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I, Shauna L. Wiest, state and declare as follows: 

I. Introduction 

1. I have prepared this Declaration in connection with the Petition for 

Inter Partes Review of U.S. Patent No. 8,265,353, which I understand will be 

filed concurrently with this Declaration. 

2. I am currently a Senior Research Analyst with the Research & 

Information Services team at Finnegan, Henderson, Farabow, Garrett & Dunner, 

LLP located at 3300 Hillview Avenue, Palo Alto, CA 94304. 

3. I am over eighteen years of age, and I am competent to make this 

Declaration. I make this Declaration based upon my own personal knowledge, 

and my professional knowledge of library science practices.  

4. I earned a Master of Science in Library Science degree from the 

University of North Carolina at Chapel Hill in 1999, and a Bachelor of Arts in 

Political Science degree from the University of California at San Diego in 

1989. I have worked as a law librarian for twenty years. I have been employed 

at Finnegan, Henderson, Farabow, Garrett & Dunner, LLP since 2021. Before 

that, from 2000-2015, I was employed as a Law Librarian at Stoel Rives LLP, 

and from 2015-2016, I was employed as a Competitive Intelligence Specialist 

for Nossaman LLP.  Additionally, as a graduate student at the University of 

North Carolina at Chapel Hill, I served as an intern at the Environmental 
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Protection Agency at Research Triangle Park (“EPA-RTP”) where one of my 

rotations included original cataloging for EPA technical documents, state 

agency reports and documents, international organization documents, 

dissertations, and, on occasion, monographs. In this role, I accessed OCLC, 

MARC records, and the EPA National Library Catalog on a daily basis. 

II. Standard Library Practice for Receiving, Cataloging, and Making 
Materials, including Serial Publications, Publicly Available and 
Accessible 

5. I have knowledge of and experience with standard library practices 

regarding the receipt, cataloging, shelving, and making materials, including 

serial publications, available and accessible to the public. I have knowledge of 

and experience with the Machine-Readable Cataloging (MARC) system, an 

industry-wide standard that libraries use to catalog materials.  

6. Based on standard library practice, when a library receives an item, 

the cataloguer or cataloguer’s assistant will examine the item and stamp and/or 

affix a label to the item with the library name and/or barcode with the date it 

was received. Next, the library will catalog the item within a few days of 

receiving it. As a general practice, cataloguing is centralized and performed by 

a cataloguing department within a library or university setting.  

7. Normally, after an item is cataloged, the public may access the 

item by searching a library catalog, browsing the library shelves, and/or 
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requesting the item from the library. Standard library practice is to make the 

item available to the public within several days of cataloging it. If an item 

requires original cataloguing, the item will be made available to the public up 

to and including one week from the date of receipt. 

III. Ownership and Date-Stamp 

8. Libraries have different policies on whether or not to date stamp 

publications. It is becoming increasingly common for libraries to no longer date 

stamp the publications they receive. In the past, it was standard practice to affix an 

ownership stamp somewhere within the publication, usually on the cover page, 

verso of the cover page, or a designated page within the publication. The timing of 

when an ownership stamp is entered on the monograph or periodical can vary from 

one library to another. It could occur when the item is received in acquisitions after 

shipment to the library, or at the time of cataloging. Therefore, it is possible for 

there to be instances when the date of receipt precedes the cataloging date or vice 

versa. 

IV. MARC Records 

9. The MARC system was developed during the 1960s to standardize 

bibliographic catalog records so they could be read by computers and shared 

among libraries. By the mid-1970s, MARC had become the international standard 

for cataloging bibliographic materials and is still used today. Many libraries 
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provide public access to their MARC records via their electronic cataloging 

systems at the library. In a MARC record, each field provides specific information 

about the cataloged item, including how materials are held and when they were 

made available to the public. 

10. The MARC record system uses a specific three-digit numeric code 

(“field tags”) (from 001-999) to identify each field in a catalog record. For 

example, field tag 008 provides the six-digit date an item was catalogued (Date 

entered on file). The first six characters of field tag 008 are always in the 

“YYMMDD” format.  Descriptions and definitions of all of the character positions 

of field tag 008 are outlined here:  

https://www.loc.gov/marc/bibliographic/bd008a.html.  

11. As is relevant to this Declaration, MARC field tag 022 sets forth the 

International Standard Serial Number (“ISSN”), a unique identification assigned to 

every serial publication. MARC field tag 310 sets forth the current publication 

frequency of an item. MARC field Tag 362 sets forth the dates of publication 

and/or sequential date designation for a work.  

