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Purpose: To study the feasibility and impact of respiratory gating in 
positron emission tomographic (PET) imaging in a clinical 
trial comparing conventional hardware-based gating with 
a data-driven approach and to describe the distribution of 
determined parameters.

Materials and 
Methods:

This prospective study was approved by the ethics commit-
tee of the University Hospital of Münster (AZ 2014–217-f-
N). Seventy-four patients suspected of having abdominal 
or thoracic fluorine 18 fluorodeoxyglucose (FDG)-positive 
lesions underwent clinical whole-body FDG PET/com-
puted tomographic (CT) examinations. Respiratory gating 
was performed by using a pressure-sensitive belt system 
(belt gating [BG]) and an automatic data-driven approach 
(data-driven gating [DDG]). PET images were analyzed 
for lesion uptake, metabolic volumes, respiratory shifts of 
lesions, and diagnostic image quality.

Results: Forty-eight patients had at least one lesion in the field of 
view, resulting in a total of 164 lesions analyzed (range 
of number of lesions per patient, one to 13). Both gating 
methods revealed respiratory shifts of lesions (4.4 mm 6 
3.1 for BG vs 4.8 mm 6 3.6 for DDG, P = .76). Increase in 
uptake of the lesions compared with nongated values did 
not differ significantly between both methods (maximum 
standardized uptake value [SUVmax], +7% 6 13 for BG vs 
+8% 6 16 for DDG, P = .76). Similarly, gating significantly 
decreased metabolic lesion volumes with both methods 
(26% 6 26 for BG vs 27% 6 21 for DDG, P = .44) 
compared with nongated reconstructions. Blinded read-
ing revealed significant improvements in diagnostic image 
quality when using gating, without significant differences 
between the methods (DDG was judged to be inferior to 
BG in 22 cases, equal in 12 cases, and superior in 15 
cases; P = .32).

Conclusion: Respiratory gating increases diagnostic image quality and 
uptake values and decreases metabolic volumes compared 
with nongated acquisitions. Data-driven approaches are 
clinically applicable alternatives to belt-based methods 
and might help establishing routine respiratory gating in 
clinical PET/CT.
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Patients who were referred for a 
whole-body fluorine 18 fluorodeoxyglu-
cose (FDG) PET/computed tomographic 
(CT) examination were included in this 
prospective study if at least one PET-
positive lesion in the thorax or upper 
abdomen was suspected on the basis of 
prior CT or PET/CT studies. PET data 
from 74 patients (30 female, 44 male; 
age: 55.4 years 6 15.1, body mass: 78.2 
kg 6 16.7) were included. Clinical indi-
cations for PET/CT examinations were 
bronchial carcinomas in 19 patients 
(25.7%), metastases in the lung or me-
diastinum in 17 patients (23.0%), lym-
phomas in 24 patients (32.4%), other 
solid tumors in the thorax (esophagus, 
thymus, heart) in seven patients (9.5%), 
and other solid tumors in the upper ab-
domen (liver, gallbladder, pancreas, ad-
renal glands) in seven patients (9.5%).

Patients fasted overnight before the 
examination. An intravenous dose of 4 
MBq FDG per kilogram of body weight 
was injected 60 minutes before the PET 
scan (Biograph mCT; Siemens Health-
care [15]).

Data Acquisition
For PET/CT data acquisitions, patients 
were placed in the supine position with 

Tokyo, Japan), where a pressure sensor 
installed in a belt and fixed around the 
patient’s belly measures respiration-in-
duced pressure changes (8). Neverthe-
less, despite its wide availability, gating 
has not become a standard procedure in 
clinical PET, because it is often consid-
ered complicated and time consuming.

Recently, several gating methods 
that are driven by the measured PET 
raw data have been developed (9–13). 
These approaches result in respiratory 
signals that are potentially as accurate 
as those from conventional hardware-
based gating methods while not re-
quiring any additional installation time 
or effort. Data-driven methods assess 
organ motion rather than body surface 
motion (as in external measurements) 
and might therefore lead to different 
gating results (14). However, to our 
knowledge, the clinical value of hard-
ware-driven versus data-driven gating 
[DDG] methods has not yet been sys-
tematically studied.

We studied the feasibility and 
impact of respiratory gating on PET 
imaging in a clinical trial in which 
we compared conventional hardware-
based gating with a data-driven ap-
proach and described the distribution 
of determined parameters.

Materials and Methods

Software to extract the belt signal from 
the acquired data were provided by 
Siemens Healthcare (Erlangen, Ger-
many). All authors had control of the 
data and of the information submitted 
for publication.

