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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 daily. 

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 Goerres 

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

public availability/accessibility for the following reference Goerres, G.W., 

Kamel, E., Heidelberg, TN.H. et al. PET-CT image co-registration in the 

thorax: influence of respiration. European Journal of Nuclear Medicine and 

Molecular Imaging, Volume 29, No. 3, pages 351–360 (March 2002) 

(“Goerres”). I understand that Goerres has been submitted as Exhibit Ex-1021 

in this proceeding. This reference is appended to my Declaration as Appendix 

A. 

15. As detailed below, I have reviewed the print Goerres reference, which 

was 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 Goerres to determine the date of 

public availability for this reference.  

16. 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 and Molecular Imaging containing Goerres 

held by the Health Sciences Library at the University of Wisconsin at Madison. 

Appendix A includes pages 351-360, which comprises the reference Goerres. 

Appendix A includes date-stamps on PDF pages 1 and 2 indicating that the issue 
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of European Journal of Nuclear Medicine and Molecular Imaging containing 

Goerres was received by the University of Wisconsin Health Sciences Library on 

May 8, 2002. Appendix A also sets for the ISSN for the print journal as 0340-

6997. 

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

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

European Journal of Nuclear Medicine and Molecular Imaging containing 

Goerres, which was downloaded from 

https://search.library.wisc.edu/catalog/999932262702121 on May 27, 2025. 

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

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

European Journal of Nuclear Medicine and Molecular Imaging containing 

Goerres.  The public catalog record indicates that the 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 0340-6997 (print). 

19. 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 

Goerres, which was downloaded from 

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

on May 27, 2025. Appendix C indicates that the print issue of the European 

Journal of Nuclear Medicine and Molecular Imaging containing Goerres is held at 

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

7EU46461 (34-V-6). 

20. 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 28, 2025.  

21. 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 

“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.  

22. 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 
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022 sets forth the print ISSN number as 0340-6997, 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 $aVol. 29, no. 1 (Jan. 2002)-.  

23. 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 Goerres was received by the University of Wisconsin Health 

Sciences Library staff on May 8, 2002. 

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

Molecular Imaging containing Goerres would have been checked-in and 

catalogued by the University of Wisconsin Health Sciences Library within a few 

days of May 8, 2002, 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 Goerres by (i) searching the University of 

Wisconsin - 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 20, 

2002. 
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VII. Conclusion

25. 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. 

26. 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 

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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In Between Lakes 

Lakes are often beautiful and set amongst wonderful sce­
nery. The air is fresh, there may be a vanishing morning 
mist and soon the sun will arrive and reflect from the 
calm waters. The whole scene suggests peace and tran­
quility, and invites reflection. I wonder how many son­
nets and lyrics have been written at the shores of lakes, 
and how many new enterprises visualised when in the 
presence of these monuments to beauty. 

When we are a little older we are particularly drawn to 
lakes. And we start to think. We know we have achieved a 
lot, we know that there is a huge amount still to be done, 
we feel that time is short and we still wish to make an im­
pact. Somehow our position is no longer seen as preva­
lent, despite having been prominent and visible in our 
field of expertise for many, many years. So, what to do? 

Someone once reported from a diplomatic dinner that, 
in response to an enquiry as to the origin of the many 
medals which resplendently adorned the prominent chest 
of his neighbour, came the clear and precise answer: 
"When one attends many dinners, the medals will ar­
rive." And his ad~ice was never to reduce the opportuni­
ties for further dinners. 

The calm waters of the lake were whispering the solu­
tion to the question of what to do. As the distinguished 
guest was intimating: in case of doubt, create something 
and ensure you determine the menu. To become a little 
more transparent: create a new society. Oh, what genius 
thought - de novo prominent, de novo in the driving 
seat, able to vent all my frustrations: none of this non­
sense of ,,et pluribus unum" but rather to take charge in 
shaping a new future. Ah, what pleasures lie ahead: to 
ring all my friends, to explain what dire consequences 
will ensue if a new society is not born immediately, to 
canvass for support and developments, to bypass estab­
lished bureaucracies whilst creating a new one, lots of 
food for thought and momentum. But at what price? Sor­
ry, must go, time is over and I must agitate. 

During a recent stay in Canada, one of our joys was to 
attend the Royal Canadian Institute public science lec­
tures on Sunday afternoons in the biting Toronto winter. 
The lectures could be on anything from neuroimaging of 
the dopamine system by a world leader in the field to 
how a certain type of Canadian frog can be frozen to 
- 70°C then unfrozen without any side effects - by in­
creasing the glucose level in its blood to very high lev­
els, allowing unfreezing to occur in a controlled manner, 
in case you ask. How did they know there were no side­
effects? By carrying out the freezing and unfreezing ex­
periment with a pair of copulating frogs! 

Editorial 

I often think that the nineteenth century must have 
been a glorious time to be involved in medical science. 
The establishment of institutions such as the Royal Insti­
tution, the Academie Francaise, the Royal Canadian In­
stitute and others served not only to inform the general 
public on scientific advances but also to create environ­
ments where, if you were a physician, you could hear ab­
out the latest advances in biology, pharmacology, chemi­
stry, engineering or physics. There was extensive cross­
fertilisation of ideas, concepts and solutions that resulted 
in an explosion in science and medicine that laid the 
foundations of modern society. 

