
Volum
e: 27  Issue: 2  O

ctober 2018 Page: 99-146

October 2018                                  Volume 27                                 Issue 3                                 www.tsnm.org



Scientific Advisory Board
Ayşegül Akgün
Ege University, Medical School, Department of Nuclear Medicine, İzmir, Turkey
Esma Akın
The George Washington University, Medical School, Department of Diagnostic Radiology, Washington DC, USA
Claudine Als
Hopitaux Robert Schuman Zitha Klinik, Médecine Nucléaire, Luxembourg
Vera Artiko
Clinical Center of Serbia, Center for Nuclear Medicine, Belgrade, Serbia
Nuri Arslan
Health Sciences University, Gülhane Medical School, Gülhane Training and Research Hospital, Clinic of Nuclear Medicine,  
Ankara, Turkey 
Marika Bajc
Lund University Hospital, Clinic of Clinical Physiology, Lund, Sweden
Lorenzo Biassoni
Great Ormond Street Hospital for Children NHS Foundation Trust, Department of Radiology, London, United Kingdom
Hans Jürgen Biersack
University of Bonn, Department of Nuclear Medicine, Clinic of Radiology, Bonn, Germany
M. Donald Blaufox
Albert Einstein College of Medicine, Department of Radiology, Division of Nuclear Medicine, New York, USA.
Patrick Bourguet
Centre Eugène Marquis, Department of Nuclear Medicine, Clinic of Radiology, Rennes, France
A. Cahid Civelek
NIH Clinical Center, Division of Nuclear Medicine, Bethesta, USA
Arturo Chiti
Humanitas University, Department of Biomedical Sciences; Humanitas Clinical and Research Center, Clinic of Nuclear Medicine, 
Milan, Italy
Josep Martin Comin
Hospital Universitari de Bellvitge, Department of Nuclear Medicine, Barcelona, Spain 
Alberto Cuocolo
University of Naples Federico II, Department of Advanced Biomedical Sciences, Napoli, Italy
Tevfik Fikret Çermik
Health Sciences University, İstanbul Training and Research Hospital, Clinic of Nuclear Medicine, İstanbul, Turkey 
Angelika Bischof Delaloye
University Hospital of Lausanne, Department of Radiology, Lausanne, Switzerland
Mustafa Demir
İstanbul University, Cerrahpaşa Medical School, Department of Nuclear Medicine, İstanbul, Turkey
Hakan Demir
Kocaeli University Medical School, Department of Nuclear Medicine, Kocaeli, Turkey
Peter Josef Ell
University College Hospital, Institute of Nuclear Medicine, London, United Kingdom
Tanju Yusuf Erdil
Marmara University, Pendik Training and Research Hospital, Clinic of Nuclear Medicine, İstanbul, Turkey
Türkan Ertay
Dokuz Eylül University, Medical School, Department of Nuclear Medicine, İzmir, Turkey
Jure Fettich
University Medical Centre Ljubljana, Department for Nuclear Medicine, Ljubljana, Slovenia
Christiane Franzius
Klinikum Bremen Mitte Center, Center for Modern Diagnostics, Bremen, Germany
Lars Friberg
University of Copenhagen Bispebjerg Hospital, Department of Nuclear Medicine, Copenhagen, Denmark

The Owner on Behalf of Turkish Society of 
Nuclear Medicine
Prof. Gamze Çapa Kaya, MD.
Dokuz Eylül University, Medical School, Department of 
Nuclear Medicine, İzmir, Turkey

Publishing Manager
Prof. Zehra Özcan, MD.
Ege University, Medical School, Department of Nuclear 
Medicine, İzmir, Turkey
E-mail: zehra.ozcan@yahoo.com

Editor in Chief
Prof. Zehra Özcan, MD. 
Ege University, Medical School, Department of Nuclear 
Medicine, İzmir, Turkey
E-mail: zehra.ozcan@yahoo.com

 ORCID ID: 0000-0002-6942-4704

Associate Editor
Associate Prof. Murat Fani Bozkurt, MD. Hacettepe 
University, Medical School, Department of Nuclear 
Medicine, Ankara, Turkey
E-mail: fanibozkurt@gmail.com

 ORCID ID: 0000-0003-2016-2624

Prof. Tanju Yusuf Erdil, MD. Marmara University 
Medical School, Department of Nuclear Medicine, 
İstanbul, Turkey
E-mail: yerdil@marmara.edu.tr

 ORCID ID: 0000-0002-5811-4321

Associate Prof. Nalan Selçuk, MD. Yeditepe 
University, Medical School, Department of Nuclear 
Medicine, İstanbul, Turkey 
E-mail: nalanselcuk@yeditepe.edu.tr

 ORCID ID: 0000-0002-3738-6491

Statistics Editors
Prof. Gül Ergör, MD.
Dokuz Eylül University, Medical School,  
Department of Public Health, İzmir, Turkey
E-mail: gulergor@deu.edu.tr

Prof. Sadettin Kılıçkap, MD.
Hacettepe University, Medical School,  
Department of Preventive Oncology, Ankara, Turkey
E-mail: skilickap@yahoo.com

English Language Editor
Didem Öncel Yakar, MD.
İstanbul, Turkey



Jørgen Frøkiær
Aarhus University Hospital, Clinic of Nuclear Medicine and PET, Aarhus, Denmark
Maria Lyra Georgosopoulou
University of Athens, 1st Department of Radiology, Aretaieion Hospital, Radiation Physics Unit, Athens, 
Greece
Gevorg Gevorgyan
The National Academy of Sciences of Armenia, H. Buniatian Institute of Biochemistry, Yerevan, Armenia
Seza Güleç
Florida International University Herbert Wertheim College of Medicine, Departments of Surgery and 
Nuclear Medicine, Miami, USA
Liselotte Højgaard
University of Copenhagen, Department of Clinical Physiology, Nuclear Medicine and PET, Rigshospitalet, 
Copenhagen, Denmark
Ora Israel
Tel Aviv University Sackler Medical School, Assaf Harofeh Medical Center, Clinic of Otolaryngology-Head 
and Neck Surgery, Haifa, Israel
Csaba Juhasz
Wayne State University Medical School, Children’s Hospital of Michigan, PET Center and Translational 
Imaging Laboratory, Detroit, USA
Metin Kır
Ankara University, Medical School, Department of Nuclear Medicine, Ankara, Turkey
Irena Dimitrova Kostadinova
Alexandrovska University Hospital, Clinic of Nuclear Medicine, Sofia, Bulgaria
Lale Kostakoğlu
The Mount Sinai Hospital, Clinic of Nuclear Medicine, New York, USA
Rakesh Kumar
All India Institute of Medical Sciences, Department of Nuclear Medicine, New Delhi, India
Georgios S. Limouris
Athens University, Medical School, Department of Nuclear Medicine, Athens, Greece
Luigi Mansi
Second University of Naples, Medical School, Department of Nuclear Medicine, Naples, Italy
Yusuf Menda
University of Iowa Health Care, Carver College of Medicine, Department of Radiology, Iowa City, USA