Patient Data and Preparation
The study protocol was approved by the 
ethics committee of the University Hos-
pital of Münster. Patients were enrolled 
consecutively from March to August 
2014.
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Advance in Knowledge

nn Data-driven gating and conven-
tional hardware-based gating 
seem to perform similarly on av-
erage in terms of increased 
lesion uptake, motion resolution, 
and diagnostic quality and 
decreased metabolic volumes 
(range of P values, .17–.76); 
however, as the observed effect 
sizes were small, the power of 
this study was found to be too 
small to potentially reveal signifi-
cant differences.

Implication for Patient Care

nn Automatic data-driven respira-
tory gating in PET removes the 
necessity of installing additional 
hardware in conventional hard-
ware-based gating.

A lthough sensitivities of positron 
emission tomography (PET) 
systems have continuously im-

proved in the past few years, it is still 
necessary to scan a single bed position 
for a few minutes to acquire sufficient 
PET coincidence data. Therefore, respi-
ratory motion of organs is highly rele-
vant in clinical PET scanning, as it leads 
to blurring in PET images, a loss in ef-
fective resolution, and inaccuracies in 
the quantification of tracer uptake (1,2). 
This is especially the case for lesions lo-
cated in organs close to the diaphragm, 
as the magnitude of respiratory shifts is 
largest there; however, even the apex 
of the lungs or the lower abdomen is 
known to be involved in respiratory mo-
tion. Correcting for respiratory motion 
is a challenge because it locally differs in 
terms of amplitude and frequency and 
between individual patients.

The most widely investigated con-
cept to overcome motion-induced im-
age degradation is gating of PET data 
(3,4). Here, the measured PET data are 
sorted according to a respiratory signal 
into image subsets (respiratory phases) 
containing virtually no respiratory mo-
tion. Several hardware-based systems 
to record respiratory signals have been 
described in the literature (3–6). Clin-
ically, two systems are established: the 
real-time position management system 
(Varian Medical Systems, Palo Alto, Ca-
lif), which relies on an infrared camera 
monitoring the anteroposterior motion 
of a marker placed on the patient’s 
abdomen (7), and the respiratory gat-
ing system AZ-733 V (Anzai Medical, 
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(SUVmean), and lesion volume (based 
on a 40% SUVmax threshold) were de-
termined by using Siemens SyngoVia.  
SUVmax values were also determined 
from the non–attenuation-corrected 
(NAC) images. Finally, the overall diag-
nostic quality of the nongated and the 
HD-Chest–gated PET image data sets 
were assessed by four readers: two nu-
clear medicine physicians with 6 (A.V.) 
and 20 (M.S.) years of experience in 
PET image diagnosis and two medical 
physicists with 10 years of experience 
in motion-related PET image artifacts 
(K.P.S., F.B.). For this purpose, coronal 
sections of gated and nongated image 
data sets through each lesion were pre-
pared by author T.V. Each reader was 
independently asked to rank the relative 
quality of the four randomly combined 
images (NG100, NG35, BG, and DDG, 
with the readers being blinded to the 
methods) in terms of lesion delineation 
and motion blurring for each lesion 
from worst to best (allowing equal qual-
ity). This allowed us to extract relative 
scores for every pairwise comparison 
of methods for every lesion and reader 
(eg,21 if BG was inferior to DDG, 0 if 
BG and DDG performed equally, +1 if 
BG was superior). For cases with mul-
tiple lesions, the mean relative quality 
score per reader and comparison was 
determined and set to 21 for negative 
values, +1 for positive values, and 0 
otherwise. Similarly, the mean relative 
score per scan and comparison was de-
termined by averaging all four readers’ 
ratings.

Apparent outliers in quantitative 
parameters, indicating problems with 
a gating method, were further assessed 
for irregularities in gating signals  
by F.B.

Statistical analysis was performed 
by using all lesions found, and, sepa-
rately, by using one fixed reference 
lesion per scan. The latter was deter-
mined by computing a random number 
from a discrete uniform distribution 
over the interval 1,…,n (n: number 
of lesions per scan) with MATLAB 
(version 2013b; MathWorks, Natick, 
Mass) and then choosing the lesion 
with the respective number from the 
list of identified lesions for that scan. 

emission events to differentiate be-
tween statistic- and gating-derived dif-
ferences (NG35).

In the case of BG and DDG, three 
amplitude-based gates were computed: 
(a) the “optimal gate” (17,18), rep-
resenting 35% of the data recorded 
during the least motion-contaminated 
respiratory phase (HD-Chest option 
of the scanner); (b) the maximum ex-
piratory gate, representing 35% of data 
with the lowest signal amplitude; and 
(c) the maximum inspiratory gate, rep-
resenting 35% of data with the highest 
signal amplitude.

In the case of two adjacent bed posi-
tions, the latter two required that both 
DDG signals have the same orientation 
in terms of expiration and inspiration. 
This was solved in a similar manner 
as described earlier (19) and relies on 
the Kesner gating method, where every 
sinogram cluster is assigned a weight-
ing factor (21, 0, or +1). Owing to the 
overlap of adjacent bed positions, it is 
possible to compare these weighting 
factors for segment 0 sinogram clusters 
for identical real world z coordinates. A 
positive correlation coefficient demon-
strates that both signals have the same 
orientation, while a negative one means 
that one signal has to be multiplied by 
21 to result in the same orientation.