V. Cataloguing Treatment of Serials 

12. A serial publication, also known as a “journal,” “periodical,” 

“newspaper,” or “magazine,” is a resource that is issued in successive parts and 

has no predetermined conclusion. These successive parts are commonly 
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referred to as “issues,” and each issue is usually chronologically numbered, 

bears a unique date, and is received on an expected, ongoing basis. The 

presence of enumeration, years of coverage, regular receipt, and/or other 

chronological information, also indicates a serial publication. 

13. There are differences between cataloging finite resources 

(books/monographs) and continuing resources (serials). For serials, the catalog 

record provides information about the serial as a whole, including the first or 

earliest available issue. It also provides information as to holdings – the 

breadth of volumes and issues received, checked in, and held by a library, 

including the public availability of those holdings. In serials cataloging, there 

are identifying characteristics unique to serials that are slightly different from 

monographs (books). The issue date for a serial publication, for example, 

generally appears on the cover (front or back), the masthead page, the title 

page (if any), the table of contents page(s), or on the pages of the individual 

articles contained within the issue. More information regarding the unique 

aspects of cataloguing serials can be found at this link: 

https://www.loc.gov/aba/pcc/conser/scctppt/Basic-2014/Basic-Trainee-

Mannual.pdf.   
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VI. Public Availability and Accessibility of Beyer and Osman 

14. Section VI of this Declaration relates to the date of receipt and 

public availability/accessibility for the following references: Beyer, T., Antoch, 

G., Blodgett, T. et al. Dual-modality PET/CT imaging: the effect of respiratory 

motion on combined image quality in clinical oncology. Eur. J. Nucl. Med. 

Mol. Imaging Vol. 30, No. 4, pages 588–596 (April 2003) (“Beyer”). I 

understand that Beyer has been submitted as Exhibit Ex-1016 in this 

proceeding. This reference is appended to my Declaration as Appendix A.  

15. Section VI of this Declaration also relates to the date of receipt and 

public availability/accessibility for Osman, M.M., Cohade, C., Nakamoto, Y. et 

al. Respiratory motion artifacts on PET emission images obtained using CT 

attenuation correction on PET-CT. Eur. J. Nucl. Med. Mol. Imaging Vol. 30, 

No. 4, pages 603–606 (April 2003) (“Osman”). I understand that Osman has 

been submitted as Exhibit Ex-1015 in this proceeding. This reference is 

appended to my Declaration as Appendix A. 

16. As detailed below, I have reviewed the print Beyer and Osman 

references, which were supplied to me by Wisconsin Tech Search (a service of the 

University of Wisconsin - Madison) on May 15, 2025, the University of Wisconsin 

public holdings information and MARC record for Beyer and Osman to determine 

the date of public availability for these references. Note: These two references 
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were published in the same journal volume, issue, and date: Eur. J. Nucl. Med. 

Mol. Imaging Vol. 30, No. 4 (April 2003). 

17. Appendix A to this Declaration is a true and accurate copy of the 

cover, front matter, table of contents, and date stamp for the print issue of 

European Journal of Nuclear Medicine containing Beyer and Osman held by the 

Health Sciences Library at the University of Wisconsin - Madison. Appendix A 

includes pages 588-596, which comprise the reference Beyer, and pages 603-606, 

which comprise the reference Osman. Appendix A includes date-stamps on PDF 

pages 1 and 2 indicating that the issue of European Journal of Nuclear Medicine 

and Molecular Imaging containing Beyer and Osman was received by the 

University of Wisconsin Health Sciences Library on May 19, 2003. Appendix A 

also sets for the ISSN for the print journal as 1619-7070 on PDF page 5. 

18. Appendix B to this Declaration is a true and accurate copy of the 

University of Wisconsin - Madison Library public catalog record for its copy of 

European Journal of Nuclear Medicine and Molecular Imaging containing Beyer 

and Osman, which was downloaded from 

https://search.library.wisc.edu/catalog/999932262702121 on May 22, 2025. 

19. The University of Wisconsin - Madison Library public catalog record 

(Appendix B) sets forth the publication and holding details for its copy of 

containing Beyer and Osman.  The public catalog record indicates that the 

https://search.library.wisc.edu/catalog/999932262702121
https://search.library.wisc.edu/catalog/999932262702121
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Middleton Shelving Facility holds print Volume 29 No. 1 (2002) through Volume 

33 Supplement 2 (2006) of the print serial publication European Journal of Nuclear 

Medicine and Molecular Imaging. Appendix B also sets forth the ISSN number as 

1619-7089 (print). 