Vladimir Obradović
University of Belgrade, Faculty of Organizational Sciences, Department of Human Development Theory, 
Business Administration, Organizational Studies, Belgrade, Serbia
Yekta Özer
Hacettepe University, Faculty of Pharmacy, Department of Radiopharmaceutical, Ankara, Turkey
Francesca Pons
Hospital Clinic, Clinic of Nuclear Medicine, Barcelona, Spain
Monica Rossleigh
Sydney Children’s Hospital, Clinic of Nuclear Medicine, Sydney, Australia
Dragana Sobic Saranovic
University of Belgrade, Medical School, Departments of Radiology, Oncology and Cardiology,  
Belgrade, Serbia
Mike Sathekge
University of Pretoria, Steve Biko Academic Hospital, Department of Nuclear Medicine, Pretoria,  
South Africa
Kerim Sönmezoğlu
İstanbul University, Cerrahpaşa Medical School, Department of Nuclear Medicine, İstanbul, Turkey
Zsolt Szabo
The Johns Hopkins Hospital, Divisions of Radiology and Radiological Science, Baltimore, USA
Istvan Szilvasi
Semmelweis University, Medical School, Department of Nuclear Medicine, Budapest, Hungary
Berna Okudan Tekin
Ankara Numune Trainig and Research Hospital, Clinic of Nuclear Medicine, Ankara, Turkey
Mathew L. Thakur
Thomas Jefferson University, Department of Radiology, Pennsylvania, USA
Bülent Turgut
Cumhuriyet University, Medical School, Department of Nuclear Medicine, Sivas, Turkey
Gülin Uçmak
Health Sciences University, Ankara Oncology Training and Research Hospital, Clinic of Nuclear Medicine, 
Ankara,Turkey
Doğangün Yüksel
Pamukkale University, Medical School, Department of Nuclear Medicine, Denizli, Turkey

The paper used to print this journal conforms to ISO 9706: 1994 standard (Requirements for Permanence). The National Library of Medicine suggests that biomedical publications be printed on acid-free paper (alkaline paper). 
Reviewing the articles’ conformity to the publishing standards of the Journal, typesetting, reviewing and editing the manuscripts and abstracts in English, creating links to source data, and publishing process are realized by Galenos.

Turkish Society of Nuclear Medicine 
Cinnah Caddesi Pilot Sokak No: 10/12 Çankaya 06650 Ankara, Turkey Phone: +90 312 441 00 45 Fax: +90 312 441 12 95 Web: www.tsnm.org  E-mail: dernekmerkezi@tsnm.org

“Formerly Turkish Journal of Nuclear Medicine”

Galenos Publishing House Owner 
and Publisher
Erkan Mor
Publication Director
Nesrin Çolak
Web Coordinators
Soner Yıldırım
Turgay Akpınar

Web Assistant
Başak Büşra Yılmaz
Graphics Department
Ayda Alaca
Çiğdem Birinci

Project Coordinators
Eda Kolukısa
Hatice Balta
Lütfiye Ayhan İrtem
Zeynep Altındağ

Project Assistants
Esra Semerci
Günay Selimoğlu
Sedanur Sert
Finance Coordinator
Sevinç Çakmak
Research&Development
Denis Sleptsov

Publisher Contact
Address: Molla Gürani Mah. Kaçamak Sk. No: 21/1 
34093 İstanbul, Turkey
Phone: +90 (212) 621 99 25 Fax: +90 (212) 621 99 27
E-mail: info@galenos.com.tr/yayin@galenos.com.tr
Web: www.galenos.com.tr

Printing at: Özgün Ofset Ticaret Ltd. Şti.
Yeşilce Mah. Aytekin Sk. No: 21 34418 4. Levent, İstanbul, Turkey
Phone: +90 (212) 280 00 09
Printing Date:  10 October 2018
ISSN: 2146-1414 E-ISSN: 2147-1959
International scientific journal published quarterly.



ABOUT US

Molecular Imaging and Radionuclide Therapy (formerly Turkish Journal of Nuclear 
Medicine) is the official publication of Turkish Society of Nuclear Medicine.

Focus and Scope
Molecular Imaging and Radionuclide Therapy (Mol Imaging Radionucl Ther, MIRT) 
is a double-blind peer-review journal published in English language. It publishes 
original research articles, reviews, editorials, short communications, letters, 
consensus statements, guidelines and case reports with a literature review on the 
topic, interesting images in the field of molecular imaging, multimodality imaging, 
nuclear medicine, radionuclide therapy, radiopharmacy, medical physics, dosimetry 
and radiobiology. MIRT is published three times a year (February, June, October). 
Audience: Nuclear medicine physicians, medical physicists, radiopharmaceutical 
scientists, radiobiologists.

The editorial policies are based on the “Recommendations for the Conduct, 
Reporting, Editing, and Publication of Scholarly Work in Medical Journals (ICMJE 
Recommendations)” by the International Committee of Medical Journal Editors 
(2016, archived at http://www.icmje.org/) rules.

Open Access Policy
This journal provides immediate open access to its content on the principle that 
making research freely available to the public supports a greater global exchange 
of knowledge.

Open Access Policy is based on rules of Budapest Open Access Initiative (BOAI) (http://
www.budapestopenaccessinitiative.org/). By “open access” to [peer-reviewed research 
literature], we mean its free availability on the public internet, permitting any users 
to read, download, copy, distribute, print, search, or link to the full texts of these 
articles, crawl them for indexing, pass them as data to software, or use them for 
any other lawful purpose, without financial, legal, or technical barriers other than 
those inseparable from gaining access to the internet itself. The only constraint on 
reproduction and distribution, and the only role for copyright in this domain, should 
be to give authors control over the integrity of their work and the right to be properly 
acknowledged and cited.

This journal is licensed under a Creative Commons 3.0 International License.

Permission Requests
Permission required for use any published under CC-BY-NC license with commercial 
purposes (selling, etc.) to protect copyright owner and author rights). Republication 
and reproduction of images or tables in any published material should be done 
with proper citation of source providing authors names; article title; journal title; 
year (volume) and page of publication; copyright year of the article. 

Instructions for Authors
Instructions for authors are published in the journal and on the website http://
mirt.tsnmjournals.org

Manuscripts can only be submitted electronically through the Journal Agent 
website (http://www.journalagent.com/mirt/?plng=eng) after creating an account. 
This system allows online submission and review.

All published volumes in full text can be reached free of charge through the 
website http://mirt.tsnmjournals.org

Material Disclaimer
Scientific and legal responsibilities pertaining to the papers belong to the authors. 
Contents of the manuscripts and accuracy of references are also the author’s 
responsibility. The Turkish Society of Nuclear Medicine, the Editor, the Editorial 
Board or the publisher do not accept any responsibility for opinions expressed in 
articles.  

Financial expenses of the journal are covered by Turkish Society of Nuclear 
Medicine.

Correspondence Address
Editor-in-Chief, Prof. Zehra Özcan, MD,

Ege University, Medical School, Department of Nuclear Medicine, İzmir, Turkey

Phone: +90 312 441 00 45

Fax: +90 312 441 12 97

E-mail: editor@tsnmjournals.org

Web page: http://mirt.tsnmjournals.org

Publisher Corresponding Address
Galenos Yayınevi Tic. Ltd. Şti.

Address: Molla Gürani Mah. Kaçamak Sk. No: 21/1 34093

Fındıkzade, İstanbul, Turkey

Phone: +90 212 621 99 25

Fax: +90 212 621 99 27

E-mail: info@galenos.com.tr

The journal is printed on an acid-free paper.