However, early in the twenty-first century I think we 
have forgotten the lessons of our nineteenth century forebe­
ars; as the volume of information has expanded, we have 
become more and more specialised and less and less knowl­
edgeable about anything outside our naffow area of experti­
se. All of us argue that it is difficult enough keeping up with 
the literature in our own specialty and that we cannot find 
the time to read outside our narrow interests. The advent of 
search engines and computerised journals has accelerated 
this trend. It is all too easy to sit at a keyboard and type a 
few keywords into a search engine. Increasingly, we go to 
meetings populated only by those directly involved in our 
area of research who share not only our knowledge base but 
also all our scientific prejudices and background. Compo­
unding this is the plethora of new societies being formed 
that cater for smaller and smaller specialised groups. Where 
will this all end? We will rapidly end up with every small 
group on its own scientific desert island where eventually 
communication between islands stops and each develops in 
its own way. The nineteenth century scientists showed us 
the power of cross-fertilisation of ideas, but we risk falling 
into the anarchy that William Golding famously described 
in his novel Lord of the Flies. Are we so far away from that 
scenario in science? 

The great scientists are those who are able to recog­
nise synergies in seemingly different problems and so 
identify solutions that are not apparent to the person who 
approaches every problem from within. This is why we 
must discourage the formation of endless splinter groups, 
multiple micro-societies and mini-journals and encour­
age wide representation in larger bodies such as the 
EANM and EJNM. It is essential that institutions such as 
the EANM and EJNM continue with their efforts to 
embrace this broad church before we descend into factio­
nal rivalry and endless self-serving splinter groups. 

ANON 
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Abstract. Because anatomical information on fluorine-
18 fluorodeoxyglucose (FDG) whole-body positron 
emission tomography (PET) images is limited, combina­
tion with structural imaging is often important. In princi­
ple, software co-registration of PET and computed to­
mography (CT) data or dual-modality imaging using a 
combined PET-CT camera has an important role to play, 
since "hardware-co-registered" images are thereby made 
available. A major unanswered question is under which 
breathing protocol the respiration level in the CT images 
of a patient will best match the PET images, which re­
present summed 'images over many breathing cycles. To 
address this issue, 28 tumour patients undergoing routine 
FDG PET examinations were included in this study. In 
ten patients, PET and CT were performed using a new 
combined high-performance in-line PET-CT camera 
without the need for repositioning of the patient, while in 
18 patients imaging was performed on separate scanners 
located close to each other. CT was performed at four 
respiration levels: free breathing (FB), maximal inspira­
tion (Maxinsp), maxill}al expiration (MaxExp) and nor­
mal expiration (NormExp). The following distances 
were measured: (a) between a reference point taken to be 
the anterior superior edge of intervertebral disc space 
Tl0-11 and the apex of the lung, (b) from the apex of 
the lung to the top of the diaphragm, (c) from the apex of 
the lung to the costo-diaphragmatic recess and ( d) from 
the reference point to the lateral thoracic wall. Differ­
ences between CT and corresponding PET images in re­
spect of these distances were compared. In addition, for 
each of 15 lung tumours in 12 patients, changes in tu­
mour position between PET and CT using the same pro­
tocol were measured. CT during NormExp showed the 
best fit with PET, followed by CT during FB. The mean 

Gerhard W. Goerres (~) 
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differences in movement of the diaphragmatic dome on 
CT during NormExp, FB, Maxinsp and MaxExp, as 
compared with its level on PET scan, were, respectively, 
0.4 mm (SD 11.7), -11.6 mm (13.3), -44.4 mm (25.5) 
and -9.5 mm (25.6). CT acquired in MaxExp and 
Maxinsp is not suitable for image co-registration owing 
to the poor match of images in Maxinsp and because of 
difficulties with patient performance in MaxExp. With 
reference to lung lesions, NormExp showed the best re­
sults, with a higher probability of a good match and a 
smaller range of measured values in comparison with 
FB. Image misregistration in combined PET-CT imaging 
can be minimized to dimensions comparable to the spa­
tial resolution of modern PET scanners. For PET-CT im­
age co-registration, the use of a normal expiration 
breath-hold protocol for CT acquisition is recommended, 
independent of whether combined PET-CT systems or 
stand-alone systems are used. 

Keywords: PET-CT - Image fusion - Physiology - Res­
piration - Artefact 
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Introduction 

In modern oncology, diagnosis and staging of disease 
processes are based mainly on morphological cross-sec­
tional imaging with computed tomography (CT) or mag­
netic resonance imaging (MRI). However, these modali­
ties are neither as sensitive nor as specific as fluorine-18 
fluorodeoxyglucose positron emission tomography (FDG 
PET) in identifying manifestations of many tumours or 
in defining their biological behaviour and response to 
therapy. Therefore, FDG PET has become an important 
imaging method. FDG accumulates in many different 
malignant tumours [l] and allows them to be identified 
with exquisite sensitivity. However, it shows few ana-
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Table 1. Respiration frequencies in healthy human subjects (adapted from Mead 1959) 

Author Year No. of individuals Age of individuals Mean breaths/min (range) 

Quetelet 

Hutchinson 
Handbook of Respiration 
Mead 

1884 

1850 
1958 
1959 

300 

1,714 
5 

27 

Frequency of respiration depends on many factors, such as age, 
body weight, and work load. There is a wide physiological range 
and each individual has its own normal respiration frequency dur-

tomical structures, thereby making it difficult to achieve 
precise lesion localization and, consequently, lesion 
specification and accurate staging. Hence, there has been 
increasing interest in combined imaging. 