20. Appendix C to this Declaration sets forth the individual holdings and 

onsite location information for members of the public seeking the print issue of 

European Journal of Nuclear Medicine and Molecular Imaging containing Beyer 

and Osman, which was downloaded from 

https://search.library.wisc.edu/catalog/999932262702121/holdings?from=locations 

on May 22, 2025. Appendix C indicates that the print issue of European Journal of 

Nuclear Medicine and Molecular Imaging containing Beyer and Osman is held at 

the Middleton Shelving Facility and is available upon request at Call Number Q 

7EU46461 (34-V-6). 

21. Appendix D to this Declaration is a true and accurate copy of the 

University of Wisconsin Library MARC record for its holdings of the journal 

European Journal of Nuclear Medicine and Molecular Imaging, which was 

downloaded from https://search.library.wisc.edu/catalog/999932262702121 (Click 

on “Library Staff Details” and then “Staff View”) on May 22, 2025.  

22. Appendix D confirms the fixed data elements of MARC field tag 008 

as 020320c20029999gw mr p 0 0eng c. As discussed above, the first six characters 
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“020320” are in typical “YYMMDD” format and indicate that the print journal 

European Journal of Nuclear Medicine and Molecular Imaging was first 

catalogued by the University of Wisconsin - Madison Library on March 20, 2002 

and that the journal began publication in 2002 and is a continuing resource 

currently published with no end date noted.  

23. The University of Wisconsin - Madison Library MARC record 

(Appendix D) field tag 310 sets forth the publication frequency of European 

Journal of Nuclear Medicine and Molecular Imaging as monthly. MARC field tag 

022 sets forth the print ISSN number as 1619-7070, which matches the ISSN in 

Appendix A and Appendix B. MARC field tag 362 denotes the dates of 

publication and/or sequential date designation for the European Journal of Nuclear 

Medicine and Molecular Imaging as Vol. 29, no. 1 (Jan. 2002).  

24. Based on the information set forth in Appendices A, B, C, and D 

attached to this Declaration, standard library practices, and my experience as a 

librarian, the issue of European Journal of Nuclear Medicine and Molecular 

Imaging containing Beyer and Osman was received by the University of Wisconsin 

Health Sciences Library staff on May 19, 2003. 

25. Accordingly, the issue of European Journal of Nuclear Medicine and 

Molecular Imaging containing Beyer and Osman would have been checked-in and 

catalogued by the University of Wisconsin Health Sciences Library within a few 
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days of May 19, 2003, and would have subsequently been made available to the 

public within a few days of being checked-in and catalogued. The general public 

could have accessed the issue of European Journal of Nuclear Medicine and 

Molecular Imaging containing Beyer and Osman by (i) searching the University of 

Wisconsin at Madison Library catalog; (ii) visiting the library; or (iii) by asking a 

Library staff member and requesting the print issue available at the Middleton 

Shelving Facility at Call Number Q 7EU46461 (34-V-6) on or before May 25, 

2003. 

VII. Conclusion 

26. In signing this Declaration, I understand it will be filed as evidence 

in a contested case before the Patent Trial and Appeal Board of the United 

States Patent and Trademark Office. I understand I may be subject to cross-

examination in this case and that cross-examination will take place within the 

United States. If cross-examination is required of me, I will appear for cross-

examination within the United States during the time allotted for cross-

examination. 

27. I declare that all statements made herein of my knowledge are true, 

that all statements made on information and belief are believed to be true, and that 

these statements were made with the knowledge that willful false statements and 
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the like so made are punishable by fine or imprisonment, or both, under Section 

1001 of Title 18 of the United States Code. 

Executed on May 29, 2025. 

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

Thomas Beyer (~) 
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45147 Essen, Germany 
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Introduction 

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

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

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

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

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

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

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

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

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

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

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

tranS"l--erse 

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

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

Respiration Respiration CT No. of 
protocol patients 

TB-SS Tidal breathing Single-slice 24 
LBH-SS Limited breath-hold Single-slice 19 
TB-DS Tidal breathing Dual-slice 19 

Respiration protocols. All 62 patients were separated into three 
groups (Table I) depending on the CT scanner and the breathing 
protocol: 43/62 patients were scanned on the biograph BGO with a 
single-slice CT, and 19/62 patients were scanned on the biograph 
BGO with a dual-slice CT. Of the 43 patients scanned on the single­
slice CT version, 24 were instructed to breathe shallowly during the 
CT and the PET examination (TB-SS) while 19 were scanned with 
a limited breath-hold technique (LBH-SS). The 19 patients scanned 
on the biograph BGO with dual-slice CT were allowed to breathe 
shallowly during both the CT and the PET examination (TB-DS). 