INSTRUCTIONS TO AUTHORS

Molecular Imaging and Radionuclide Therapy (Mol Imaging Radionucl Ther, MIRT) 
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MIRT commits to rigorous peer review, and stipulates freedom from commercial 
influence, and promotion of the highest ethical and scientific standards in 
published articles. Neither the Editor(s) nor the publisher guarantees, warrants 
or endorses any product or service advertised in this publication. All articles are 
subject to review by the editors and peer reviewers. If the article is accepted 
for publication, it may be subjected to editorial revisions to aid clarity and 
understanding without changing the data presented.
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that do not meet these requirements will be returned to the author for necessary 
revision before the review. Authors of manuscripts requiring modifications have a 
maximum of two months to resubmit the revised text. Manuscripts returned after 
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It is the authors’ responsibility to prepare a manuscript that meets ethical criteria. The 
Journal adheres to the principles set forth in the Helsinki Declaration October 2013 
(https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-
for-medical-research-involving-human-subjects/) and holds that all reported 
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Reports describing data obtained from research conducted in human participants 
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approval by the ethical review board (including the approval number) and 
affirmation that INFORMED CONSENT was obtained from each participant.
All manuscripts reporting experiments using animals must include a statement 
in the MATERIALS AND METHODS section giving assurance that all animals have 
received humane care in compliance with the Guide for the Care and Use of 
Laboratory Animals (www.nap.edu) and indicating approval by the ethical review 
board.
If the study should have ethical approval, authors asked to provide ethical 
approval in order to proceed the review process. If they provide approval, review 
of the manuscript will continue.
In case report(s) and interesting image(s) a statement regarding the informed 
consent of the patients should be included in the manuscript and the identity of 
the patient(s) should be hidden.
Subjects must be identified only by number or letter, not by initials or names. 
Photographs of patients’ faces should be included only if scientifically relevant. 
Authors must obtain written consent from the patient for use of such photographs. 

In cases of image media usage that potentially expose patients’ identity requires 
obtaining permission for publication from the patients or their parents/guardians.
If the proposed publication concerns any commercial product, the author 
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(have) no financial or other interest with the product or explaining the nature 
of any relations (including consultancies) between the author(s) and editor the 
manufacturer or distributor of the product.
All submissions will be screened by Crossref Smilarity Check powered by 
“iThenticate”. Manuscripts with an overall similarity index of greater than 25%, or 
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published. Direct quotations, tables, or illustrations that have appeared in 
copyrighted material must be accompanied by written permission for their use 
from the copyright owner and authors. Materials previously published in whole or 
in part shall not be considered for publication. At the time of submission, authors 
must report that the manuscript has not been published elsewhere. Abstracts or 
posters displayed at scientific meetings need not be reported.

MANUSCRIPT SUBMISSION PROCEDURES
MIRT only accepts electronic manuscript submission at the web site http://
www.journalagent.com/mirt/. After logging on to the website Click the ‘online 
manuscript submission’ icon. All corresponding authors should be provided with a 
password and a username after entering the information required. If you already 
have an account from a previous submission, enter your username and password 
to submit a new or revised manuscript. If you have forgotten your username and/
or password, please send an e-mail to the editorial office for assistance. After 
logging on to the article submission system please read carefully the directions of 
the system to give all needed information and attach the manuscript, tables and 
figures and additional documents.

All Submissions Must Include:
1.	Completed Copyright Assignment & Disclosure of Potential Conflict of 
Interest Form; This form should be downloaded from the website (provided in 
the author section), filled in thoroughly and uploaded to the website during the 
submission.
2.	All manuscripts describing data obtained from research conducted in human 
participants must be accompanied with an approval document by the ethical 
review board. 
3.	All manuscripts reporting experiments using animals must include approval 
document by the animal ethical review board.
4.	All submissions must include the authorship contribution form which is signed 
by all authors.
Authors must complete all online submission forms. If you are unable to 
successfully upload the files please contact the editorial office by e-mail. 

MANUSCRIPT PREPARATION
General Format
The Journal requires that all submissions be submitted according to these 
guidelines:
•  Text should be double spaced with 2.5 cm margins on both sides using 12-point 
type in Times Roman font.
•  All tables and figures must be placed after the text and must be labeled.
•  Each section (abstract, text, references, tables, figures) should start on a separate 
page.
•  Manuscripts should be prepared as a word document (*.doc) or rich text format 
(*.rtf).
•  Please make the tables using the table function in Word.
•  Abbreviations should be defined in parenthesis where the word is first mentioned 
and used consistently thereafter.
•  Results should be expressed in metric units. Statistical analysis should be done 
accurately and with precision. Please consult a statistician if necessary.

•	Authors’ names and institutions should not be included in the manuscript text 
and should be written only in the title page.
Title Page
The title page should be a separate form from the main text and should include 
the following:
•  Full title (in English and in Turkish). Turkish title will be provided by the editorial 
office for the authors who are not Turkish speakers.
•  Authors’ names and institutions.
•  Short title of not more than 40 characters for page headings.
•  At least three and maximum eight keywords. (in English and in Turkish). Do 
not use abbreviations in the keywords. Turkish keywords will be provided by the 
editorial office for the authors who are not Turkish speakers. If you are not a 
native Turkish speaker, please reenter your English keywords to the area provided 
for the Turkish keywords. English keywords should be provided from http://www.
nlm.nih.gov/mesh (Medical Subject Headings) while Turkish keywords should be 
provided from http://www.bilimterimleri.com.
•  Word count (excluding abstract, figure legends and references).
•  Corresponding author’s e-mail and address, telephone and fax numbers.
•  Name and address of person to whom reprint requests should be addressed.
Original Articles
Authors are required to state in their manuscripts that ethical approval from an 
appropriate committee and informed consents of the patients were obtained. 
  Original Articles should be submitted with a structured abstract of no more than 
250 words. All information reported in the abstract must appear in the manuscript. 
The abstract should not include references. Please use complete sentences for all 
sections of the abstract. Structured abstract should include background, objective, 
methods, results and conclusions. Turkish abstract will be provided by the editorial 
office for the authors who are not Turkish speakers. If you are not a native Turkish 
speaker, please reenter your English abstract to the area provided for the Turkish 
abstract.
- Introduction
- Materials and Methods
- Results
- Discussion
- Study Limitations
- Conclusion
May be given for contributors who are not listed as authors, or for grant support 
of the research.
References should be cited in numerical order (in parentheses) in the text and 
listed in the same numerical order at the end of the manuscript on a separate page 
or pages. The author is responsible for the accuracy of references. Examples of 
the reference style are given below. Further examples will be found in the articles 
describing the Uniform Requirements for Manuscripts Submitted to Biomedical 
Journals (Ann Intern Med.1988; 208:258-265, Br Med J. 1988; 296:401-405). 
The titles of journals should be abbreviated according to the style used in the 
Index Medicus. Journal Articles and Abstracts: Surnames and initials of author’s 
name, title of the article, journal name, date, volume number, and pages. All 
authors should be listed regardless of number. The citation of unpublished papers, 
observations or personal communications is not permitted. Citing an abstract is 



INSTRUCTIONS TO AUTHORS

not recommended. Books: Surnames and initials of author’s names, chapter title, 
editor’s name, book title, edition, city, publisher, date and pages.

Sample References
Journal Article: Sayit E, Söylev M, Capa G, Durak I, Ada E, Yilmaz M. The role of 
technetium-99m-HMPAO-labeled WBC scintigraphy in the diagnosis of orbital 
cellulitis. Ann Nucl Med 2001;15:41-44.
  Erselcan T, Hasbek Z, Tandogan I, Gumus C, Akkurt I. Modification of Diet in Renal 
Disease equation in the risk stratification of contrast induced acute kidney injury 
in hospital inpatients. Nefrologia 2009 doi: 10.3265/Nefrologia.2009.29.5.5449.
en.full.
Article in a journal published ahead of print: Ludbrook J. Musculovenous pumps 
in the human lower limb. Am Heart J 2009;00:1-6. (accessed 20 February 2009).
  Lang TF, Duryea J. Peripheral Bone Mineral Assessment of the Axial Skeleton: 
Technical Aspects. In: Orwoll ES, Bliziotes M (eds). Osteoporosis: Pathophsiology 
and Clinical Management. New Jersey, Humana Pres Inc, 2003;83-104.