An iterative three-dimensional 
time-of-flight ordered subsets expecta-
tion maximization algorithm with two 
iterations and 21 subsets, scatter cor-
rection, and a 2-mm postreconstruction 
Gaussian filter was used to reconstruct 
the different data sets, resulting in im-
ages of 200 3 200 3 174 (two bed po-
sitions) or 200 3 200 3 112 (one bed 
position) voxels of 4 3 4 3 2 mm.

Data Analysis
Images were first analyzed for FDG-
positive lesions by a nuclear medicine 
physician (T.V., with 5 years of experi-
ence in PET image diagnosis). Apparent 
respiratory shifts between maximum 
expiration and maximum inspiration 
for these lesions were measured as de-
scribed previously (13,16) (see Appen-
dix E2 [online] for further information). 
Additionally, maximum standardized up-
take value (SUV) (SUVmax), mean SUV 

arms above the head. The respiratory 
gating system AZ-733 V was used to 
measure respiratory signals during the 
examination (belt gating [BG]). Appli-
cation of the belt was performed by a 
trained physician.

Whole-body CT data (tube volt-
age, 100 kV; effective current, 20–30 
mAs; estimated dose, 1–2 mGy; pitch, 
1.25; section thickness, 3.0 mm; rota-
tion time, 0.5 second; scan time, 10–20 
seconds) were acquired in end expira-
tion and were used for PET attenua-
tion correction. Whole-body PET data 
were then acquired with four to six bed 
positions with 2 minutes each, unless 
the positions contained the suspected 
lesions. These were scanned for 6 mi-
nutes each, reconstructed separately 
without and with gating, and further 
analyzed. To retain any temporal infor-
mation used during gating, PET data 
were acquired in list mode rather than 
in standard sinogram mode to enable 
retrospective respiratory gating, thus 
saving every single measured coinci-
dence event in a time-ordered file in-
stead of a histogram.

Respiratory Gating and Data 
Reconstruction
An automatic DDG approach based 
on the geometric sensitivity method 
(10,11), the Kesner algorithm (12), 
and the segmented center-of-mass 
approach (13) were used for further 
gating. The decision as to which algo-
rithm’s signal was used for DDG was 
based on the calculation of the respi-
ratory weight H (as defined in [16]) of 
the sensitivity and the center-of-mass 
signals, respectively. If the maximum 
H value was larger than 2.5, the cor-
responding signal was considered to 
be accurate enough and the respec-
tive method was subsequently used; 
otherwise, the signal from the Kesner 
method was used. Further information 
is given in Appendix E1 (online). Ap-
proximate calculation times of the DDG 
signals were additionally assessed.

In addition to standard nongated 
reconstruction using 100% of the mea-
sured data (NG100), we created non-
gated list-mode data sets that contained 
a randomly chosen 35% of the original 
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6 4.7 for DDG. Lesion volumes were 
18.8 mL 6 52.8 for NG100 and 17.2 
mL 6 48.4 for NG35 (Fig 1) and de-
creased to 15.5 mL 6 44.1 for BG and 
16.0 mL 6 45.3 for DDG, correspond-
ing to a mean decrease against NG35 of 
7% 6 25 for BG and 5% 6 21 for DDG. 
SUVmax values in the NAC images were 
2446 kBq/mL 6 1732 for NG100, 2537 
kBq/mL 6 1770 for NG35, 2684 kBq/
mL 6 1795 for BG, and 2691 kBq/mL 

was 4.6 mm 6 3.2 for BG versus 4.9 
mm 6 3.6 for DDG. SUVmax was 9.7 
6 7.2 for NG100 and 10.3 6 7.6 for 
NG35 (Fig 1). Gating significantly in-
creased SUVmax, with 10.7 6 7.6 for BG 
and 10.7 6 7.8 for DDG, correspond-
ing to a mean increase against NG35 
of +7% 6 16 for BG and +6% 6 15 for 
DDG. SUVmean was 5.9 6 4.4 for NG100 
and 6.0 6 4.6 for NG35 (Fig 1) and 
increased to 6.3 6 4.6 for BG and 6.3 

Furthermore, we analyzed respiratory 
shifts for the lesions closest to the dia-
phragm (if present), as respiratory mo-
tion is assumed to be greatest in this 
region. Testing for significant differ-
ences in values was done by perform-
ing paired two-tailed Wilcoxon signed-
rank tests (for respiratory shifts, SUV, 
and volumes) and sign tests (for visual 
quality) by using the statistical toolbox 
in MATLAB. A Holm-Bonferroni cor-
rection for pairwise comparisons was 
applied to compensate for the growth 
of the family-wise error rate when per-
forming multiple tests (20). The fami-
ly-wise error rate was set to .05, and 
the Holm-Bonferroni correction was 
performed for 31 comparisons in both 
the reference lesion group and the total 
lesion group.