Recent developments in software for image co-regis­
tration and, particularly, advances in dual-modality im­
aging that provide "hardware" co-registration have led to 
the development of in-line PET-CT systems [2] that ac­
quire morphological and functional information in the 
same examination. Software image co-registration is an 
established way of enhancing the interpretation of patho­
logical findings in the brain. Fusion of anatomical and 
functional images of the thorax and abdomen is more 
difficult because body positioning is variable and motion 
artefacts due to respiration are poorly controlled. While 
hardware fusion can overcome the former problem, the 
latter affects both hardware and software fusion ap­
proaches. It is well known that there is a wide range of 
respiration frequencies in healthy individuals (Table 1) 
and that respiratory-induced thoracic movements strong­
ly influence the quality of CT images [3,4]. The physio­
logical range of movements of the thoracic cage and in­
ner thoracic organs has been described previously, show­
ing a difference between the left and right diaphragm as 
well as changes in chest circumference and vertical 
movements of the thoracic cage [5]. A large inter-indi­
vidual range of these movements can be expected. Tu­
mours and organs move widely during the breathing cy­
cle, and the relative relationship between the tumour and 
surrounding normal structures may change [3,6,7,8,9]. In 
addition, the ability to breathe freely may be limited in 
patients with oncological disease. This not only may in­
fluence a patient's capability to successfully undergo a 
PET or CT examination in the supine position but also 
may affect the co-registration of images. 

To optimize fusion of PET and CT images, the respi­
ratory levels of both types of examination should be 
adapted to a best fit. Since the acquisition of a PET scan 
takes several minutes per field of view (FOV), it is im­
possible for a patient to keep a defined breathing posi­
tion during the scan. Respiratory gating of PET scanning 

Birth 
15-20 
20-25 
25-30 
30-50 
Adults 
Adults 
Adults 

44 (23-70) 
20 (10-24) 
18.7 (14-24) 
16.0 (15-21) 
18.l (11-23) 
20.2 (6-31) 
11.7 
27 

ing rest. During the PET emission scan of 4 min and the PET 
transmission scan of 2 min, between 66 and 186 breathing cycles 
can be considered normal in healthy adult persons 

is possible in principle, but the time required in this al­
ready lengthy examination makes this approach clinical­
ly impractical. In contrast, patients can be asked to hold 
their breath during CT scanning, although defining the 
position of breath holding is less than perfect for most 
respiratory arrest positions. 

The purpose of this study was to evaluate the opti­
mum breath-holding position of patients during CT im­
aging, in terms of providing the best match with PET im­
aging of the thorax, by acquiring CT scans during differ­
ent respiratory phases. This information should help to 
define standardized imaging protocols that optimize im­
age co-registration in PET-CT imaging, particularly in 
integrated systems. 

Materials and methods 

Patients. The study group consisted of 28 patients (15 male, 13 fe­
male; mean age 56.4 years, range 34-81 years). All patients un­
derwent a PET examination for oncological staging or restaging in 
a routine clinical setup. Eleven patients had bronchogenic cancer, 
four cancer of the head and neck, three melanoma, two cancer of 
the cervix, two breast cancer, three lymphoma and three colorectal 
carcinoma. The study was conducted according the guidelines of 
the institutional review board of the hospital, and written informed 
consent was obtained from each patient. 

Patients were instructed to breathe normally during the PET 
scan and to perform four breathing manoeuvres during four sequen­
tial CT scans. During the first CT scan, patients breathed normally 
and freely (free breathing = FB). For the second, third and fourth 
CT scans, patients held their breath at levels of maximum inspira­
tion (Maxlnsp), maximum expiration (MaxExp) and normal expira­
tion (Norm.Exp), respectively. NonnExp was defined as the respira­
tory level that was reached when the patient first inhaled and then 
exhaled without forcing expiration, and then held the breath in this 
position. Before PET and CT examinations started, these four levels 
of respiration were explained to and rehearsed with the patient. 

Data acquisition. A first series of 18 patients were scanned on 
stand-alone PET and CT cameras (GEMS Advance Nxi and 
GEMS High Speed CT/i scanner, Milwaukee, Wis., USA) located 
approximately 10 m from each other in adjacent rooms, and a sec-
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ond series of ten patients were evaluated on a new combined in­
line PET-CT camera (GEMS Discovery LS, Milwaukee, USA). 
The PET camera has a 14.6-cm axial FOY and a transaxial resolu­
tion of 4.8 mm full-width at half-maximum at the centre. PET 
scans were obtained using an acquisition time of 4 min for the 
emission and 2 min for the transmission scan per cradle position, 
with a one-slice overlap at the borders of the FOY to avoid arte­
facts. Thus, an examination with six to seven cradle positions 
from the top of the head to the pelvic floor resulted in an acquisi­
tion time of roughly 45 min. All PET scans were acquired before 
the CT scans. This is not a system requirement. Patients fasted for 
at least 4 h prior to scanning, which started approximately 45 min 
after the injection of 330-430 MBq of FDG (mean 386 MBq). 

Data acquisition with spiral CT was performed covering the 
same axial FOY of the body as with the FDG PET scan, with a 
512x512 matrix size and a FOY of 50 cm. On the CT/i scanner, da­
ta acquisition was as follows: First, a scout view was obtained in 
the antero-posterior view using 120 kV, 10 mA and a maximal scan 
time of 13 s. During FB a whole-body CT scan was acquired from 
the top of the head to the pelvic floor, using 140 kV, 40 mA, a pitch 
of 1.7 and a 5-mm reconstruction interval to match the slice thick­
ness of the PET scan. Furthermore, in each patient of the first se­
ries, CT scans of the thorax were acquired in the three different 
breathing positions described above using a pitch of 2.5, without 
changing the other low-dose radiation parameters, and covering a 
FOY from the shoulders to the upper abdomen. Scanning time was 
17 s for each examination, Maxinsp, MaxExp and NormExp. 

For the examination, the patients of the first series were posi­
tioned on a mattress containing plastic beads, which upon evacuation 
formed a body maul~ around the posterior and lateral aspects of the 
patients, but allowed normal respiration. The position of the patient 
was marked within the camera using a laser system, tape and pen 
lines. Immediately after the end of the PET scan, patients were 
moved within the mattress to the CT scanner, which was located in a 
room approximately 10 m away. Repositioning was performed using 
the tape landmarks and the laser system installed in the CT camera. 
Transfer of the patient and repositioning took between 5 and l O min. 