Books: Greenspan A. Orthopaedic Radiology a Pratical Approach. 3th ed. 
Philadelphia, Lippincott Williams Wilkins 2000, 295-330.
Website: Smith JR. ‘Choosing Your Reference Style’, Online Referencing 2(3), 
http://orj.sagepub.com (2003, accessed October 2008).
- Tables
Tables must be constructed as simply as possible. Each table must have a concise 
heading and should be submitted on a separate page. Tables must not simply 
duplicate the text or figures. Number all tables in the order of their citation in the 
text. Include a title for each table (a brief phrase, preferably no longer than 10 to 
15 words). Include all tables in a single file following the manuscript.
- Figure Legends
Figure legends should be submitted on a separate page and should be clear and 
informative.
- Figures
Number all figures (graphs, charts, photographs, and illustrations) in the order of 
their citation in the text. At submission, the following file formats are acceptable: 
AI, EMF, EPS, JPG, PDF, PPT, PSD, TIF. Figures may be embedded at the end of the 
manuscript text file or loaded as separate files for submission. All images MUST be 
at or above intended display size, with the following image resolutions: Line Art 
800 dpi, Combination (Line Art + Halftone) 600 dpi, Halftone 300 dpi. Image files 
also must be cropped as close to the actual image as possible.

Short Communications:
Short communications should be submitted with a structured abstract of no more 
than 200 words. These manuscripts should be no longer than 2000 words, and 
include no more than two figures and tables and 20 references. Other rules which 
the authors are required to prepare and submit their manuscripts are the same as 
described above for the original articles. 

Review Articles:
- Title page (see above)
- Abstract: Maximum 250 words; without structural divisions; in English and in 
Turkish . Turkish abstract will be provided by the editorial office for the authors 
who are not Turkish speakers. If you are not a native Turkish speaker, please reenter 
your English abstract to the area provided for the Turkish abstract.

- Text
- Conclusion
- Acknowledgements (if any)
- References

Editorial:
- Title page (see above)
- Abstract: Maximum 250 words; without structural divisions; in English and in 
Turkish. Turkish abstract will be provided by the editorial office for the authors 
who are not Turkish speakers. If you are not a native Turkish speaker, please re 
enter your English abstract to the area provided for the Turkish abstract.
- Text
- References

Case Report and Literature Review
- Title page (see above)
- Abstract: Approximately 100-150 words; without structural divisions; in English 
and in Turkish. Turkish abstract will be provided by the editorial office for the 
authors who are not Turkish speakers. If you are not a native Turkish speaker, 
please re-enter your English abstract to the area provided for the Turkish abstract.
- Introduction
- Case report
- Literature Review and Discussion
- References

Interesting Image:
No manuscript text is required. Interesting Image submissions must include the 
following:

Title Page: (see Original article section)
Abstract: Approximately 100-150 words; without structural divisions; in English 
and in Turkish. Turkish abstract will be provided by the editorial office for the 
authors who are not Turkish speakers. If you are not a native Turkish speaker, 
please re-enter your English abstract to the area provided for the Turkish abstract.
Image(s): The number of images is left to the discretion of the author. (See Original 
article section)
Figure Legend: Reference citations should appear in the legends, not in 
the abstract. Since there is no manuscript text, the legends for illustrations 
should be prepared in considerable detail but should be no more than 500 
words total. The case should be presented and discussed in the Figure legend 
section.
References: Maximum eight references (see original article section).

Letters to the Editor:
- Title page (see above)
- Short comment to a published work, no longer than 500 words, no figures or 
tables.
- References no more than five.
Consensus Statements or Guidelines: These manuscripts should typically be no 
longer than 4000 words and include no more than six figures and tables and 120 
references.
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Proofs and Reprints
Proofs and a reprint orders are sent to the corresponding author. The author 
should designate by footnote on the title page of the manuscript the name and 
address of the person to whom reprint requests should be directed. The manuscript 
when published will become the property of the journal.

Archiving
The editorial office will retain all manuscripts and related documentation 
(correspondence, reviews, etc.) for 12 months following the date of publication 
or rejection.

Submission Preparation Checklist
As part of the submission process, authors are required to check off their 
submission’s compliance with all of the following items, and submissions may be 
returned to authors that do not adhere to these guidelines.
1. The submission has not been previously published, nor is it before another journal 
for consideration (or an explanation has been provided in Comments to the Editor).
2. The submission file is in Microsoft Word, RTF, or WordPerfect document file 
format. The text is double-spaced; uses a 12-point font; employs italics, rather 
than underlining (except with URL addresses); and the location for all illustrations, 
figures, and tables should be marked within the text at the appropriate points.
3. Where available, URLs for the references will be provided.
4. All authors should be listed in the references, regardless of the number.
5. The text adheres to the stylistic and bibliographic requirements outlined in the 
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Öz
Amaç: Radyoaktif iyot diferansiye tiroid karsinomu (DTK) görüntülemesinde kullanılan en yüksek özgüllüğe sahip 
radyonükliddir. Duyarlılık ve özgüllüğü yüksek olmakla birlikte I-131 tüm vücut tarama sintigrafisinde (TVTS) yanlış pozitif I-131 
tutulumu görülebilmekte ve bu durum tanısal güçlüklere ve gereksiz tedavi uygulanmasına neden olabilmektedir. Bu çalışmada 
I-131 TVTS’de izlenen beklenmedik yanlış pozitif I-131 tutulumlarına ait TVTS ve tek foton emisyon bilgisayarlı tomografisi/
bilgisayarlı tomografi (SPECT/BT) görüntüleme bulguları ile hastaların klinik sonuçlarının ve SPECT/BT görüntülemenin 
katkısının sunulması amaçlanmıştır. 
Yöntem: Kliniğimizde takipli 1507 DTK tanılı hastaya ait I-131 TVTS’leri retrospektif olarak incelendi ve alışılagelmiş yanlış 
pozitif I-131 tutulumları (timüs, meme gibi) çalışma dışında bırakıldı. Eş zamanlı SPECT/BT görüntüleri olan ve beklenen alanlar 
dışında izlenen yanlış pozitif I-131 tutulumları çalışmaya dahil edildi.

Abstract
Objective: Radioiodine is the most specific radionuclide for differentiated thyroid carcinoma (DTC) imaging. Despite its high 
specificity and sensitivity, false-positive I-131 uptake could be seen on whole body scan (WBS) that may lead to misdiagnosis 
and unnecessary radioiodine treatment. In this study, we aimed to present the I-131 WBS and concomitant single photon 
emission computed tomography/computed tomography (SPECT/CT) images of unexpected false-positive radioiodine uptake 
along with the patients’ clinical outcomes and the contribution of SPECT/CT imaging. 
Methods: I-131 WBSs of 1507 patients with DTC were retrospectively reviewed, and anticipated I-131 uptakes (like in breasts 
or thymus) were excluded from the study. The unexpected false-positive I-131 uptakes with concomitant SPECT/CT imaging 
were included in the study.
Results: Twenty-one patients had 23 unexpected I-131 uptakes on WBS and concomitant SPECT/CT imaging. The vast 
majority (87%) of these cases were seen on post-therapeutic I-131 WBS. Most of the false-positive I-131 uptakes could be 
explained by SPECT/CT and radiologic findings, and were secondary to non-thyroid conditions (bronchiectasis, lung infection, 
subcutaneous injection into gluteal fatty tissue, aortic calcification, benign bone cyst, vertebral hemangioma, recent non-
thyroid surgical procedure site, rotator cuff injury, mature cystic teratoma and ovarian follicle cyst). However, the possible 
reasons of 9 false-positive I-131 uptakes could not be explained by radiologic findings. 
Conclusion: We suggest that false-positive I-131 uptake and its underlying mechanisms (inflammation, trapping, increased 
perfusion, etc.) must be kept in mind in patients with thyroid cancer and unexpected findings must be considered together 
with serum thyroglobulin levels, SPECT/CT and radiologic findings in order to avoid misdiagnosis and unnecessary radioiodine 
treatment.
Keywords: I-131, radioiodine, scintigraphy, SPECT/CT, thyroid, cancer
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Introduction 