The respiration protocols in all three groups are illustrated in 
Fig. I. The CT scan consisted of a single, continuous spiral cover­
ing an axial range from the neck to the thighs depending on the 
clinical indication and subsequently the number of PET bed posi­
tions. Patients following the TB-SS protocol were allowed to 

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

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

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

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

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

Results 

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

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

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

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

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

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

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

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

Respiration protocol 

TB-SS LBH-SS TB-DS 

N 24 19 19 
All artefacts (mm) 21±11 9±8 22±7 
Nm 7 11 14 
Mild artefacts (mm) 16±5 9±4 22±7 
N, 16 3 5 
Significant artefacts (mm) 24±11 20±13 29±19 

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

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

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

Respiration protocol 

TB-SS LBH-SS TB-DS 

N 24 19 19 
All artefacts (mm) 69±26 33±26 65±17 
Nm 7 11 14 
Mild artefacts (mm) 56±11 42±25 66±15 
N, 16 3 5 
Severe artefacts (mm) 78±21 29±28 67±23 

artefacts, the use of the limited breath-hold technique 
(LBH-SS) again reduced the extent by a factor of 2 com-
pared with the tidal breathing technique (TB-SS and TB-
DS). Differences between single-slice and dual-slice CT 
were small as long as no respiration protocol was used. 
However, with all three respiration protocols the coronal 
extent of the artefacts was more variable than the axial 
extent (compare Table 2 and Table 3). 

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

Fig. 6. Frequency (%) of respiration artefacts in 62 patients exam-
ined with dual-modality PET/CT, according to the acquisition pro-
tocols used (Table 1): TB-SS, LBH-SS or TB-DS. CT images 
were classified into three classes: no artefacts, mild artefacts and 
significant artefacts. Using a respiration protocol on a single-slice 
CT or using a dual-slice CT reduces the frequency of significant 
artefacts due to respiration on CT images 
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Fig. 7a, b. Average spatial extent (a axial, b coronal) of respira­
tion artefacts in CT images of 62 patients, according to the acqui­
sition protocol used 
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Fig. 8. Mean axial width of significant artefacts in CT images of 
62 patients, according to the acquisition protocol used. The width 
is defined as the maximum distance between the upper and lower 
boundaries of fully detached soft tissue artefacts in the thorax 

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

Discussion 

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

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

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

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

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

sue artefact but also in the space between the artefact 
and the normal liver (Fig. 9c). In other words, due to the 
periodic motion of the diaphragm during the emission 
scan, tracer uptake appears smeared. This may impair 
quantitative assessment of lesions close to the dia­
phragm. 
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As shown by other authors, respiratory motion during 
CT may lead to locoregional mis-registration of the CT 
and PET data [16, 17]. However, by viewing complemen­
tary CT and PET images acquired as part of the same du­
al-modality examination in fused mode, respiration-in­
duced artefacts on CT images can be directly correlated 
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with artificial uptake patterns in corrected PET images 
(Fig. 9). Some authors recommend viewing the emission 
images before attenuation correction is applied in order to 
exclude respiration-induced bias [18]. We feel that this 
might be necessary in the case of lesions in the vicinity of 
the diaphragm. For most clinical scenarios today, howev­
er, a combined PET/CT acquisition protocol involving a 
carefully designed respiration technique, like the limited 
breath-hold protocol described here, seems sufficient. 

Conclusion 

In conclusion, an appropriate respiration protocol is the 
main determinant of artefact-free PET/CT images of the 
lower thorax and upper abdomen. We have shown that 
application of a limited breath-hold technique when ac­
quiring the CT part of a combined PET/CT examination 
significantly reduces the frequency and extent of respira­
tion-induced artefacts in the lower thorax. 
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Abstract. PET-CT scanners allow generation of trans­
mission maps from CT. The use of CT attenuation cor­
rection (CTAC) instead of germanium-68 attenuation 
correction (Ge AC) might be expected to cause artifacts 
on reconstructed emission images if differences in respi­
ratory status exist between the two methods of attenua­
tion correction. The aim of this study was to evaluate for 
possible respiratory motion artifacts (RMA) in PET im­
ages attenuation corrected with CT from PET-CT in clin­
ical patients. PET-CT scans were performed using a Dis­
covery LS PET-CT system in 50 consecutive patients (23 
males, 27 females; mean age 58.2 years) with known or 
suspected malignancy. Both CTAC and Ge AC transmis­
sion data obtained during free tidal breathing were used 
to correct PET emission images. Cold artifacts at the in­
terface of the lungs and diaphragm, believed to be due to 
respiratory motion (RMA), that were seen on CTAC im­
ages but not on the Ge AC images were evaluated quali­
tatively on a four-point scale (0, no artifact; 1, mild arti­
fact; 2, moderate artifact; 3, severe artifact) . RMA was 
also measured for height. Curvilinear cold artifacts par­
alleling the dome of the diaphragm at the lung/dia­
phragm interface were noted on 84% of PET-CT image 
acquisitions and were not seen on the 68Ge-corrected im­
ages; however, these artifacts were infrequently severe. 
In conclusion, RMA of varying magnitude were noted in 
most of our patients as a curvilinear cold area at the 
lung/diaphragm interface, but were not diagnostically 
problematic in these patients. 
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tory motion 
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Introduction 