In the second series, the combined in-line PET-CT system per­
mitted acquisition of perfectly matched data by simply moving the 
table position by 60 cm from the CT to the PET gantry. During 
system installation, the two gantries had been mechanically aligned 
using phantoms to ensure a "hardware" co-registration of images to 
within 2 mm in the three spatial directions. Further optimization 
down to a "hardware" co-registration match in phantoms of <1 mm 
was achieved by electronically adjusting the three spatial offset pa­
rameters. No further patient-specific software image co-registration 
was required to obtain the final matched data. PET scans in the com­
bined system were acquired from the head to the pelvic floor using 
the same protocol as above, but CT scans were obtained with the 
PET table now also operating as a CT table. In contrast to the first 
series, the more powerful MDCT scanner used in the combined 
system made it possible to acquire a FOY of 867 mm in 22.5 s - a 
view from the head to the pelvic floor. Using 40 mA again, data were 
acquired with 140 kV and a pitch of approximately 6. After the CT 
scans, patients were asked how they could perform the breathing 
tasks, and were asked to rank them with respect to comfort. 

Image reconstruction and co-registration. PET images were re­
constructed using segmentation and a standard iterative algorithm 
(OSEM, two iterative steps). Images were reformatted into axial, 
coronal and sagittal views. Before co-registration of all images, 
CT data were resampled to the resolution of the PET scan, i.e. a 
matrix of 128x128 in the transaxial plane, although the original 
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CT images were available for viewing at all times. In the first se­
ries, co-registration of PET and CT images was done using in­
house software (PMOD) [10] which allows the registration of two 
sets of images with a simple rigid transformation based on ana­
tomical landmarks. Transformation between the two studies was 
interactively determined by the users, who practiced image pro­
cessing in eight preliminary patients not taking part in the study. 

In the second series, the combined PET-CT system directly 
provided co-registration as a result of the hardware configuration 
as described above. The acquired images were viewed with soft­
ware providing multiplanar reformatted images of PET, CT and 
fused data with linked cursors (eNtegra GE Medical Systems, 
Haifa, Israel). Distance measurements in PET and CT images 
were performed using the PMOD software, as in the first series. 

Measurement of respiratory and tumour movements. In all of the ac­
quired PET and CT scans, displacement of the diaphragm and of the 
thoracic cage was measured (Fig. 1). In addition, movement of the 
15 pulmonary lesions identified in the 28 patients was measured 
(these lesions were identified in 11 patients with bronchogenic car­
cinoma and one patient with advanced cancer of the head and neck). 

As point of reference, the midline point at the upper anterior 
border of the intervertebral disc space between thoracic vertebrae 
10 and 11 (Tl0-11) was chosen, which was easily identifiable on 
the CT scans of all patients. This choice was based on the assump­
tion that the position of this point of reference in the vertebral col­
umn would be stable during the different parts of the scanning 
protocol in a supine patient. The reference point was always de­
fined by the same experienced nuclear physician/radiologist and 
listed in a protocol to allow for an exact reference in aligned imag­
es. Because the intervertebral disc space Tl0- 11 is not visible on 
PET scans, the reference point was matched from the FB CT onto 
the PET emission scan after alignment. The point was tagged with 
a cross visible in all three dimensions, and served as the reference 
for all comparisons between PET and CT in an individual patient. 
As measurements were performed on the non-attenuation-correct­
ed PET images, in which the lung appears substantially darker 
than the surrounding tissues, the measuring points could be readily 
identified at the edge between the lung and the thoracic wall or di­
aphragm. Furthermore, the contrast level of images was defined 
and standardized to guarantee that both collaborators who mea­
sured the distances had equal image qualities and to reduce diffi­
culties in identification of the border between the lung and adja­
cent structures on PET. The following distances were measured: 

1. Point of reference to the upper border of the lung on the coro­
nal section on which the reference point was visible (Fig. la 
and c). 

2. Lung apex to the top of the diaphragm (Fig. lb and d). 
3. Lung apex to the posterior costo-diaphragmatic recess, on the 

sagittal view, showing the largest cranio-caudal extension of 
the lung (Fig. lb and cJ). 

4. Transverse distance from the point of reference to the lateral 
thoracic wall (Fig. la and c). 

All measurements were performed independently by two collabo­
rators, who practiced these measurements in eight preliminary pa­
tients before the study started. Displacements in relation to land­
marks defined by normal mediastinal and hilar structures such as 
the carina and the xyphoid process were not measured because 
such structures could not be reliably identified on the FDG PET 
scans. Ab'solute distances were measured in PET and CT scans, 
and the differences in the distances between the CT measurement 
and the corresponding PET measurement were calculated. 
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Fig. la-d. Measurements. a In 
the first 18 patients distances 
were measured from the point 
of reference, i.e. the upper an­
terior border of the interverte­
bral disc space between thorac­
ic vertebrae IO and 11 in the 
midline, to the upper border of 
the lung visible in the same co­
ronal view. From the reference 
point, additional measurements 
were performed to the lateral 
thoracic wall. b In the sagittal 
plane the image with the largest 
distance between the apex and 
the diaphragm was identified, 
and distances between the apex 
and the diaphragmatic dome 
and between the apex and the 
posterior costo-diaphragmatic 
recess were measured on the 
same slice. c The same mea­
surements as in a are shown in 
a PET scan of another patient. 
The non-attenuation-corrected 
and filtered back-projected im­
ages were chosen for the mea­
surements since the lung ap­
pears darker than in the attenu­
ation-corrected images, thus 
improving edge detection be­
tween lung and thoracic wall. 
•'•Artefact due to paravascular 
injection of FOG. d The same 
measurements as in b. Due to 
difficulties in edge detection of 
organs in PET images, inter-ob­
server agreement with respect 
to measured distances is worse 
than with CT. Identification of 
the posterior recess is more dif­
ficult than identification of the 
diaphragmatic dome. •Artefact 
due to paravascular injection of 
FOG 

* 

C d 
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Based on the experience gained in the first 18 patients, only 
the difference in diaphragmatic positions (i.e. difference in dis­
tance between the apex and the diaphragmatic dome) was mea­
sured in the ten patients scanned on the new integrated PET-CT 
scanner, since during respiration the diaphragm has the largest 
range of movements. 