Differentiated thyroid carcinoma (DTC), including papillary 
and follicular thyroid cancer, represents over 90% of all 
thyroid cancer cases (1). The primary treatment of choice in 
DTC is surgery (1,2). DTC patients, except microcarcinomas 
with no extension beyond the thyroid capsule and without 
lymph node or distant metastasis, receive radioiodine 
treatment after surgery (3). Radioiodine is the most specific 
(>90%) radionuclide for DTC imaging (3). Post-therapeutic 
I-131 whole body scan (WBS) is used for restaging while 
diagnostic I-131 WBS is used for the follow-up of DTC patients. 
Despite its high specificity and sensitivity, false-positive 
I-131 uptake could be seen on I-131 WBS (4,5,6,7,8,9,10). 
Functional (residual or metastatic) thyroid tissue is not 
the only tissue that accumulates radioiodine, but also 
salivary glands, liver, breasts and thymus could accumulate 
radioiodine. Also, gastrointestinal and urinary system can 
be visualized in radioiodine scans due to iodine excretion. 
In addition to these organs and systems, unexpected and 
false-positive radioiodine accumulation could be seen 
on I-131 WBS which might lead to misdiagnosis and 
unnecessary radioiodine treatment (8,9). Further imaging 
modalities are usually required to explain the unexpected 
I-131 uptake, but it is difficult to guide further examinations 
due to the absence of anatomical location data on planar 
imaging protocols. In such cases, single photon emission 
computed tomography/computed tomography (SPECT/
CT) hybrid imaging is a very useful modality to determine 
the exact anatomic localization of the I-131 avid foci that 
was detected on I-131 WBS. CT component of the hybrid 
imaging not only improves attenuation correction, but 
also improves the planar data interpretation by offering 
the opportunity to differentiate between abnormal and 
physiologic structures, and sometimes low dose CT images 
help to diagnose the underlying pathology.

In this study, we aimed to present the imaging findings 
[I-131 WBS, SPECT/CT, magnetic resonance imaging 
(MRI), etc.], and clinical outcomes of patients as well as 
the contribution of SPECT/CT imaging in unexpected false-
positive I-131 accumulation, and to discuss the underlying 
etiology of these cases. 

Materials and Methods

Patients

From May 2012 to April 2015, 1507 DTC patients’ 
radioiodine scans were retrospectively reviewed. 
Radioiodine contaminations and expected physiologic I-131 
uptakes like in the breasts or thymus were excluded from 
the study. Concomitant SPECT/CT imaging was performed 
to determine the exact anatomical localization of the 
I-131 avid foci on WBS and to exclude contaminations and 
expected physiologic I-131 uptakes. The unexpected I-131 
uptakes on WBS were determined as false-positive for DTC; 
if non-thyroid pathologies were demonstrated by SPECT/CT 
and/or radiologic imaging, or no anatomic pathologies were 
detected by concomitant SPECT/CT or further radiologic 
imagings with low serum thyroglobulin (Tg) levels and 
negative follow-up diagnostic I-131 scans. According to 
these parameters, 21 patients with 23 unexpected false-
positive I-13 uptakes were included in the study. 

Follow-up Protocol

In order to prevent thyroid remnants from stunning, 
diagnostic I-131 WBSs were not performed before the 
administration of therapeutic dose. Radioiodine therapy 
was performed according to the guideline for radioiodine 
therapy of DTC (11).  In the presence of abnormal findings 
on post-therapeutic or diagnostic I-131 WBS, concomitant 
SPECT/CT imaging was performed. Afterwards, further 
diagnostic investigations were performed in patients with 
abnormal laboratory or imaging findings and in patients 
with persistent disease, repetitive radioiodine therapies 
were administered at least 3 months after I-131 WBS.

Imaging Protocol

Planar I-131 WBS was performed in both anterior and 
posterior projections using dual-head gamma-camera 
(Infinia Hawkeye 4®, GE Healthcare) with high-energy, 
parallel-hole collimators. Continuous acquisition mode 
was used at a table speed of 8 cm/min with a 1,024x256 
matrix. The photopeak was 364 keV with a ±10% window. 
Additional images were required in case of unexpected 
iodine uptakes or accumulations that give an impression 
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Bulgular: Yirmi bir hastada 23 adet eş zamanlı SPECT/BT ile lokalize edilen, beklenmedik yanlış pozitif I-131 tutulumu saptandı. 
Bulguların büyük çoğunluğu (%87) post-terapötik TVTS’de izlendi. Yanlış pozitif tutulumların çoğunun eş zamanlı SPECT/BT 
ve radyolojik bulgular ile tiroid dışı nedenlere (bronşektazi, akciğer enfeksiyonu, gluteal yağlı dokuya subkutan enjeksiyon, 
aort kalsifikasyonu, benign kemik kisti, vertebral hemanjiom, yakın zamanlı tiroid dışı cerrahi girişim, rotator kılıf yaralanması, 
matür kistik teratom ve overde follikül kisti) bağlı olduğu anlaşıldı. Dokuz hastada ise yanlış pozitif iyot tutulumu radyolojik 
görüntüleme bulguları ile açıklanamadı. 

Sonuç: Tiroid kanserli hastalarda yanlış pozitif I-131 tutulumunun izlenebileceği ve altta yatan mekanizmaları (enflamasyon, 
kanlanma artışı, kistik lezyonda tutulum vb.) akılda tutularak, beklenmeyen I-131 tutulumlarının serum tiroglobulin düzeyi, 
SPECT/BT ve radyolojik verilerle birlikte değerlendirilerek gereksiz tedavilerin önüne geçilmesi gerektiği sonucuna varılmıştır.

Anahtar kelimeler: I-131, radyoaktif iyot, sintigrafi, SPECT/BT, tiroid, kanser
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of physiologic uptake (scanning after drinking a glass of 
water to wash out physiologic uptake in the esophagus) or 
contamination (scanning after removing the contamination 
and taking off the stained clothes). Additional spot views 
are performed using a 256x256 matrix for 5 min/view.

Imaging with SPECT/CT requires a long scanning time. 
Therefore, in our department SPECT/CT (Infinia Hawkeye 
4®, GE Healthcare) is not performed routinely. SPECT/CT 
imaging is performed for specific sites which are determined 
by a nuclear medicine physician based on the WBS and 
additional spot images. Emission SPECT images are 
acquired with a matrix size of 128x128, and the photopeak 
was 364 keV with a ±10% window. A total image of 60 
frames is acquired over 360˚ with an acquisition time of 40 
s/frame, angular step of 6, and zooming factor of 1. After 
SPECT acquisition, a CT scan is acquired for attenuation 
correction with a low-dose, 4-slice helical CT scanner. 
The CT parameters are 140 kV and 2.5 mAs. The images 
are reconstructed with conventional iterative algorithm, 
ordered subset expectation maximization and fused with 
CT images by using software (Xeleris®, GE Healthcare) for 
multiplanar reformatted image display.  

Results

Twenty-one patients with 23 unexpected false-positive 
I-131 uptakes were reviewed. The vast majority (87%) of 
unexpected findings were seen in post-therapeutic I-131 
WBS after first ablation treatment, while the rest (13%) 
were seen on diagnostic WBSs. 