Prior to the study, no data on ex-
pected effect sizes and distributions 
with regard to the patient cohort of this 
study and to the specific gating method 
were available; therefore, no a priori 
sample size calculation was performed. 
Instead, a post-hoc power calculation 
based on the determined effect sizes 
(Cohen d) and distributions in the ref-
erence lesion group was performed by 
using the free tool G*Power (21).

Results

Of the overall 74 PET/CT studies, 43 
were acquired in a single bed position 
and 31 were acquired in two bed posi-
tions for gating. For DDG analysis, a 
sensitivity-based signal was used for 24 
list-mode scans, the signal based on the 
Kesner method was used for 32 scans, 
and the signal based on the segmented 
center-of-mass approach was used in 
49 scans. Computation of the final DDG 
signal took less than 5 minutes per list-
mode scan.

PET-positive lesions were found in 
48 of the 74 patients in a total of 64 list-
mode scans. In total, 164 lesions were 
identified. Table 1 summarizes these 
lesions.

Quantitative comparison of respi-
ratory shifts, uptake values, and lesion 
volumes for these 164 lesions are shown 
in Table 2. The mean respiratory shift 
as measured in the NAC gated images 

Table 1

Characteristics of All 164 Lesions Analyzed in This Study

Location No. of Lesions/No. of Patients
Metabolic  
Volume (mL) SUV

max

Respiratory  
Shift (mm)

Upper lungs 19/11 8.1 6 24.3 10.8 6 9.3 3.8 6 2.4
Upper mediastinum 49/25 5.5 6 7.8 8.0 6 5.1 3.6 6 1.7
Lower mediastinum 21/15 26.7 6 55.3 11.1 6 6.7 4.5 6 1.8
Lower lungs 31/13 14.0 6 45.2 10.1 6 7.9 8.4 6 4.8
Abdomen 

(infradiaphragmatic)
39/15 42.5 6 86.1 11.0 6 8.0 6.1 6 3.7

Other locations 5/4 (One in breast, one in  
  sternum, three in ribs)

2.7 6 1.6 4.4 6 1.4 2.0 6 1.4

Total 164/48 18.8 6 52.8 9.7 6 7.1 5.2 6 3.6

Note.—Unless otherwise specified, data are means 6 standard deviations. Volumes and SUVmax were determined from the 
NG100 images, and respiratory shift of a single lesion was defined as the maximum shift value determined from either the BG 
or the DDG images.

Table 2

Values for Respiratory Shifts, Uptake, and Lesion Volumes in the NG100, NG35, BG, 
and DDG Images of All 164 Lesions

Parameter NG100 NG35 BG DDG

Mean respiratory shift (mm) 4.6 6 3.2 4.9 6 3.6
  P value vs BG35 .15
Mean NAC SUVmax 2446 6 1732 2537 6 1770 2684 6 1795 2691 6 1855
  P value vs NG100 ,.0001 ,.0001 ,.0001
  P value vs NG35 ,.0001 ,.0001
  P value vs BG35 .28
Mean SUVmax 9.7 6 7.2 10.3 6 7.6 10.7 6 7.6 10.7 6 7.8
  P value vs NG100 ,.0001 ,.0001 ,.0001
  P value vs NG35 ,.0001 ,.0001
  P value vs BG35 .22
Mean SUVmean 5.9 6 4.4 6.0 6 4.6 6.3 6 4.6 6.3 6 4.7
  P value vs NG100 ,.0001 ,.0001 ,.0001
  P value vs NG35 ,.0001 ,.0001
  P value vs BG35 .15
Mean volume (mL) 18.8 6 52.8 17.2 6 48.4 15.5 6 44.1 16.0 6 45.3
  P value vs NG100 ,.0001 ,.0001 ,.0001
  P value vs NG35 ,.0001 ,.0001
  P value vs BG35    .12
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in eight, six, and 34 cases, respectively 
(P , .0001); BG was judged to be in-
ferior, equal, or superior to NG35 in 
four, seven, and 37 cases, respectively 
(P , .0001); and DDG was judged to 
be inferior, equal, or superior to NG35 
in four, seven, and 37 cases, respec-
tively (P = .0003). Images judged supe-
rior demonstrated less motion-related 
blurring, better lesion delineation, and 
higher apparent tracer uptake of lesions  
(Figs 5, 6).