Positron emission tomography (PET) provides unique in­
formation regarding tumor biology, but the lack of ana­
tomical landmarks on PET can make precise lesion 
localization challenging. Software image fusion can be 
applied to address this problem but is often logistically 
challenging owing to differences in the patient's posi­
tioning between studies. PET-CT systems can acquire 
anatomical and functional information in the same exam­
ination in very close temporal proximity [1]. In such sys­
tems, CT data can be used for PET attenuation correction 
(AC) instead of the traditionally used germanium-68 and 
is much faster [2]. 

Artifacts originating from the use of CT data for AC, 
rather than 68Ge transmission data, are not yet well char­
acterized. While translation of the patient's body be­
tween PET and CT is a possible source of misalignment, 
physiological activities like breathing might also result 
in artifacts. Artifacts might be expected if differences in 
respiratory status were to exist between the PET and CT 
images. For example, if the lungs were to be more inflat­
ed on CT than on PET, an attenuation value derived from 
the lung (which has low attenuation) might be applied to 
the upper liver, resulting in underestimation of the upper 
liver's true radioactivity level. The purpose of this study 
in clinical patients was twofold: (a) to evaluate whether 
respiratory motion artifacts (RMA) exist at the level of 
the interface of the diaphragm and lung in PET images 
that have been attenuation corrected with CT from PET­
CT and (b) to compare these images with images attenu­
ation corrected using 68Ge transmission images, the his­
torical standard. 
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Materials and methods 

Patients. Images from 50 (23 males, 27 females; mean age 58.2 
years) sequential clinical patients who underwent PET-CT scans 
(GE Discovery LS PET-CT system) in our institution for known or 
suspected cancer were assessed. 

PET-CT scanning. After 4 h of fasting, approximately 555 MBq of 
fluorine-18 fluorodeoxyglucose (FDG) was injected intravenously, 
followed by an approximately 55-min uptake phase. Patients were 
given no specific breathing instructions during the image acquisi­
tion (tidal breathing expected). 

CT scanning. Parameters were as follows for 5-7 bed acquisitions: 
140 kV, 80 mA, 0.8 s per CT rotation, pitch of 6, 22.5 mm/s table 
speed, 722.5-1011.5 mm coverage, 31.9-37 s acquisition time. CT 
acquisition was performed before emission acquisition. Five-milli­
meter-thick sections were re-sliced to 4.25 mm in thickness. CT 
data were resized from 512x512 matrix to a 128xl28 matrix to 
match PET data in order to fuse images and generate CT transmis­
sion maps. 

PET scanning and image processing. Emission data were acquired 
for 5- 7 bed positions, typically from the base of the skull through 
the mid-thigh (722.5-1011 .5 mm coverage, identical to the CT 
protocol). Emission data were acquired for 5 min for each bed po­
sition (35 scanning planes, 14.6 cm longitudinal field of view, one 
slice overlap). Images were reconstructed with an 8-111111 Gaussian 
filter using a 128xl28 matrix. PET images were reconstructed us­
ing CT (CTAC) with OSEM iterative reconstruction algorithm (2 
iterations, 28 subsets). Emission data were also reconstructed with 
segmented 68Ge AC (3 min/level transmission data). 

Image analysis. Both CTAC and Ge AC images were indepen­
dently evaluated for the presence of RMA, a cold curvilinear de­
fect at the interface of the lower lung and diaphragm. RMA was 
qualitatively rated on a four-point scale (0, no artifact; l, mild arti­
fact; 2, moderate artifact; 3, severe artifact) by one observer 
(M.O.). RMA was also quantified as the vertical distance between 
the top and bottom of the cold artifact (located at the apparent in­
terface of the lower lung and diaphragm) in the right lung (anteri­
or, middle, posterior) and the left lung (posterior only owing to the 
heart). To quantify the RMA, the mid-plane of the chest was visu­
ally located on the relevant coronal PET views and measurements 
were made on the sagittal views (Fig. 1). Upper and lower regions 
of interest were placed to define the extent of the artifact, and the 
cranial caudal extent of the cold defect was measured. 