The study included 21 patients with a median age of 58 
(range 28-77 years) and a female/male ratio of 2.5:1. 
Nineteen patients had papillary thyroid carcinoma while 
2 patients had follicular thyroid carcinoma. The histologic 
subtypes of papillary thyroid carcinoma were conventional 
in 10 (48%), follicular variant in 8 (38%) patients and 1 
(5%) patient had oncocytic variant of papillary thyroid 
carcinoma.

Out of the 23 unexpected findings, the number of lesions 
located in the cranial, thoracic, abdominal and pelvic regions 
were 1, 15, 1 and 6, respectively. One of the patients had 
false-positive I-131 uptakes in both the thoracic and pelvic 
regions. Also, one patient had 2 false-positive uptakes in the 
thoracic region, one of them in the lung and the other on 
the rib. The locations and possible etiologies of unexpected 
false-positive iodine uptakes are listed in Table 1.

Evaluation of the unexpected uptakes in the thoracic 
region (n=15), which was the most common region of 
false-positive I-131 uptakes in our study, revealed that 14 of 
them were focal uptakes while one was a mild and diffuse 
uptake like a thick band in the lung. On SPECT/CT images, 
5, 2, 2, 1 and 5 of the false-positive uptakes in the thoracic 
region were located in the lung parenchyma, vascular 
structures, inflamed soft tissue, anterior mediastinum and 
bones, respectively.  

Serum Tg levels of the patients with unexpected I-131 
uptakes in the lung parenchyma were low (0.3-19 ng/mL) in 
terms of lung metastasis. In two patients with focal activity 
accumulation in the lung parenchyma, it was remarkable 
that on CT images there were findings concordant with 
bronchiectasis on the same area of I-131 uptake on SPECT/
CT images (Figure 1). In 2 cases, no pathology was detected 
that could explain the I-131 uptake in the lungs. In one 
case, while there was a mild and diffuse I-131 uptake that 
was shaped like a thick band on the left lung in SPECT/CT 
images, no pathologic finding was found on this area on 
CT images (Figure 2). On inquiry, the patient had a history 
of using antibiotics due to lung infection approximately 
one month ago. The radioiodine uptake was thought to be 
secondary to the previous lung infection. 

The concomitant SPECT/CT imaging of five of the unexpected 
I-131 uptakes in the thoracic region demonstrated that 
I-131 involvements were localized to the bone. Serum Tg 
levels of these patients were low (0.3-11.9 ng/mL) for bone 
metastasis. In 4 cases, the activity accumulations were 
located to the ribs. However, no etiology that could cause 
I-131 involvement was deterrmined. Focal I-131 uptake 
of one case was located to the clavicle. This patient has 
been reported as a case-report earlier, in whom the focal 
I-131 uptake corresponded to a hypodense area in the left 
clavicle on CT images (4). An MRI revealed that the finding 
belonged to a benign lesion, a simple bone cyst.

One patient was treated with high dose I-131 because 
of multiple lung metastases with a serum Tg level of 279 
ng/mL. On post-therapeutic I-131 WBS, besides the lung 
metastases, an intense I-131 uptake was determined at 
the posterior upper zone of the right hemi-thorax (Figure 
3). SPECT/CT images demonstrated that the uptake 
was adjacent to the right scapula, and localized to skin/
subcutaneous soft tissue. Moreover, surgical sutures were 
present in this area. It was understood that the patient 
had an operation due to a soft tissue lesion adjacent to 
the scapula before radioactive iodine (RAI) treatment, the 
pathology report of that lesion was interpreted as spindle-cell 
mesenchymal tumor. Following the second RAI treatment, 
the patient had no pathologic findings on I-131 WBSs and 
no clinical complaints. At the end of 3-years of follow-up 
period, the patient still has a mildly elevated serum Tg level 
(7.5 ng/mL) with thyroid-stimulating hormone stimulation. 

Serum Tg levels of other 4 unexpected focal I-131 uptakes 
in the thoracic region were between 0.2 and 8 ng/mL. On 
SPECT/CT images, 2 of these 4 patients had focal I-131 
uptake that was in accordance with aortic wall calcification 
and one patient had focal I-131 uptake in the anterior 
mediastinum without any density change on CT images. 
The other patient had an I-131 accumulation on the left 
shoulder on planar WBS that was adjacent to the left 
humeral head on SPECT/CT images. On inquiry, it was 
learned that the patient had a history of rotator cuff tear of 
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the left shoulder. It was thought that the I-131 uptake was 
secondary to this condition.

When the unexpected uptakes in the pelvic region (n=6), 
which was the second most common region of false-positive 
I-131 uptakes in our study, were further evaluated, it was 
remarkable that all unexpected findings were identified on 
post-therapeutic scans with low serum Tg levels (0.2-4.6 
ng/dL). 

On SPECT/CT images, the I-131 uptakes of 2 patients 
correlated to the ovaries. One of these patients was operated 
due to an ovarian-origin lesion and was diagnosed with 
mature cystic teratoma without thyroid tissue. This patient 
has been presented as a case report earlier (5). In the other 
case with I-131 uptake in the ovary, an ovarian hypo-dense 
cystic area was monitored on SPECT/CT images (Figure 4). 
Pelvic ultrasound (USG) demonstrated no pathology except 
a follicle cyst and it was thought that the I-131 uptake in 
the ovary was secondary to this cystic lesion. 

Focal activity accumulation was observed in the pelvic region 
in 3 patients on posterior image of post-therapeutic I-131 
WBS (Figure 5). It was hard to distinguish those activities 
from urinary contamination, so additional planar spot 
images were obtained. If the pelvic uptakes were persistent 
then concomitant SPECT/CT imaging was performed. On 
SPECT/CT images, it was found that the uptakes were 
localized to gluteal adipose tissue and it was evident that 
they matched with old injection sites in subcutaneous fatty 
tissue on CT images. On inquiry, all 3 cases had a history of 
gluteal injections within the last 2 months. Therefore, no 
further examination was required for these patients.

On post-therapeutic I-131 WBS, a patient had focal I-131 
uptakes in the left hemithorax and posterior pelvic region. 
The patient’s serum Tg level was low (3.7 ng/dL) for 
metastasis. The thoracic radioiodine uptake corresponded 
to the rib, and no pathologic finding was found on 
CT images. The uptake in the posterior pelvic region 
corresponded to the fifth lumbar vertebra on SPECT/CT. 

