, and TLG. Rela
algorithm of 28 lesions in 20 patients (unsigned). Outliers are marked by ci
TLG. The interpolation method implemented in the used
coregistration software is trilinear interpolation. There-
fore, our results are strictly speaking only valid for the ap-
plied coregistration software. However, similar effects can
be expected with other coregistration software.
The transformation parameters used for coregistration

also have direct influence on the interpolation effects. If,
for example, the data are shifted by a multiple of the
voxel size, the data are not interpolated at all. On the
other hand, if the data are shifted by half of the voxel
size (plus an arbitrary multiple of the voxel size), the
interpolation effects are maximal. This effect can also be
observed in our results: all large deviations in SUVmax,
MTV, and TLG were associated with shifts clearly devi-
ating from multiples of the voxel size while in most
tive changes for CT5 and CT1 using the RF and RS coregistration
rcles.



Table 4 Relative differences in MTV for different
segmentation algorithms (AT, T40, T50, T60) after
coregistration

AT T40 T50 T60

CT1 (RF)

Mean −0.5 0.1 0.2 0.5

Median 0.7 0.2 0.3 0.7

IQR −3.0 to 2.7 −1.2 to 1.8 −1.8 to 2.7 −2.6 to 4.0

Range −12.7 to 9.2 −4.7 to 4.7 −5.8 to 4.3 −7.9 to 8.1

CT5 (RF)

Mean 13.6 16.9 15.1 13.2

Median 10.5 12.9 11.7 9.4

IQR 7.4 to 16.7 9.1 to 21.2 7.8 to 17.2 4.8 to 15.4

Range −11.7 to 48.0 −1.9 to 51.6 −7.1 to 73.1 −10.0 to 64.5

CT1 (RS)

Mean −1.0 −0.9 −0.8 −1.1

Median −1.3 −1.0 −1.0 −1.3

IQR −3.6 to 0.9 −2.8 to 1.2 −2.5 to 1.4 −4.0 to 1.2

Range −16.1 to 14.1 −5.5 to 4.1 −5.6 to 5.3 −8.0 to 6.9

CT5 (RS)

Mean 12.5 14.7 13.6 13.0

Median 10.6 12.6 13.1 9.9

IQR 5.4 to 17.7 8.1 to 23.4 7.4 to 18.6 3.4 to 17.8

Range −17.0 to 42.7 −9.5 to 44.0 −13.2 to 57.4 −5.8 to 66.8

RF, rigid fast; RS, rigid slow; CT1, 1-mm-slice thickness; CT5, 5-mm-slice
thickness.

Figure 3 Bland-Altman plots of relative changes in MTV for different
segmentation algorithms after coregistration to CT1 and CT5 using the RF
are calculated as coregistered data - original data. Solid and dashed lines re
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other cases, the shifts were close to a multiple of the
voxel size. In general, the transformation parameters, ne-
cessary for an optimal coregistration, are not predictable
and, thus, also the magnitude of the interpolation effects
is not predictable.
Finally, the immediate neighborhood of the maximum

voxel determines the magnitude of the potential inter-
polation effect. For a large homogeneous lesion, the dif-
ference of maximum voxel and neighboring voxel is just
noise and the interpolation effects essentially lead to
noise reduction (assuming trilinear interpolation). This
is different for small or heterogeneous lesions. For small
lesions (compared to the spatial resolution), the neigh-
borhood of the maximum voxel is usually lowered by
partial volume effects, and therefore, interpolation ef-
fects are increased. It should be noted that for very small
lesions, the maximum voxel itself is compromised by
limited signal recovery already in the original image and
should be interpreted with care even without interpola-
tion effects.
However, also larger but heterogeneous lesions can

have substantial interpolation effects as can be seen in
Figure 5, where two lesions with approximately the same
volume but different heterogeneity are shown. For the
heterogeneous lesion (Figure 5A), the SUVmax is de-
creased by 18%, MTV is increased by 39%, and TLG by
20% (all for CT5 and RF) which might be a notable
impact, for example, on the repeated measurement in
follow-up studies due to error propagation or in the field
of PET-based planning of radiotherapy [30,31] where
an accurate MTV definition is important. On the other
hand, for the rather homogeneous lesion shown in
Figure 5B, the deviation of SUVmax and MTV is
segmentation algorithms. Relative MTV changes for different
and RS coregistration algorithm in 28 lesions in 20 patients. Differences
present mean ± 2SD.