Finally, as already mentioned, we analysed respiratory move­
ments of lung lesions in 12 patients taking part in this study. Fif­
teen lung lesions were analysed in 11 patients with bronchogenic 
carcinoma and one patient with lung metastases of cancer of the 
head and neck. Of these tumours, four were located in the upper 
lobes, four in the lower lobes and seven near the hila, with two of 
them in the middle lobe. For each lesion, the distance to the refer­
ence point Tl0-11 was measured in the four CT scans and in the 
PET scan. The distance measured represents the length of the dis­
tance vector and thus the geometric mean of the three-dimensional 
movement of a lesion. Like the reference point, the point of mea­
surement - in larger lesions an identifiable point within or at the 
border of the lesion - was defined by the nuclear physician/radiol­
ogist in charge of the study, and all measurements were done inde­
pendently by the two trained collaborators. 

Data analysis and statistical evaluation. For each of the measure­
ments listed above, the difference between measured distances in 
PET and CT was used for statistical analysis using a paired, two­
tailed t test to check for differences between the respiration levels. 
Furthermore, the percentage of good or bad matches between CT 
and PET was counted for each respiration level. Inter-observer 
agreement between the two collaborators was estimated by means 
of Bland-Altman plots [11]. By using this graphical approach the 
difference of two ·measurements against the mean of the same 
measurements is shown. This approach allowed visualisation of 
the extent to which the measurements differed from each other. In­
ter-observer agreement was evaluated for all PET and CT mea­
surements of anatomical distances done on the separate PET and 
CT cameras and for the measurements of diaphragmatic move­
ments on the new combined PET-CT system. Intra-observer agree­
ment for PET and CT measurements was not assessed by the 
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Bland-Altman method, but repeated measurements performed by a 
single person were evaluated. 

Results 

Patient interview 

All patients found that MaxExp was the least comfortable 
breathing position, and most of the patients were not able 
to maintain this position during the CT scan. Therefore, 
values as measured during MaxExp were not reliable. 

Fig. 2a-d. Inter-observer agreement. a Bland-Altman plot show­
ing the differences between all the measurements performed by 
two different collaborators in the CT images acquired on a stand­
alone scanner. Mean -0.002 cm; SD 0.13 cm; mean+2SD = 
+0.26 cm; mean-2SD = -0.26 cm. 95% of all measurements are 
within a 3-mm range above/below the mean. b Bland Altman plot 
showing the differences between all the measurements performed 
by two different collaborators in the PET images acquired on a 
stand-alone scanner. Mean +0.01 cm; SD 0.26 cm; mean+2SD = 
+0.53 cm; mean-2SD = -0.51 cm. 95% of all measurements are 
within a 5-mm range above/below the mean. This corresponds to 
the resolution of the PET scanner. c Bland-Altman plot showing 
the differences between two different collaborators with respect to 
the measured distance between the apex and the diaphragmatic 
dome (four different respiration levels) in the CT images acquired 
on a combined PET-CT scanner. Mean -0.01 cm; SD 0.07 cm; 
mean+2SD = +0.13 cm; mean-2SD =- 0.15 cm. 95% of all mea­
surements are within a 2-mm range above/below the mean. 
d Bland-Altman plot showing the differences between 2 different 
collaborators with respect to the measured distance between the 
apex and the diaphragmatic dome in the PET images acquired on a 
combined PET-CT scanner. Mean -0.09 cm; SD 0.23 cm; 
mean+2SD = +0.37 cm; mean-2SD = - 0.55 cm. 95% of all mea­
surements are within a 5-mm range above/below the mean. 
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Fig. 3a-d. Movement of the di­
aphragm. a, b Distances be­
tween the apex of the lung and 
the right diaphragm (a) and the 
apex of the lung and the left di­
aphragm (b) measured on the 
combined PET-CT scanner 
(mean difference between CT 
and PET in cm). NormExp 
matches best for image co-reg­
istration. c, d Distances be­
tween the apex of the Jung and 
the right diaphragm (c) and the 
apex of the lung and the left di­
aphragm (d) measured on the 
stand-alone PET and CT scan­
ners (mean difference between 
CT and PET in cm). In these 
patients, NormExp seems to be 
slightly better than FB or Max­
Exp only on the left side, with 
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Maxlnsp was also felt to be difficult to perform. Most pa­
tients found that the NormExp level could be held with­
out problems, but for some patients FB was more agree­
able. One patient started to speak and one patient yawned 
during the FB CT scan. During NormExp, patients were 
more attentive and showed better compliance. 