Table 1. Localization sites and possible etiologies of false positive I-131 uptakes

Patient 
no

I-131 WBS (post-
therapeutic/diagnostic)

SPECT/CT 
region

Localization of unusual 
I-131 uptake

Tg* 
(ng/mL)

Follow-up 
Tg** (ng/mL)

Etiology

1 Post-therapeutic Thoracic Soft tissue 3.2 <0.2 Rotator cuff injury

2 Post-therapeutic Thoracic Soft tissue 279 7.5 Inflammation after surgery

3 Post-therapeutic Thoracic Vascular structure 8 <0.2 Aortic calcification

4 Post-therapeutic Thoracic Vascular structure 1.4 <0.2 Aortic calcification

5 Post-therapeutic Thoracic Mediastinum 0.2 <0.2 Undetermined

6 Post-therapeutic Thoracic Lung 0.3 <0.2 Bronchiectasis

7 Post-therapeutic Thoracic Lung 10 <0.2 Bronchiectasis

8 Post-therapeutic Thoracic Lung 8 0.7 Lung infection

9 Post-therapeutic Thoracic Lung 19 1.9 Undetermined

10 Diagnostic Thoracic Lung 0.3 <0.2 Undetermined

10 Diagnostic Thoracic Bone-rib 0.3 <0.2 Undetermined

11 Post-therapeutic Thoracic Bone-rib 11.9 1.0 Undetermined

12 Post-therapeutic Thoracic Bone-rib 3.4 <0.2 Undetermined

13 Post-therapeutic Thoracic Bone-clavicle 2.4 <0.2 Benign bone cyst

14 Post-therapeutic Thoracic Bone-rib 3.7 0.3 Undetermined

14 Post-therapeutic Pelvic Bone-vertebrae 3.7 0.3 Vertebral hemangioma

15 Post-therapeutic Pelvic Soft tissue 0.2 <0.2 Subcutaneous injection site

16 Post-therapeutic Pelvic Ovary 1.4 <0.2 Mature cystic teratoma

17 Post-therapeutic Pelvic Ovary 7.2 <0.2 Follicle cyst

18 Post-therapeutic Pelvic Soft tissue 2.2 <0.2 Subcutaneous injection site

19 Post-therapeutic Pelvic Soft tissue 0.6 <0.2 Subcutaneous injection site

20 Post-therapeutic Abdominal Soft tissue 5.2 <0.2 Undetermined

21 Diagnostic Head Bone-calvarium 0.5 0.2 Undetermined

*Serum thyroglobulin level at false positive uptake on I-131 WBS, **Serum thyroglobulin level at follow-up I-131 whole body scan.
WBS: Whole body scan, SPECT/CT: Single photon emission computed tomography/computed tomography, Tg: Thyroglobulin
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On MRI images there was a hyper-intense lesion on T1 and 
T2-weighted sequences in accordance with hemangioma in 
the fifth lumbar vertebra.

In a patient with a focal I-131 uptake on the right abdominal 
region, the uptake was found to correlate with soft tissue 
at the intercostal area adjacent to the liver on SPECT/CT 

images. However, no etiology that can explain I-131 uptake 
could be detected by abdominal CT or USG. 
During diagnostic I-131 WBS of one patient, focal activity 
accumulation was identified in the cranium on posterior 
planar image. On SPECT/CT, an activity was detected at 
the right parieto-occipital area. There wasn’t any density 
change on CT images. No etiology could be found by 2 
cranial MRs obtained with an interval of 6 months. 

Figure 1. There was I-131 uptake at the lower zone of the right hemithorax 
on the anterior image of post-therapeutic I-131 whole body scan (A, 
arrow). The focal activity accumulation in the lung parenchyma on fused 
single photon emission computed tomography/computed tomography 
(CT) image (B), and findings on CT images (C, D) were concordant with 
bronchiectasis. The diagnostic I-131 scan (E) did not reveal any pathologic 
uptake and the serum thyroglobulin level was low (<0.2 ng/mL)

Figure 3. An intense I-131 uptake was identified at the upper zone of 
the right hemithorax (arrow) on posterior image of post-therapeutic I-131 
whole body scan (A) in addition to lung metastasis. On axial computed 
tomography (CT) (B) and fused single photon emission computed 
tomography (SPECT)/CT images (C), the finding was adjacent to the right 
scapula, and localized to the skin/subcutaneous soft tissue. In addition, 
on coronal CT (D) and SPECT/CT images (E) surgical sutures related to 
a non-thyroidal soft tissue excision prior to radioiodine treatment were 
detected. On follow-up I-131 scan (F) there wasn’t any pathologic uptake 
but the patient still had a mildly elevated serum thyroglobulin level (7.5 
ng/mL) with thyroid-stimulating hormone stimulation

Figure 2. A mild diffuse I-131 uptake at the lower zone of the left 
hemithorax (arrow) was seen on posterior image of post-therapeutic 
I-131 whole body scan (A) in addition to residual thyroid tissue. The 
uptake in the left lung parenchyma was shaped like a thick band that 
could be compatible with the trajectory of a previous lung infection that 
was detected on fused single photon emission computed tomography/
computed tomography images (B), and no pathologic finding was found 
on this area on computed tomography images (C). On diagnostic I-131 
scan (D) there wasn’t any pathologic uptake and the serum thyroglobulin 
level was low (0.7 ng/mL)

Figure 4. On anterior image of post-therapeutic I-131 whole body scan (A), 
in addition to residual thyroid tissue, there was a focal I-131 accumulation 
over the left side of the bladder (arrow). Fused single photon emission 
computed tomography/computed tomography (CT) image (B) showed 
that the I-131 uptake was localized to the left ovary and a hypodense 
cystic area in the left ovary was identified on CT image (C). The follow-
up diagnostic I-131 scan (D) was normal and the thyroglobulin level was 
undetectable (<0.2 ng/mL)
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Tg values were determined during follow-up diagnostic 
I-131 WBS in all cases, and varied between <0.2 and 1.9 
ng/mL except the case with lung metastasis (stimulated Tg: 
7.5 ng/mL, unstimulated Tg <0.2 ng/mL). There was no 
pathologic finding on diagnostic I-131 WBSs, and patients 
are being followed-up for 1-3 years as disease-free. All of 
the patients’ unstimulated Tg levels remain low (0.2 ng/
mL).

Discussion

Sodium iodide symporter expression is one of the well-
known mechanisms that is responsible for RAI uptake in 
tissues. The physiologic I-131 uptake in the thymus, breast, 
salivary gland and gastrointestinal system in addition to 
the thyroid tissue is explained with this mechanism. In 
addition, false-positive uptake might be encountered in 
I-131 WBSs by mechanisms such as metabolism of I-131-
labeled thyroid hormones (liver uptake), retention and 
contamination of physiologic secretions and body fluids 
containing radioiodine (saliva, tears, sweat, urine, blood, 
exudate, transudate, gastric and mucosal secretions, etc.), 
uptake and retention of radioiodine in inflamed tissues. 
Nevertheless, mechanism of the uptake of activity observed 
in a group of patients is not completely understood yet 
(8,9). 

Increased perfusion and vasodilation, and enhanced 
capillary permeability in pulmonary infections are suggested 
to cause I-131 accumulation (8). Although rare, false-
positive I-131 uptake secondary to active or inactive lung 

infections has been reported in the literature (12,13). Also, 
in this study, an accumulation of activity that was attributed 
to infection was observed in a patient with a previous 
history of lung infection. 

Accumulation of bronchial secretions in bronchiectasis 
causes I-131 uptake (8). Focal I-131 accumulations that might 
be confused with lung metastasis due to bronchiectasis had 
been reported in the literature (14,15). Also, observation 
of activity accumulation in the bronchiectasis area in 2 
patients in this study supports this finding. 

To identify the exact localization of an uptake site on 
planar I-131 WBS is difficult due to the lack of anatomic 
landmarks. SPECT/CT, the hybrid imaging modality that 
combines SPECT scan with CT scan, is very useful to 
determine the exact anatomic location of the I-131 avid 
foci that is detected on I-131 WBS. Further imaging 
modalities are usually required to explain unexpected I-131 
uptakes. CT component of the hybrid imaging improves the 
planar data interpretation by offering the opportunity to 
differentiate between abnormal and physiologic structures. 
Sometimes low dose CT component of SPECT/CT imaging 
helps to diagnose the underlying pathology. Maruoka et 
al. (16) reported that the interpretation was altered to be 
physiologic or benign uptake in 38% of patients with the 
addition of SPECT/CT. Also SPECT/CT imaging helps for 
choosing the optimal imaging modality (USG, MRI, contrast 
enhanced CT, etc.) if the CT component fails to determine 
the underlying etiology of an uptake site. 