Although on average both gat-
ing methods showed a similar per-
formance, there were a few striking 
cases where DDG outperformed BG. 
Deeper analysis demonstrated that a 

demonstrated no significant differences 
in diagnostic image quality between 
NG100 and NG35 (NG35 was judged 
inferior to NG100 in 17 cases, equal in 
18, and superior in 13; P = .72). Fur-
thermore, no significant difference was 
seen when we compared BG and DDG 
(DDG was judged inferior to BG in 22 
cases, equal in 12, and superior in 15; 
P = .32). All other comparisons (ie, 
each gated image compared with each 
nongated image) demonstrated signifi-
cant differences: BG was judged to be 
inferior, equal, or superior to NG100 
in four, six, and 38 cases, respectively 
(P , 0.0001); DDG was judged to be 
inferior, equal, or superior to NG100 

6 1855 for DDG. For all these param-
eters, only the differences between BG 
and DDG were found to be statistically 
nonsignificant; all other comparisons 
demonstrated significant differences, 
with P , .0001.

Alternatively, when we restricted 
the analysis to the 48 reference le-
sions, respiratory shifts (correlation: 
r2 = 0.60; Fig 2), uptake values (mean 
SUVmax increase against NG35, +7% 6 
13 for BG, +8% 6 16 for DDG), and 
tumor volumes (mean decrease against 
NG35, 6% 6 26 for BG, 7% 6 21 for 
DDG) changed little on average (Fig 3), 
and there was again no significant dif-
ference in parameters between BG and 
DDG, while all other comparisons of 
determined parameters demonstrated 
statistically significant differences, with 
P , .01 (Table 3).

Analyzing only the lesions closest 
to the diaphragm in 34 scans revealed 
higher mean shifts; on average, DDG 
values were larger than BG values (5.6 
mm 6 3.5 for BG vs 6.7 mm 6 4.7 for 
DDG, P = .03, r2 = 0.50; Fig 2). No 
significant differences were determined 
for the other parameters.

Visual assessment of the PET im-
ages revealed that no single lesion was 
exclusively visible in the gated data sets. 
Moreover, the data-driven approach did 
not result in additional obvious arti-
facts or spurious lesions. Pairwise com-
parison between nongated and gated 
PET images in coronal views (Fig 4) 

Figure 1

Figure 1:  Scatterplots of SUV
max

, SUV
mean

, and metabolic volumes of all 164 lesions for NG100 and NG35. Green line: linear fit.

Figure 2

Figure 2:  Scatterplots of respiratory shifts of the 48 reference lesions (left) and the 34 lesions closest 
to the diaphragm (right) for BG and DDG. Green line: linear fit.
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lesions with relatively low uptake, 
limited contrast in the emission data, 
and limited overall respiratory motion 
(Fig 6).

Power analysis of the reference 
lesion outcomes demonstrated that 
effect sizes d for all quantitative pa-
rameters in comparisons between 

BG. Manually shifting the original belt 
curve to the data-driven curve restored 
most of the respiratory shift resolution 
and uptake increase compared with 
DDG.

On the other hand, cases where 
DDG was substantially inferior to BG 
were typically characterized by small 

time delay between the recorded belt 
signal and the data-driven signal was 
the most likely explanation, as dem-
onstrated in Figure 5. The maximum 
delay found in those cases amounted 
to approximately 1 second, which was 
sufficient to completely suppress the 
improvement of the gating effort in 

Figure 3

Figure 3:  Scatterplots of SUV
max

, SUV
mean

, and metabolic volumes of the 48 reference lesions for NG35, BG, and DDG, respectively. Green line: linear fit.
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SUVmax, 0.32 for SUVmean, and 0.07 for  
volumes.

Discussion

This study finds a significant improve-
ment in both diagnostic image quality 
and the quantification of clinical PET 
images when respiratory gating is sys-
tematically applied in motion-affected 
regions of the human body.

Respiratory motion of organs—al-
though known for years as a source of 
image degradation, artifacts, and quan-
tification issues during PET scans—is 
typically not dealt with in routine clini-
cal scans (14). This is probably caused 
by several factors. First, correction for 
respiratory motion requires the installa-
tion of hardware (eg, a belt system) for 
every patient, which even for trained 
staff members requires additional time. 
To the same end, respiratory gating 
requires longer scan times because of 
the inherent loss of emission data that 
are discarded for reconstruction. This 
additional effort and time seem rele-
vant given the typically tight scanning 
schedule of a PET scanner, especially 
because the overall benefit of motion 
correction strategies is not yet clinically 
exploited. Additionally, although gating 
leads to better quantification of image-
derived measures such as SUV, it may 
not change diagnoses or staging out-
come in a substantial amount of scans 
because of limited respiratory motion 
or the additional information gained by 
CT in hybrid PET/CT systems. Finally, 
the validity of hardware-based methods 
to derive respiration information can 
be questioned, as usually only surro-
gate motion information (eg, external 
pressure changes or external marker 
motion) instead of internal organ or le-
sion motion information is determined 
(22,23).