Figure 4 Coronal visualization of a pulmonary PET positive lesion coregistered to CT1 and CT5. The anatomical localization is indicated by
the red square. The detailed view of this region shows the respective delineation (yellow line) of the voxels included in the MTV-calculation of
the original scan (OR) and after transformation (RF, RS).
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approximately 8% (TLG even lower) which is accep-
table in most cases.
MTV was determined with an adaptive threshold

method, which is routinely used at our site. Additionally,
the lesions were delineated applying three different fixed
thresholds. For all delineation methods, the deviation of
MTV was comparable, where the adaptive threshold
method resulted in slightly lower deviations for CT5 and
the fixed threshold method showed slightly lower devia-
tions for CT1 (see Figure 3). It should be noted that the
present study assessed only the deviation of MTV after
coregistration but not the delineation accuracy.
A recent study analyzed the effect of rigid and non-

rigid coregistration methods on SUVmax and MTV in
association with different breathing maneuvers in pa-
tients with lung cancer [4]. Whereas MTV was signifi-
cantly influenced by the choice of registration method
depending on breathing protocol, no significant impact
on SUVmax was observed. As the present study analyses
the difference between coregistered and original data, a
comparison of both studies is difficult. However, the re-
ported range of mean relative SUVmax changes (−18%
to 20%) and MTV changes (−43% to 61%) corresponds
Figure 5 Coronal visualization of two pulmonary PET positive lesions
different heterogeneity. The first lesion (A) has a central necrosis, leading to
after coregistration. For the second, rather homogeneous lesion (B), the dif
to the current study. A further study investigated the
effect of rigid and non-rigid image registration on test-
retest (TRT) variability of SUV and MTV in patients
with colorectal carcinoma [3]. Significant differences in
TRT compared to the reference were only observed for
the MTV after rigid registration but neither for MTV
after non-rigid registration nor for SUVmax. As this
study is based on two different scans for each patient,
the design differs substantially from the current ap-
proach. However, median TRT variability was about 10%
for SUVmax and 15% for MTV in the reference group
with corresponding maximums of about 25% for SUV-
max and 50% for MTV which is in the range of the
present study.
A limitation of our study is that only threshold-based

delineation methods were used for MTV determination.
It cannot be excluded that the observed deviations of
MTV are partly caused by using only such methods.
Other delineation algorithms which are not based on
thresholding [21-23] might be less sensitive to inter-
polation effects. However, since these algorithms are not
available at our institution, the observed effects repre-
sent our clinical routine.
. The lung lesion exhibiting approximately the same MTV but have
relatively high differences (SUVmax, 17.9%; MTV, 39.2%; TLG, 19.6%)

ferences are substantially lower (SUVmax, 7.4%; MTV, 7.6%; TLG, 1.4%).
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Conclusions
The interpolation due to rigid coregistration of PET and
CT data still allows a quantitative evaluation of PET data
with a reasonable accuracy in most cases. However, in
some cases, it can result in substantial deviations of
MTV and SUVmax. The magnitude of the deviation de-
pends on several factors and is in general not predictable.
Therefore, it is recommended to perform quantitative
evaluation in the original PET data rather than in coregis-
tered PET data.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
IS and JR participated in the design of the study and in the analysis and
interpretation of data and drafted the manuscript. FH, JMMR, CF, and HA
participated in the analysis and interpretation of data and supervised the
manuscript. All authors read and approved the final manuscript.

Acknowledgements
The authors gratefully acknowledge the EJNMMI research peer reviewers for
their valid and well reasoned comments that helped us to improve the
manuscript.

Author details
1Klinik für Radiologie und Nuklearmedizin, Universitätsklinikum Magdeburg
A.ö.R, Leipziger Strasse 44, Magdeburg 39120, Germany. 2Klinik für
Nuklearmedizin, Charité Centrum 6 für diagnostische und interventionelle
Radiologie und Nuklearmedizin, Campus Virchow-Klinikum, Charité -
Universitätsmedizin Berlin, Berlin 13353, Germany. 3Institute of
Radiopharmaceutical Cancer Research, Helmholtz-Center
Dresden-Rossendorf, Dresden 01328, Germany. 4Klinik für Nuklearmedizin,
Universitätsklinikum Freiburg, Freiburg 79106, Germany.

Received: 22 August 2013 Accepted: 7 December 2013
Published: 27 December 2013

References
1. Ruf J, Lopez-Hänninen E, Böhmig M, Koch I, Denecke T, Plotkin M,

Langrehr J, Wiedenmann B, Felix R, Amthauer H: Impact of FDG-PET/MRI
image fusion on the detection of pancreatic cancer. Pancreatology 2006,
6:512–519.

2. Slomka PJ, Baum RP: Multimodality image registration with software:
state-of-the-art. Eur J Nucl Med Mol Imaging 2009, 36(Suppl 1):44–55.