Reliability of measurements 

Inter-observer agreement of the two collaborators in 
measuring distances in the four CT scans was better than 
the inter-observer variability of the measurements in the 
PET scan. In the first patient group scanned on the two 
separate PET and CT scanners, the measurements in 
PET by the two collaborators matched perfectly in 
51.2% of cases. In CT, the agreement between the mea­
surements was better: FB CT 74.6%, Maxlnsp CT 
74.9%, NormExp CT 70.5% and MaxExp CT 79.8%. In 
Fig. 2a and b, Bland-Altman plots of all PET and all CT 
measurements are shown. On the combined in-line PET­
CT scanner, 20 measurements were done in ten patients. 
Two mismatches were found between the collaborators 
for each of FB CT, Maxlnsp CT and MaxExp CT, while 
three mismatches were found for NormExp CT. Taking 
all the measurements together (80 distances), the mean 
difference between the collaborators was 1 mm (Fig. 2c). 
In contrast, an identical distance was measured in the 
PET images (20 distances) in only seven patients. The 
mean difference was 9 mm, with 95% of all measure-

MaxExp d FB Maxlnsp NormExp MaxExp 

ments lying within a 5-mm range above or below the 
mean (Fig. 2d) . 

Repeated measurements performed by a single person 
showed identical values in only 20% of measurements 
on PET, but in 80% of measurements on CT. If measure­
ments within a 3-mm range in PET images were to be 
considered identical, then PET would have equalled the 
performance of CT. 

Measurement of respiratory movements 

In the first series of 18 patients, measurements between 
the reference point and the upper border of the lung visi­
ble in the same coronal section revealed small differ­
ences between the four respiration levels and between 
the left and right sides. Measured differences between 
PET and CT ranged between 6 and 20 mm. Differences 
between PET and CT were larger when measuring the 
distance between the diaphragmatic dome and the apex 
of the lung, reaching up to 57 mm on the left side and np 
to 41 mm on the right side for the four breathing tasks. 
The best or second best matches between PET and CT 
were found in 80.5% during NormExp and in 47.2% dur­
ing FB for the left and right sides together. The worst 
matches were found during Maxlnsp in 88.9% for the 
left and right sides together. Still larger differences be­
tween PET and CT were obtained when measuring the 
distance between the apex of the lung and the costo-dia­
phragmatic recess. Therefore, measurements of the dia-
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Fig. 4a, b. Movement of the distance distance 

thoracic wall. Box plots illus- lncm in cm 
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Table 2. Match of CT and PET for measurements between the 
apex and the diaphragmatic dome on the combined PET-CT cam-
era•,b 

Respiration Best 2nd best 2nd worst Worst 
level match match match match 

(%) (%) (%) (%) 

FB 27 13.5 59.5 0 
NormExp 52.7 30.6 16.7 0 
Maxlnsp 5.3 7.9 5.3 81.5 
MaxExp 16.2 35.1 24.3 24.4 

• If two measured distances were identical for two different respi­
ration levels, they _were both considered to be the second best or 
worst etc. If they were nearer to the worst match they were called 
the second worst; if they were nearer to the best match they were 
called the second best. For this reason, columns do not necessarily 
total 100%, though all columns together total 400% 
b Best match (given in % of measurements for the right and left 
thoracic sides together) was found with NormExp, i.e. the defined 
expiration level. Free shallow breathing (FB) had a higher range 
of measured values and showed worse fits with the PET scan than 
normal expiration. Maximal expiration was not performed correct­
ly by most patients and, like maximal inspiration, is unsuitable for 
PET-CT image fusion 

phragmatic dome provided more reliable information 
about diaphragmatic movements in this study. In patients 
scanned on the combined PET-CT scanner only this dis­
tance was evaluated. 

In the second series of ten patients, best or second 
best matches between PET and CT were found with 
NormExp in 83.3% of all patients for the left and right 
sides together (Table 2), and with FB in 40.5% (Table 2). 
As in the first series, the worst match between PET and 
CT was found during Maxlnsp (81.5% of all measure­
ments) (Table 2, Fig. 3 and b). Mean differences in 
movement of the diaphragmatic dome on CT under the 
four registration levels, as compared with PET, are 
shown in Table 3, and statistical comparisons in Table 4. 
NormExp, MaxExp and FB CT images did sometimes fit 
the PET image, but the probability of a good fit in­
creased when using NormExp for image co-registration 
and the range of measured values was smallest when us-
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Table 3. Mean differences (and SD, range) in movement of the di-
aphragmatic dome on CT under the four different respiration lev-
els, as compared with the level of the diaphragmatic dome on the 
PET scan 

Respiration Mean SD Range 
level 

NormExp 0.4mm 11.7 mm -24.7 mm to 18.9 mm 
FB -11.6 mm 13.3 mm -29.1 mm to 18.9 mm 
Maxlnsp -44.4mm 25.5 mm -82.9 mm to 8.7 mm 
MaxExp -9.5 mm 25.6 mm -81.4 mm to 26.2 mm 

As values are in relation to the level of the diaphragmatic dome in 
the PET scan, they can be negative or positive 

Table 4. Significance of the differences (paired two-tailed t test) in 
the movement of the diaphragmatic dome on CT under the four 
respiration levels 

FB vs Maxlnsp 

Maxlnsp vs MaxExp 
Maxlnsp vs NormExp 
FB vs MaxExp 
NormExp vs MaxExp 
FB vs NormExp 

s 

s 
s 
NS 
NS 
SINS 

P=0.0001 left and right 

P=0.004 left, P=0.001 right 
P=0.001 left and right 
P=0.8 left, P=0.7 right 
P=0.l left, P=0.6 right 
P=0.009 left, P=0. l right 

No significant differences were revealed between NormExp or FB 
and MaxExp. This was mainly due to the bad performance of 
MaxExp caused by most patients inhaling during the CT scan. 
Box plots illustrating the mean values and the ranges measured for 
patients examined on the combined PET-CT scanner are shown in 
Fig. 3 

ing NormExp (Fig. 3a and b, Table 3). This was less evi­
dent in the first series performed on two separate PET 
and CT scanners (Fig. 3c and d). 