Various software-based DDG ap-
proaches have been developed over re-
cent years that may overcome at least 
some of the obstacles of the hardware-
based methods as they might also ac-
curately assess a patient’s respiration, 
and, even better, derive “real” motion 
information because the analysis is 
based on emission data from inside the 

parameters—Laplace distributions for 
the differences in parameters between 
DDG and BG, power values were 
determined as 0.28 for respiratory 
shifts, 0.09 for NAC SUVmax, 0.28 for 

BG and DDG were small (0.16 for 
respiratory shifts, 0.07 for NAC SU-
Vmax, 0.17 for SUVmax, 0.18 for SU-
Vmean, and 0.05 for volumes). As-
suming—as empirically found for all 

Table 3

Values for Respiratory Shifts, Uptake, Lesion Volumes, and Diagnostic Quality 
Volumes in the NG100, NG35, BG, and DDG Images of the 48 Reference Lesions

Parameter NG100 NG35 BG DDG

Mean respiratory shift (mm) 4.4 6 3.1 4.8 6 3.6
  P value vs BG .76
Mean NAC SUVmax 2325 6 1572 2410 6 1643 2569 6 1671 2560 6 1731
  P value vs NG100 .0001 ,.0001 ,.0001
  P value vs NG35 .0001 .006
  P value vs BG .17
Mean SUVmax 9.3 6 6.1 9.7 6 6.4 10.2 6 6.5 10.5 6 6.9
  P value vs NG100 ,.0001 ,.0001 ,.0001
  P value vs NG35 .0008 .0003
  P value vs BG .76
Mean SUVmean 5.5 6 3.7 5.7 6 3.8 6.0 6 3.8 6.1 6 4.1
  P value vs NG100 .0002 ,.0001 ,.0001
  P value vs NG35 .0008 .0003
  P value vs BG 0.72
Mean volume (mL) 17.6 6 40.6 15.8 6 38.9 14.6 6 37.4 14.7 6 37.0
  P value vs NG100 ,.0001 ,.0001 ,.0001
  P value vs NG35 .003 .003
  P value vs BG .44
Diagnostic quality
  P value vs NG100 .72 ,.0001 ,.0001
  P value vs NG35 ,.0001 .0003
  P value vs BG    .32

Figure 4

Figure 4:  Graph shows pairwise comparison of the diagnostic quality of NG100, NG35, BG, and DDG 
images in 48 studies. In a comparison of method 1 versus method 2, green areas correspond to the amount 
of cases where method 1 was judged to be superior to method 2, red areas correspond to cases where 
method 1 was judged to be inferior to method 2, and yellow areas correspond to cases where no difference 
in image quality was seen.
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contrast is low. Taken together, a single 
gating approach will very likely not give 
the best results in terms of motion res-
olution and quantitative accuracy, and a 
future combination of BG and DDG may 
be advantageous.

In addition, we show here that de-
creasing the data statistics used for 
image reconstruction leads to an in-
crease in SUV and a decrease in lesion 
volume. This is caused by an elevation 
in noise levels, making higher image 
values more likely. This explains why 
significant changes in SUV and lesion 
volumes were present when we com-
pared NG100 and NG35, although the 
latter does not involve any motion cor-
rection at all. A part of the increase in 
SUV when using either gating method 
is thus caused by higher noise; never-
theless, the differences between gating 
and NG35 were also significant, demon-
strating the predominant effect of mo-
tion resolution in those images.

In this study, we chose the ampli-
tude-based HD-Chest gating scheme 
as a means to reconstruct motion-free 
images. This was based on previous 
findings that amplitude-based gating is 
superior to phase-based gating in terms 
of motion resolution (4). Additionally, 
this gating scheme was shown to result 
in images with acceptable statistical 
quality in clinical studies (8); however, 
only 35% of the acquired data are used 
for image reconstruction with this gat-
ing approach.

This emphasizes the inherent disad-
vantage of all currently clinically available 
gating algorithms, which is the effective 
loss of measured PET coincidence data 
for image reconstruction, leading to 
higher levels of unwanted image noise. 
It remains to be seen how DDG will 
perform in advanced motion-correction 
schemes integrated in image reconstruc-
tion, thus retaining all measured events 
while still leading to sharp images with-
out motion blur.

Our study had limitations. The 
number of patients included in this 
study was too small to allow us to judge 
whether DDG generally outperforms 
BG (or vice versa), as evidenced by 
the small power values achieved. On 
the basis of the measured effect sizes 

is reflected by the large variance in 
outcomes between BG and DDG (espe-
cially regarding respiratory shifts, with 
a comparably low correlation of r2 = 
0.60).

Interestingly, we found in some 
scans a definite delay between data-
driven and belt-based respiration sig-
nals. Although we cannot exclude the 
possibility that this was caused by the 
technical problems of synchronizing 
the belt signals with the PET list-mode 
stream, this observation is much in line 
with results of previous studies (23–25) 
and may show fundamental problems 
with surrogate measurements for respi-
ratory gating, in some cases caused by 
nonlinear respiratory behavior in some 
patients (respiratory hysteresis). On 
the other hand, DDG may underesti-
mate motion if lesions are small and the 

body. However, DDG by now has been 
applied only in proof-of-concept studies 
in small patient samples; additionally, 
no larger comparisons against conven-
tional gating methods are available.