3. van Velden FH, van Beers P, Nuyts J, Velasquez LM, Hayes W, Lammertsma AA,
Boellaard R, Loeckx D: Effects of rigid and non-rigid image registration on
test-retest variability of quantitative [18 F]FDG PET/CT studies. EJNMMI Res
2012, 2:10.

4. Grgic A, Ballek E, Fleckenstein J, Moca N, Kremp S, Schaefer A, Kuhnigk JM,
Rübe C, Kirsch CM, Hellwig D: Impact of rigid and nonrigid registration
on the determination of 18 F-FDG PET-based tumour volume and
standardized uptake value in patients with lung cancer. Eur J Nucl Med
Mol Imaging 2011, 38:856–864.

5. Erdi YE, Nehmeh SA, Pan T, Pevsner A, Rosenzweig KE, Mageras G, Yorke ED,
Schoder H, Hsiao W, Squire OD, Vernon P, Ashman JB, Mostafavi H,
Larson SM, Humm JL: The CT motion quantitation of lung lesions and its
impact on PET-measured SUVs. J Nucl Med 2004, 45:1287–1292.

6. Yamaguchi T, Ueda O, Hara H, Sakai H, Kida T, Suzuki K, Adachi S, Ishii K:
Usefulness of a breath-holding acquisition method in PET/CT for
pulmonary lesions. Ann Nucl Med 2009, 23:65–71.

7. Nehmeh SA, Erdi YE: Respiratory motion in positron emission
tomography/computed tomography: a review. Semin Nucl Med 2008,
38:167–176.

8. Vogel WV, van Dalen JA, Wiering B, Huisman H, Corstens FH, Ruers TJ,
Oyen WJ: Evaluation of image registration in PET/CT of the liver and
recommendations for optimized imaging. J Nucl Med 2007, 48:910–919.
9. Townsend DW: Multimodality imaging of structure and function.
Phys Med Biol 2008, 53:R1–R39.

10. Wahl RL, Jacene H, Kasamon Y, Lodge MA: From RECIST to PERCIST:
evolving considerations for PET response criteria in solid tumors. J Nucl
Med 2009, 50(Suppl 1):122–150.

11. Feng M, Kong FM, Gross M, Fernando S, Hayman JA, Ten Haken RK: Using
fluorodeoxyglucose positron emission tomography to assess tumor
volume during radiotherapy for non-small-cell lung cancer and its
potential impact on adaptive dose escalation and normal tissue sparing.
Int J Radiat Oncol Biol Phys 2009, 73:1228–1234.

12. Petit SF, Aerts HJ, van Loon JG, Offermann C, Houben R, Winkens B,
Ollers MC, Lambin P, De Ruysscher D, Dekker AL: Metabolic control
probability in tumour subvolumes or how to guide tumour dose
redistribution in non-small cell lung cancer (NSCLC): an exploratory
clinical study. Radiother Oncol 2009, 91:393–398.

13. Steffen IG, Wust P, Rühl R, Grieser C, Schnapauff D, Lüdemann L, Grabik W,
Ricke J, Amthauer H, Hamm B, Hänninen EL, Denecke T: Value of combined
PET/CT for radiation planning in CT-guided percutaneous interstitial
high-dose-rate single-fraction brachytherapy for colorectal liver
metastases. Int J Radiat Oncol Biol Phys 2010, 77:1178–1185.

14. Hofheinz F, Pötzsch C, Oehme L, Beuthien-Baumann B, Steinbach J, Kotzerke J,
van den Hoff J: Automatic volume delineation in oncological PET. Evaluation
of a dedicated software tool and comparison with manual delineation in
clinical data sets. Nuklearmedizin 2012, 51:9–16.

15. Bland JM, Altman DG: Statistical methods for assessing agreement between
two methods of clinical measurement. Lancet 1986, 327:307–310.

16. Larson SM, Erdi Y, Akhurst T, Mazumdar M, Macapinlac HA, Finn RD,
Casilla C, Fazzari M, Srivastava N, Yeung HW, Humm JL, Guillem J, Downey R,
Karpeh M, Cohen AE, Ginsberg R: Tumor treatment response based on visual
and quantitative changes in global tumor glycolysis using PET-FDG
imaging: the visual response score and the change in total lesion glycolysis.
Clin Positron Imaging 1999, 2:159–171.

17. Biehl KJ, Kong FM, Dehdashti F, Jin JY, Mutic S, El Naga I, Siegel BA,
Bradley JD: 18 F-FDG PET definition of gross tumor volume for
radiotherapy of non-small cell lung cancer: is a single standardized
uptake value threshold approach appropriate? J Nucl Med 2006,
47:1808–1812.