Results 

Curvilinear cold artifacts paralleling the dome of the dia­
phragm at the apparent lung/diaphragm interface were 
commonly noted on PET-CT image acquisitions but 
were not seen on the 68Ge-corrected acquisitions (Fig. 1). 
In the right lung, 8 patients (16%) had no RMA, 33 

Fig. la-c. Examples of mild (a), moderate (b), and severe (c) 
RMA on CT-corrected emission FOG-PET images and compara­
tive 68Ge-corrected images of the same patients 
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Fig. 2. Examples of quantitative assessment of RMA. In the right 
lung: a, posterior; b, middle; c, anterior; in the left lung: d, posterior 

Table 1. Qualitative assessment of RMA using a three-point scale 

Extent of RMA Right lung 

Absent (0) 8 pts (16%) 
Mild (1) 33 pts (66%) 
Moderate (2) 8 pts (16%) 
Severe (3) l pt (2%) 

Table 2. Quantitative assessment of RMA 

Site of RMA measurement 

Anterior 
Middle 
Posterior 

Right lung 

16.4±10.5 mm 
14.3±7.6 mm 
13.6±8.6 mm 

Left lung 

8 pts (16%) 
31 pts (62%) 
6 pts (12%) 
5 pts (10%) 

Left lung 

Not measured 
Not measured 
17.8±10.8 mm 

(66%) had mild RMA, 8 (16%) had moderate RMA, and 
one (2%) had severe RMA. In the left lung, 8 patients 
(16%) had no RMA, 31 (62%) had mild RMA, 6 (12%) 
had moderate RMA, and 5 (10%) had severe RMA 
(Table 1). Figure 1 shows examples of mild (a), moder­
ate (b), and severe (c) RMA and comparative 68Ge-cor­
rected mages for the same patients. 

RMA was quantified on the sagittal view (Fig. 2). 
RMA was 16.4±10.5 mm at the anterior, 14.3±7.6 mm at 
the middle, and 13.6±8.6 mm at the posterior aspect of 
the right lung base and 17.8±10.8 mm at the posterior as­
pect of the left lung base (Table 2). RMA could not be 
evaluated immediately adjoining the heart as myocardial 
uptake of FDG masks a large portion of the anterior as­
pect of the left lung. 
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None of the patients included in this study had an 
FDG-avid lesion in the region of the respiratory artifact. 
Thus, RMA in this study did not interfere with interpre­
tation of CTAC PET images. 

Discussion 

We demonstrated that curvilinear cold artifacts (RMA) 
paralleling the dome of the diaphragm at the lung bases 
were frequently present on PET images obtained at free 
tidal breathing using CTAC. The RMA was mild in se­
verity in most patients and was more noticeable in the 
right lung than in the left lung. RMA was not present in 
Ge AC images. The "cold" defect is likely due to an in­
accurate correction for photon attenuation at the inter­
face of the lung base and diaphragm owing to inconsis­
tencies in the position of the interface between PET and 
CT acquisitions. The most likely source of the artifact is 
under-attenuation correction for the upper liver imaged 
at PET owing to larger lung volumes on the CT (single 
breath) than on the emission PET (free breathing with 
the expiratory phase predominant) [1, 2, 3]. 

Goerres has reported that the normal expiration pro­
vides excellent co-registration between PET and CT [4]. 
However, many cancer patients may not be able to toler­
ate a long breath hold. Thus, the breath-holding approach 
may not be practical in day-to-day clinical practice in all 
patients. It is probable that our tidal breathing approach 
may entail a smaller lung volume on PET than on CT (as 
expiration is longer than inspiration). This may account 
for inconsistencies in the AC map and the RMA that we 
observed. 

Expiratory imaging or respiratory gating approaches 
should be studied to determine whether they reduce the 
frequency of RMA [4, 5, 6]. In the absence of careful 
study of those approaches, it is important to be familiar 
with the cold RMA. While RMA was commonly present 
using the free tidal breathing acquisition protocol that we 
find clinically practicable, RMA did not result in diag­
nostic challenges in the studied population. However, in 
a separate larger study, RMA resulted in infrequent (2%) 
but potentially serious localization errors [7] . 