In the clinical setting of this study, 
we found the predicted improvement 
in diagnostic image quality and quan-
tification through respiratory gating of 
lesions affected by respiratory motion. 
On average, no substantial differences 
in gating efficiency were found between 
DDG and hardware-driven gating; soft-
ware-based gating might thus prove to 
be a substitute for conventional gating 
in future trials that include more pa-
tient scans.

However, we also clearly dem-
onstrate here that hardware-based 
methods may fail to deliver good mo-
tion resolution in some instances. This 

Figure 5

Figure 5:  Coronal section of a lesion without gating (top row) and with gating (middle row). SUV
max

 was deter-
mined as 15.8, 16.8, 15.3, and 24.5 for NG100, NG35, BG, and DDG, respectively. Analysis of the respiratory 
curves reveals a delay in the belt signal to the data-driven signal of approximately 1 second (bottom).
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Figure 6

Figure 6:  Coronal section of a lesion without gating (top row) and with gating (middle row). SUV
max

 was 
determined as 3.3, 2.8, 5.5, and 5.0 for NG100, NG35, BG, and DDG, respectively. Analysis of the respiratory 
curves reveals a comparably poor quality of the data-driven signal (bottom).

in our study, we estimate that at least 
150–200 patients with at least one le-
sion should be scanned in future trials 
to achieve acceptable power values of 
0.8 for SUVmax, SUVmean, and respira-
tory shifts.

In conclusion, respiratory gating in 
clinical FDG PET/CT studies leads to 
improved diagnostic image quality and 
quantification. This effect is indepen-
dent of the gating method—DDG or 
BG—applied. Because DDG can easily 
be added to routine PET scans, it has 
the potential to promote the clinical ap-
plication of respiratory gating.
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Editor
Concerning our recent study in Radi-
ology (1), published online ahead of 
print on June 2, we believe that there 
are a number of issues that need to be 
clarified.

It has come to our attention that we 
inadvertently neglected to state that five 
subjects included in this study (1) were 
also included in a study we previously 
published in the Croatian Medical Jour-
nal (2). The latter study assessed the 
accuracy of magnetic resonance diffu-
sion-weighted imaging in evaluating the 
degree of rectal cancer response after 
therapy (assessment of tumor down-
staging), while the former study eval-
uated the accuracy of different appar-
ent diffusion coefficient measurement 
methods in predicting complete tumor 
response to neoadjuvant treatment.

Also, we would like to clarify that 
the top left and top middle subfigures in 
Figure 2 and the bottom left subfigure 
in Figure 3 published in the article in 
the Croatian Medical Journal (2) have 
been reproduced in the article pub-
lished in the Radiology (1) as the top 
left and bottom left subfigures in Figure 
1 and the top left subfigure in Figure 
2. The study in the Croatian Medical 
Journal was published under a Creative 
Common License that gives authors the 
right to reproduce components of their 
article, including figures.

The article has been updated to cor-
rect these oversights, and an erratum 

has been issued for the earlier ahead of 
print version. The final correct version 
of the article appears in this issue of 
the journal.
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Errata

Originally published in:
Radiology 2011;260(1):282–293
DOI:10.1148/radiol.11101336

Evaluation of Peripheral Arte-
rial Disease with Nonenhanced 
Quiescent-Interval Single-Shot MR 
Angiography

Philip A. Hodnett, Ioannis Koktzo-
glou, Amir H. Davarpanah, Timothy 
G. Scanlon, Jeremy D. Collins, John 
J. Sheehan, Eugene E. Dunkle, Na-
vyash Gupta, James C. Carr, Robert 
R. Edelman

Erratum in:
Radiology 2017;282(2):614
DOI:10.1148/radiol.2016164042

In both the abstract and main text, 
the first sentence of Materials and 
Methods should be replaced as fol-
lows: This two-center study was ap-
proved by the institutional review 
board and was compliant with the 
Health Insurance Portability and Ac-
countability Act. Data were collected 
prospectively at center one and writ-
ten informed consent was obtained; 

at center two, data were collected 
retrospectively from standard of 
care MR angiography.