Measurements between the reference point and the 
left and right thoracic wall showed only small differ­
ences between the four respiration levels and a slight dif­
ference between the left and right side (Fig. 4, Tables 5 
and 6). The range of measured values was within 1 cm 
for most respiration levels. 

In 12 patients, 15 lesions within the lung were evalu­
ated. The movements of lesions depended on their loca-
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Table 5. Mean differences (and SD, range) between the distances 
from the reference point to the left and right thoracic wall mea­
sured on CT under the four different respiration levels, in relation 
to the distance measured in the PET scan 

Respiration Mean SD Range 
level 

NormExp -0.5 mm 3.1 mm -5.9 mm to 7.4 mm 
FB -0.4 mm 2.9mm -5.9 mm to 5.9 mm 
Maxlnsp -3.3 mm 4.5mm -16.1 mm to 5.9 mm 
MaxExp -0.7 mm 3.0mm -6.0 mm to 5.9 mm 

Table 6. Significance of differences(two-tailed t test) in the mea­
sured distances from the reference point to the left and right tho­
racic wall on CT under the four respiration levels 

FB vs Maxlnsp 
Maxlnsp vs MaxExp 
Maxlnsp vs NormExp 
FB vs MaxExp 
NormExp vs MaxExp 
FB vs NormExp 

s 
s 
s 
NS 
NS 
NS 

P=0.0004 left, P=0.0001 right 
P=0.0004 left, P=0.0004 right 
P=0.0007 left, P=0.0004 right 
P=0.8 left, p,;,Q.2 right 
P=0.6 left, P=0.4 right 
P=0.7 left, P=0.6 right 

Only Maxlnsp showed significant differences compared with the 
other respiration levels. Box plots illustrating the mean values and 
the range measured for patients examined on the combined PET­
CT scanner are shown in Fig. 4 

Table 7. Match of PET-CT co-registered images in 15 lung le­
sions, for the four different respiration levels 

Respiration level Best and second Worst and second 
best match(%) worst match(%) 

NormExp 67 33 
FB 47 53 
Maxlnsp 27 73 
MaxExp 59 41 

The best and second best match and the worst and second worst 
match are taken together and listed for the four different respira­
tion levels. Measured distances in the MaxExp CT were not reli­
able since some patients could not perform this breathing task. Be­
cause the best and second best match and, respectively, the worst 
and second worst match are taken together, the added sum is 
200% in each column 

tion within the lung. Compared with lesions in the lower 
parts of the lung, lesions in the upper parts and near the 
hila tended to show a smaller range of movements. As in 
diaphragmatic movements, the worst matches between 
PET and CT measurements were found during Maxlnsp 
(range between 5 mm and 33 mm; Table 7; Fig. 6). In 
contrast, best and second best matches were obtained 
during NormExp (range between O mm and 14 mm; Ta­
ble 7). FB was not as good as NormExp, with a larger 
range of values, from O mm to 31 mm (Table 7). 

Fig. 5. A typical mushroom-shaped respiration-induced CT artefact. 
Such artefacts occur when CT of the thorax and abdomen catches 
the diaphragm at two different levels. Spiral CT scan should there­
fore be taken in one run over the whole examined body area 

Discussion 

With the introduction of combined PET-CT systems, co­
registration of functional and morphological imaging 
studies is intrinsically available due to the hardware ar­
rangement of the PET and CT systems. The only remain­
ing potential co-registration errors in such systems are 
due to physiological motion, which in the chest is pre­
dominantly caused by breathing, except in the vicinity of 
the heart or with insufficient patient cooperation. Be­
cause a PET scan takes several minutes per FOV and a 
PET scan is an average image over many breathing cy­
cles, the co-registration of PET images with CT images 
would require respiratory gating of the PET. This is not a 
promising approach owing to the substantial resulting in­
crease in imaging time. In contrast, CT is fast and allows 
for more flexible imaging protocols; thus, optimization 
of co-registration has to focus on optimizing the CT data 
acquisition protocol. 

The first important step in CT scanning is to acquire it 
in one continuous sweep over the whole area examined. 
This avoids imaging of the diaphragm at different posi­
tions, which can lead to blurred images and mushroom­
shaped artefacts (Fig. 5) [12]. Continuous efforts have 
been made to compensate for motion artefacts on CT 
scans, e.g. by the use of ultra-short scanning times in 
electron beam CT, modified filtered back-projection al­
gorithms and respiratory gating [13, 14]. Respiratory 
movements may cause artefacts in CT that can mimic 
disease and even lead to misdiagnoses [15]. With the ad­
vent of MDCT systems, the entire lung can be readily 
seanned while a patient holds his breath. In fact, the use 
of an MDCT in a combined PET-CT scanner permits 
scanning of the lungs with a slice thickness of 5 mm, 
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Fig. 6. PET-CT co-registration in a lung lesion. PET-CT co-regis­
tered images of a patient with bronchogenic cancer. The co-regis­
tration of the increased FDG uptake in PET to the anatomical le­
sion in CT differs only slightly in normal expiration (NormExp) 
and free breathing (FB) In maximal inspiration (Maxlnsp), the tu­
mour changes its position with a rotational component, and FDG 
activity appears to shift posteriorly 

which matches current PET scanner slice thickness, in 
less than 10 s. The only co-registration problem not ad­
dressed by a combined in-line PET-MDCT system is 
which respiratory level or manoeuvre during CT data ac­
quisition will offer the best match between CT data and 
the "free breathing" PET data. Compensation for CT 
motion artefacts per se is not enough for successful co­
registration of the data deriving from the two imaging 
systems. Movements of the thoracic wall and diaphragm, 
as well as within the thoracic cage, are quite different in 
magnitude in all three directions, thus leading to distor­
tions and asymmetrical position changes. This is illus­
trated in Fig. 6, showing a PET-CT examination of a pa­
tient with non-small cell lung cancer. The co-registration 
of the increased FDG uptake in PET to the anatomical 
lesion in CT differs only slightly in NormExp and FB. In 