Conclusion 

RMA of some degree was visualized at the lung/dia­
phragm interface in most (84%) of our patients on CTAC 
PET images, likely due to differing positions of the liver 
and lung between CT and the subsequent PET images. 
Marked RMA was seen in only 10% of patients. It is im­
portant to be aware of RMA as a source of commonly 
seen cold artifacts at the lung/diaphragm interface in 
PET-CT images. RMA was not clinically problematic in 
the current study but warrants further study in patients 
with lesions located in the upper liver or lower lung fields 
as well as systematic approaches to minimize the artifact. 
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v.31:suppl.1(2004)-v.31:suppl.2(2004)

v.32:suppl.2(2005)

v.33:suppl.1(2006)-v.33:suppl.2(2006)

v. 33, suppls. 1-2 2006
Issue

v. 33, no. 10-12 2006
Issue

v. 33, no. 7-9 2006
Issue

v. 33, no. 4-6 2006
Issue

v. 33, no. 1-3 2006
Issue

v. 32, suppl. 2 2005
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v. 32, no. 11-12 2005
Issue

v. 32, no. 9-10 2005
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v. 32, no. 7-8 2005
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v. 32, no. 5 2005
Issue

v. 32, no. 1-3 2005
Issue

v. 31, suppl. 2 2004
Issue

v. 31, no. 12 & suppl. 1 2004
Issue

v. 31, no. 9-11 2004
Issue
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https://search.library.wisc.edu/request/9957280323602122/22820328940002122/23644761500002122
https://search.library.wisc.edu/request/9957280323602122/22820328940002122/23644761500002122
https://search.library.wisc.edu/request/9957280323602122/22820328940002122/23644761500002122
https://search.library.wisc.edu/request/9957280323602122/22820328940002122/23644761500002122
https://search.library.wisc.edu/request/9957280323602122/22820328940002122/23644761510002122
https://search.library.wisc.edu/request/9957280323602122/22820328940002122/23644761510002122
https://search.library.wisc.edu/request/9957280323602122/22820328940002122/23644761510002122
https://search.library.wisc.edu/request/9957280323602122/22820328940002122/23644761510002122
https://search.library.wisc.edu/request/9957280323602122/22820328940002122/23644761510002122
https://search.library.wisc.edu/request/9957280323602122/22820328940002122/23644761510002122
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https://search.library.wisc.edu/request/9957280323602122/22820328940002122/23644761520002122
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Issue

v. 31, no. 5-6 2004
Issue

v. 31, no. 3-4 2004
Issue

v. 31, no. 1-2 2004
Issue

v. 30, suppls. 1-2 2003
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v. 30, no. 11-12 2003
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v. 30, no. 9-10 2003
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v. 30, no. 7-8 2003
Issue

v. 30, no. 5-6 2003
Issue

v. 30, no. 3-4 2003
Issue

v. 30, no. 1-2 2003
Issue

v. 29, suppls. 1-2 2002
Issue

v. 29, no. 10-12 2002
Issue

v. 29, no. 7-9 2002
Issue

v. 29, no. 4-6 2002
Issue

v. 29, no. 1-3 2002
Issue
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https://search.library.wisc.edu/request/9957280323602122/22820328940002122/23644761690002122
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https://search.library.wisc.edu/request/9957280323602122/22820328940002122/23644761820002122
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https://search.library.wisc.edu/request/9957280323602122/22820328940002122/23644761840002122
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001 9957280323602122

005 20150313114213.0

008 020320c20029999gw mr p       0    0eng c

010    $a  2002252212

016 7_ $a101140988$2DNLM

022    $a1619-7070$y0340-6997

030    $aEJNMA6

032    $a10949$bUSPS

035    $a(OCoLC)ocm49348061

035    $a5728032
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035    $a(WU)5728032-uwmadisondb

035    $a(EXLNZ-01UWI_NETWORK)999932262702121

040    $aWAU$beng$cWAU$dNLM$dNSD$dCAS

042    $alcd

060 00 $aW1$bEU72DJ

210 10 $aEur J Nucl Med Mol Imaging$2dnlm

245 00 $aEuropean journal of nuclear medicine and molecular 
imaging.

246 17 $aEuropean journal of nuclear medicine

246 3_ $aEuropean journal of nuclear medicine & molecular 
imaging

260    $aHeidelberg, Germany :$bSpringer-Verlag,$cc2001-

300    $avolumes :$billustrations ;$c28 cm

310    $aMonthly

336    $atext$btxt$2rdacontent

337    $aunmediated$bn$2rdamedia

338    $avolume$bnc$2rdacarrier

362 0_ $aVol. 29, no. 1 (Jan. 2002)-

500    $aTitle from cover.