Originally published in:
Radiology 2016;278(3):822–830
DOI: 10.1148/radiol.2015141922

Myeloperoxidase Nuclear Imaging 
for Epileptogenesis

Yinian Zhang, Daniel P. Seeburg, 
Benjamin Pulli, Gregory R. Wojtkie-
wicz, Lionel Bure, Wendy Atkinson, 
Stefan Schob, Yoshiko Iwamoto, Mu-
hammad Ali, Wei Zhang, Elisenda 
Rodriguez, Andrew Milewski, 
Edmund J. Keliher, Cuihua Wang, 
Yawen Pan, Filip K. Swirski, John 
W. Chen

Erratum in:
Radiology 2017;282(2):614
DOI:10.1148/radiol.2016164044

The legend for Figure 2b should read 
as follows: Photomicrographs (MPO 
staining; original magnification, 33100 
[left] and 33400 [right]) show that 
MPO-positive cells were mainly found 
in the hippocampal and parahippocam-
pal regions. MM = macrophages and 
microglia.

Originally published in:
Radiology 2016;281(1):229–238
DOI: 10.1148/radiol.2016152067

Impact of Data-driven Respiratory 
Gating in Clinical PET

Florian Büther, Thomas Vehren, 
Klaus P. Schäfers, Michael Schäfers

Erratum in:
Radiology 2017;282(2):614
DOI:10.1148/radiol.2016164041

Page 229, Abstract, first line of Mate-
rials and Methods should read as fol-
lows: This retrospective study was ap-
proved by the ethics committee of the 
Ärztekammer Westfalen-Lippe and 
the University of Münster (Az 2014– 
217-fN).

Page 230, Patient Data and Preparation, 
first sentence should read as follows: 
The study protocol was approved by the 
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ethics committee of the Ärztekammer 
Westfalen-Lippe and the University of 
Münster.

Page 230, Patient Data and Prepara-
tion, paragraph 2, the first sentence 
should read as follows: Patients who 
were referred for a whole-body fluo-
rine 18 fluorodeoxyglucose (FDG) PET/
computed tomographic (CT) examina-
tion were included in this retrospective 
study if at least one PET-positive lesion 
in the thorax or upper abdomen was 
suspected on the basis of prior CT or 
PET/CT studies.

Originally published in:
Radiology 2016;281(2):527–535
DOI:10.1148/radiol.2016152244

Blood-Brain Barrier Leakage in Pa-
tients with Early Alzheimer Disease

Harm J. van de Haar, Saartje Burg-
mans, Jacobus F. A. Jansen, Mat-
thias J. P. van Osch, Mark A. van 
Buchem, Majon Muller, Paul A. M. 
Hofman, Frans R. J. Verhey, Walter 
H. Backes

Erratum in:
Radiology 2017;282(2):615
DOI:10.1148/radiol.2016164043

Table 2, under the column Fractional 
Leakage Volume, Control Subjects, the 
value for WM should be as follows: 
0.27  0.14.

Originally published in:
Radiology 2017;282(2):418–428
DOI: 10.1148/radiol.2016151908

Quantitative Assessment of Rectal 
Cancer Response to Neoadjuvant 
Combined Chemotherapy and Radi-
ation Therapy: Comparison of Three 
Methods of Positioning Region of 
Interest for ADC Measurements at 
Diffusion-weighted MR Imaging

Ivana M. Blazic, Gordana B. Lilic, 
Milan M. Gajic, PhD

Erratum in:
Radiology 2017;282(2):615
DOI:10.1148/radiol.2016164040

Five patients in this study were previ-
ously included in a 2015 study by the 
authors published in the Croatian Med-
ical Journal. Images from this previous 
study, published under a Creative Com-
mons license, were also reproduced 
without proper attribution. Corrections 
are as follows: 

Third paragraph of Materials and 
Methods should read as follows: …and 
exhibit very high ADC values due to 
very low cellular density. Five patients 
included in this study were also in-
cluded in a previous study (30), in 
which we evaluated the accuracy of 
ADC measurements in assessment 
of rectal cancer downstaging after 
therapy.

Figure 1 caption should read as follows: 
Areas of rectal cancer tissue (arrows) 
on T2-weighted MR images (top row) 
correspond to high-signal-intensity 
areas (arrows) on DW images (bot-
tom row) in a 53-year-old male patient 
before CRT. (Far left images, top and 
bottom, reprinted from reference 30 
under a Creative Commons License.)

Figure 2 caption should read as follows: 
Pre- and post-CRT T2-weighted (left col-
umn), pre- and post-CRT DW (middle 
column), and pre- and post-CRT ADC 
(right column) image sets of rectal can-
cer in a 53-year-old male patient who 
experienced complete response to CRT 
(tumor regression grade 1). Numbers 
listed on the ADC image are for the par-
ticular ROIs shown. (Image at top right, 
reprinted from reference 30 under a 
Creative Commons License.)

Reference 30 should be added as fol-
lows: Blazic I, Maksimovic R, Gajic M, 
Saranovic D. Apparent diffusion co-
efficient measurement covering com-
plete tumor area better predicts rec-
tal cancer response to neoadjuvant 
chemoradiotherapy. Croatian Med J 
2015;56(5):460–469.

These errors apply to an early online 
version of the article and have been 
corrected in the final print and online 
article.
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