European Journal of Nuclear Medicine Vol. 29, No. 3, March 2002 

359 

Maxlnsp, however, the PET lesion appears more posteri­
or than the CT lesion, because the anterior parts of the 
lung move forward and upward during the CT image ac­
quisition of Maxlnsp. Also the shape of the tumour 
changes in the corresponding slice, because of the 
through-plane motion. Fifteen lesions were measured in 
12 patients and a tendency towards larger relative move­
ments in the lower parts of the lung was found. This is a 
preliminary finding and further studies in larger patient 
populations with pulmonary nodules will be needed to 
evaluate how the size of a lesion, its location within the 
lung and the complex three-dimensional movements dur­
ing respiration influence the quality of co-registered PET 
and CT images and how the respiration protocol of the 
CT acquisition can be optimized. 

With the spatial resolution of the best PET scanners in 
the range of 5 mm, the match between PET and CT imag­
ing data has to be of that order to be qualitatively accept­
able. Our data on the match of PET and CT imaging show 
that in all imaging protocols the differences are small 
enough to satisfy this condition. However, our data also 
show that it is rather difficult to adequately measure dis­
tances in PET scans, since it is not easy to identify edges of 
organs, even when using non-attenuation-corrected PET 
images and standardized contrast levelling. The relative 
difficulties in correctly measuring distances in PET images 
are reflected in the evaluation of inter-observer agreement, 
as shown in the Bland-Altman plots (Fig. 2). In the CT 
scans 95% of all measured differences between the two 
collaborators, corresponding to 2 standard deviations, were 
within 0.26 cm above and below the mean. In contrast, 
95% of the PET measurements were within a range of 
0.52 cm. Although the values measured in PET are much 
worse than the measurable differences on CT scans, they 
correspond to the spatial resolution of a PET image and, 
therefore, are considered to be qualitatively acceptable. 

The movements near the diaphragm are clearly the 
largest, possibly reaching several centimetres, and are rel­
atively unidirectional. Hence, the cranio-caudal mismatch 
of the diaphragmatic positions in PET and CT has to be 
minimized. CT acquisition using a NorrnExp protocol al­
lows co-registration of such lesions with a mean fit of 
about 4 mm (SD 12 mm). Therefore, the use of normal ex­
piration provides co-registration to dimensions compara­
ble to the spatial resolution afforded by PET. The relative­
ly large standard deviation suggests that there is substan­
tial variability in patient behaviour. Frequently, a subopti­
mal image match of small lesions in the lung will not af­
fect the diagnostic value of PET-CT, because the image in­
terpreter will readily identify the lack of superposition as a 
misregistration artefact due to respiration. Small lesions in 
general, and particularly those located close to the pleura 
or the diaphragm, pose a potential problem. Small misreg­
istrations may lead to placement of the lesion noted on 
PET onto a wrong anatomical structure on CT. In clinical 
practice, this poses a problem only if the lesion is located 
at the border of anatomical structures like the pleura. If a 
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lesion is located in the lung parenchyma on CT, even a 
misplacement of the PET lesion to the thoracic wall will 
not suggest pleural invasion. On the other hand, if a pleu­
ral lesion noted on CT abuts the chest wall, even a lesion 
on PET appearing separated from the pleural wall will not 
permit one to rule out chest wall invasion. 

The data of this study further suggest that maximal 
inspiration and maximal expiration are unsuitable for the 
acquisition of high-quality fused PET-CT images in the 
chest. This is because, first, there is a large difference in 
the diaphragmatic positions on CT and PET images dur­
ing maximal inspiration and, second, maximum inspira­
tion and particularly maximal expiration are poorly toler­
ated by patients. Furthermore, a large mismatch of PET 
and CT images will not only cause anatomical misregis­
tration but also prevent the use of the CT scan as an ade­
quate attenuation map. It has been shown that the CT 
scan can be used to correct for the attenuation of photons 
within the patient [16). Taking a mismatching CT scan 
for attenuation correction may lead to incorrect calcula­
tion of FOG activity in the PET image and eventually to 
misinterpretation of lesions adjacent to the diaphragm. 
This will have to be addressed in further studies. 

While free breathing can be performed by all patients, 
we found that the defined expiration protocol in normal ex­
piration provides a higher proportion of best-match imag­
ing studie~. This may be due to the higher variability of FB 
CT studies, leading to a respiration snapshot during the 
respiratory cycle. The reason why most patients were able 
to hold their breath at normal expiration without difficul­
ties is the MDCT, which allows scanning of the entire pa­
tient from head to pelvic floor in slightly more than 20 s. 

Whatever respiration protocol is used for CT acquisi­
tion, the patient should be informed about the beginning 
of the CT acquisition. However, during free breathing, 
we had two uncooperative patients (sighing/yawning and 
speaking) despite the fact that they had been told when 
the CT scan was starting. Because factors like degluti­
tion, sniffing, sneezing, coughing, phonation or speech 
will decrease the quality of CT scans, it is important to 
keep the patient attentive during scanning. Using the 
normal expiration protocol, the patient inhales and then 
normally exhales before the CT scan is started, which 
may enhance attentiveness and cooperation. 

Conclusion 

Optimal co-registration is obtained with a normal expira­
tion protocol independent of whether a stand-alone PET 
and CT system with patient motion restriction or an in­
line PET-CT system is used. The free breathing protocol 
is a second-best alternative. A perfect match between 
PET and CT is not possible, but the attainable quality of 
image co-registration is in the range of the resolution of 
the PET camera. Therefore, we recommend the Norm­
Exp respiration level for clinical imaging. 
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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
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