510 0_ $aChemical abstracts$x0009-2258

510 1_ $aIndex medicus$x0019-3879$bv29n1, Jan. 2002-

510 1_ $aMEDLINE$bv29n1, Jan. 2002-

510 1_ $aPubMed$bv29n1, Jan. 2002-
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530    $aAvailable also online.

550    $aOfficial journal of the European Association of 
Nuclear Medicine (EANM).

650 12 $aNuclear Medicine$vperiodicals.

650 22 $aRadioisotopes$xtherapeutic use$vperiodicals.

650 22 $aDiagnostic Imaging$vperiodicals.

650 22 $aDiagnostic Techniques, Radioisotope$vperiodicals.

710 2_ $aEuropean Association of Nuclear Medicine.

780 00 $tEuropean journal of nuclear medicine$x0340-
6997$w(DLC)sn 82004503$w(OCoLC)02502280

997    $aMARCIVE

LEADER 02432nas--2200661-a-4500

001 991021972777702122

005 20250121180436.0

006 m-----o--d--------

007 cr-unu||||||||

008 030318c20029999gw-mr-pso-----0---a0eng-c

010    $a  2008233049

016 7_ $a013089518$2Uk

022    $a1619-7089

035    $a(DE-599)ZDB1459062-1

035    $a(OCoLC)51876601

035    $a(CKB)111025029846004
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035    $a(CONSER)--2008233049

035    $a(EXLCZ)99111025029846004

042    $apcc

050 00 $aR895.A1

060 00 $aW1$bEU72DJ

082 04 $a616.07575

130 0_ $aEuropean journal of nuclear medicine and molecular 
imaging (Online)

210    $aEUR J NUCL MED MOL IMAGING

210    $aEUROPEAN JOURNAL OF NUCLEAR MEDICINE & MOLECULAR 
IMAGING

210    $aEUR. J. NUCL. MED. MOL. IMAGING

210    $aEUR J NUCL MED MOL I

245 10 $aEuropean journal of nuclear medicine and molecular 
imaging.

246 13 $aEuropean journal of nuclear medicine

260    $aBerlin :$bSpringer-Verlag

310    $aMonthly

336    $atext$btxt$2rdacontent

337    $acomputer$bc$2rdamedia

338    $aonline resource$bcr$2rdacarrier

362 1_ $aVol. 29, issue 1 (Jan. 2002)-

500    $aRefereed/Peer-reviewed
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525    $aSupplements accompany some issues.

538    $aMode of access: World Wide Web.

550    $aOfficial journal of the European Association of 
Nuclear Medicine (EANM).

588 0_ $aFirst issue; title from journal home page 
(SpringerLink, viewed Jan. 14, 2008).

588 1_ $aVol. 46, issue 1 (Jan. 2018) (viewed Dec. 13, 
2018).

650 _0 $aNuclear medicine$vPeriodicals.

650 _0 $aDiagnostic imaging$vPeriodicals.

650 12 $aNuclear Medicine.

650 22 $aDiagnostic Imaging.

650 22 $aDiagnostic Techniques, Radioisotope.

650 22 $aRadioisotopes$xtherapeutic use.

650 _7 $aNuclear Medicine.$2ebps

650 _7 $aMolecular Imaging.$2ebps

650 _7 $aDiagnostic imaging.$2fast$0(OCoLC)fst00892354

650 _7 $aNuclear medicine.$2fast$0(OCoLC)fst01040348

655 _7 $aPeriodicals.$2fast$0(OCoLC)fst01411641

655 _7 $aPeriodicals.$2lcgft

650 _7 $aMedicina nuclear$2thub

655 _7 $aRevistes electròniques$2thub

780 00 $tEuropean Journal of Nuclear 
Medicine$w(CKB)954925519624$w(DLC)sn82004503$x1432-
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105X

776 08 $x1619-7070

710 2_ $aEuropean Association of Nuclear Medicine,$eissuing 
body.

906    $aJOURNAL

MMS IDs

Document ID: 999932262702121
Network Electronic IDs: 9911030212602121
Network Physical IDs: 999932262702121
mms_mad_ids: 9957280323602122, 991021972777702122
mms_ec_ids: 99925243318802134
mms_gb_ids: 991006761691102123
mms_lc_ids: 991016450659402125
mms_ml_ids: 991012378487302124
mms_osh_ids: 991004567788402126
mms_pl_ids: 99901303943802127
mms_plt_ids: 991013466417902128
mms_rf_ids: 991013780026202129
mms_sf_ids: 991014911017002130
mms_st_ids: 991013503869602131
mms_sup_ids: 99916320805902132
mms_ww_ids: 991015504155402133
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