18. Erdi YE, Mawlawi O, Larson SM, Imbriaco M, Yeung H, Finn R,
Humm JL: Segmentation of lung lesion volume by adaptive
positron emission tomography image thresholding. Cancer 1997,
80(Suppl 12):2505–2509.

19. Daisne J, Sibomana M, Bol A, Doumont T, Lonneux M, Gregoire V:
Tri-dimensional automatic segmentation of PET volumes based on
source-to-background ratios: influence of reconstruction algorithms.
Radiother Oncol 2003, 69:247–250.

20. Drever L, Robinson DM, McEwan A, Roa W: A local contrast based
approach to threshold segmentation for PET target volume delineation.
Med Phys 2006, 33:1583–1594.

21. Hatt M, Lamare F, Boussion N, Turzo A, Collet C, Salzenstein F, Roux C,
Jarritt P, Carson K, Cheze-Le Rest C, Visvikis D: Fuzzy hidden Markov chains
segmentation for volume determination and quantitation in PET.
Phys Med Biol 2007, 52:3467–3491.

22. Belhassen S, Zaidi H: A novel fuzzy C-means algorithm for
unsupervised heterogeneous tumor quantification in PET. Med Phys
2010, 37:1309–1324.

23. Aristophanous M, Penney BC, Martel MK, Pelizzar CA: A Gaussian mixture
model for definition of lung tumor volumes in positron emission
tomography. Med Phys 2007, 34:4223–4235.

24. Clausen MM, Hansen AE, Af Rosenschold PM, Kjær A, Kristensen AT,
McEvoy FJ, Engelholm SA: Dose escalation to high-risk sub-volumes
based on non-invasive imaging of hypoxia and glycolytic activity in
canine solid tumors: a feasibility study. Radiat Oncol 2013, 8:262.

25. Maffione AM, Ferretti A, Grassetto G, Bellan E, Capirci C, Chondrogiannis S,
Gava M, Marzola MC, Rampin L, Bondesan C, Colletti PM, Rubello D: Fifteen
different 18 F-FDG PET/CT qualitative and quantitative parameters
investigated as pathological response predictors of locally advanced
rectal cancer treated by neoadjuvant chemoradiation therapy. Eur J Nucl
Med Mol Imaging 2013, 40:853–864.

26. Hatt M, Cheze Le Rest C, Albarghach N, Pradier O, Visvikis D: PET functional
volume delineation: a robustness and repeatability study. Eur J Nucl Med
Mol Imaging 2011, 38:663–672.



Steffen et al. EJNMMI Research 2013, 3:85 Page 9 of 9
http://www.ejnmmires.com/content/3/1/85
27. Soret M, Bacharach SL, Buvat I: Partial-volume effect in PET tumor
imaging. J Nucl Med 2007, 48:932–945.

28. Knäusl B, Hirtl A, Dobrozemsky G, Bergmann H, Kletter K, Dudczak R,
Georg D: PET based volume segmentation with emphasis on the
iterative TrueX algorithm. Z Med Phys 2012, 22:29–39.

29. Adams MC, Turkington TG, Wilson JM, Wong TZ: A systematic review
of the factors affecting accuracy of SUV measurements. AJR 2010,
195:310–312.

30. Grosu AL, Piert M, Weber WA, Jeremic B, Picchio M, Schratzenstaller U,
Zimmermann FB, Schwaiger M, Molls M: Positron emission tomography
for radiation treatment planning. Strahlenther Onkol 2005, 181:483–499.

31. Schaefer A, Kremp S, Hellwig D, Rube C, Kirsch CM, Nestle U: A contrast-
oriented algorithm for FDG-PET-based delineation of tumour volumes
for the radiotherapy of lung cancer: derivation from phantom
measurements and validation in patient data. Eur J Nucl Med Mol Imaging
2008, 35:1989–1999.

doi:10.1186/2191-219X-3-85
Cite this article as: Steffen et al.: Influence of rigid coregistration of PET
and CT data on metabolic volumetry: a user’s perspective. EJNMMI
Research 2013 3:85.
Submit your manuscript to a 
journal and benefi t from:

7 Convenient online submission

7 Rigorous peer review

7 Immediate publication on acceptance

7 Open access: articles freely available online

7 High visibility within the fi eld

7 Retaining the copyright to your article

    Submit your next manuscript at 7 springeropen.com


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients
	PET/CT data acquisition
	Image registration
	Metabolic volumetry
	Statistical methods

	Results and discussion
	Results
	Original PET data
	SUVmax differences between OR and coregistered PET data
	MTV differences between OR and coregistered PET data
	TLG differences between OR and coregistered PET data
	Association of MTV and segmentation methods

	Discussion

	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