Three patients with I-131 uptake in the gluteal fatty tissue 
had a recent history of gluteal injection. This finding was 
thought to be secondary to the probable inflammation due 
to injection into the fatty tissue instead of the intramuscular 
area. False-positive I-131 uptake has been reported in 
the literature in the gluteal fatty tissue secondary to a 
granuloma due to foreign material (17).  

Post-therapeutic imaging of the patient with a history of 
partial rotator cuff tear, and of the patient who received 
RAI following a previously performed surgery for a skin 
lesion suggested that transudate and inflammation that 
were produced due to tissue injury might be the possible 
etiology of the false-positive radioiodine uptake. 

The etiology of focal I-131 uptake in the area of an aortic 
wall calcification is not entirely known.  A false-positive 
uptake of I-131 has been reported in a case with aortic 
aneurysm in the literature (18). The aorta diameter was 
normal in the case presented herein, and this finding was 
thought to be secondary to atherosclerosis and a possible 
inflamed plaque corresponding to this area.  

The incidence of vertebral hemangiomas is reported 
as approximately 11%, more frequently in the thoracic 
vertebrae in autopsy series. In this present study, the 
I-131 uptake in the lumbar vertebrae on SPECT/CT 
images in one case was compatible with a hemangioma 
as detected by MRI. The I-131 uptake in hemangiomas is 

Figure 5. On posterior image of post-therapeutic I-131 whole body 
scan (A), in addition to residual thyroid tissue, there was a mild focal 
I-131 accumulation in the pelvic region (arrow). On axial computed 
tomography (CT) (B) and fused single photon emission computed 
tomography (SPECT)/CT (C) images, it was clear that the activity was 
located in the posterior gluteal soft tissue and there were density changes 
in the fatty tissue due to previous subcutaneous injections. The follow-up 
diagnostic I-131 scan (D) was normal and the thyroglobulin level was 
undetectable (<0.2 ng/mL)
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attributed to intravascular blood pooling and enhanced 
capillary permeability. A thoracic focal activity uptake in the 
posterior planar image secondary to a hemangioma has 
been previously reported in the literature (19). 

In our study, ovarian I-131 accumulation was observed in 
2 patients. One of them was diagnosed with mature cystic 
teratoma and has been previously reported as a case report 
(5). The other patient had no pathology except an ovarian 
follicle cyst. Functional follicle cysts have been reported 
to demonstrate I-131 accumulation in the literature (20). 
Also, there are several studies published in the literature 
reporting false-positive I-131 accumulation in cystic 
structures (7,8,21,22). Radioiodine enters cysts by passive 
diffusion and is trapped in the cyst (8). In this paper, a case 
with I-131 accumulation due to a benign bone cyst in the 
clavicle is also included, who has been previously reported 
(4).  

In this study, the possible etiology of 9 false-positive I-131 
uptakes in 8 patients remained unclear. I-131 uptakes 
in the remaining patients were mostly associated with 
inflammation. The radioiodine uptakes in the undetermined 
group were thought to be secondary to inflammation that 
could not be demonstrated by radiologic findings. This 
might be explained by recovery of the possible temporary 
and mild inflammation within the time period between 
radioiodine uptake and further radiologic examination (<4 
weeks). 

Evaluation of false-positive uptake in the neck area 
is important since it may be confused with residual 
thyroid tissue or metastatic lymph nodes. However, the 
contribution of adequate patient history (presence of 
metastatic disease, serum Tg values, findings of previous 
imaging studies and etc.) obtained from the clinician 
is very helpful on the evaluation of I-131 WBSs. SPECT/
CT examination has significant importance to prevent 
unnecessary examinations and treatment, if available for 
the evaluation of unexpected radioiodine uptake.  

The importance of prevention of unnecessary treatments 
has also been emphasized in the literature, by taking false-
positive uptake rates and laboratory findings (Tg), clinical 
and imaging data into consideration in addition to I-131 
WBS findings of a particular patient (6,14,23). 

Conclusion

Unexpected radioiodine uptake secondary to various extra-
thyroidal reasons (inflammation, increased blood supply, 
trapping in the cystic lesion, etc.) should be kept in mind 
while interpreting I-131 WBSs, especially in post-therapeutic 
scans due to the higher dose applied. In patients with 
notably discordant clinical and laboratory data, accurate 
localization of radioiodine uptake is important. At this 
point, SPECT/CT imaging is the method of choice to both 
localize the unexpected foci and aid differential diagnosis. 
It is concluded that the unexpected finding should be 

enlightened by using different imaging models (MRI, USG, 
etc.) according to the specifications of the tissue thus 
preventing unnecessary treatment.
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Öz
Amaç: Radyasyon pnömonisi (RP) radyoterapinin (RT) yan etkisi olarak görülebilir ve planlanmış olan radyasyon dozunun 
uygulanmasını engelleyebilir. Sıklıkla akciğer karsinomu için uygulanan RT’ye bağlıdır ancak meme kanseri ve mediastinal 
lenfoma için uygulanan RT ile de oluşabilir. Son zamanlarda pozitron emisyon tomografi/bilgisayarlı tomografi (PET/BT), 
RP’nin erken tanısı için kullanılmaktadır. Bu çalışmanın amacı RP şüphesi olan hastalarda tanısal PET/BT uygulamasının ilk 
verilerini özetlemek ve RP’yi erken nüks ve/veya rezidü tümörden ayırt etmede kullanılabilecek kriterler oluşturmaktır. 
Yöntem: Bu çalışmaya RP ile uyumlu metabolik (PET) ve anatomik (BT) değişiklikleri olan 23 hasta dahil edilmiştir. Buna ek 
olarak RT almamış 20 hastanın akciğer parankiminde metabolik aktiviteyi (SUV

max
) değerlendirdik. 

Objectives: Radiation pneumonitis (RP) can be an adverse complication of radiotherapy (RT) and can limit the application of 
the already planned radiation dose. It is often associated with RT of lung carcinoma and is occasionally caused by radiation 
therapy of breast carcinoma and lymphomas located in the mediastinum. Positron emission tomography/computed 
tomography (PET/CT) emerges lately as a prospective modality for early diagnostics of RP. The aim of this study was to 
summarize the initial data from diagnostic application of PET/CT in patients suspicious of RP and to derive criteria, which can 
help differentiate RP from early recurrence of the disease and/or residual tumor. 
Methods: The current study included 23 patients who had metabolic (PET) and anatomical (CT) changes consistent with RP. 
We additionally defined metabolic activity (SUV

max
) in the lung parenchyma of 20 patients without RT. 

Results: All patients had increased metabolic activity in the lung parenchyma involved in the irradiated area with a mean 
SUV

max
 3.45 (ranging between 1 and 7.1). The control group had a physiological background metabolic activity-SUV

max
 0.61 

+/- 0.11. 
Conclusion: Metabolic changes in patients suspicious of RP involved diffusely increased metabolic activity coinciding with the 
anatomical changes in the irradiated area. Three out of 23 patients had a proven recurrence of the primary neoplastic process 
in the irradiated area. The metabolic changes in those patients involved an increase in metabolic activity at follow-up or lack of 
tendency towards normalization after chemotherapy, which implied the existence of viable tumor cells. Our initial experience 
in the diagnostic application of 18F-FDG PET/CT in patients suspicious of RP allows us to summarize the following: PET/CT is 
a reliable imaging modality in the diagnostics of RP. Through its sequential use, we can differentiate inflammatory changes 
related to RP from early recurrence of the primary neoplastic process. 
Keywords: 18F-FDG PET/CT, radiation pneumonitis, radiotherapy, hybrid imaging
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Introduction

Radiation pneumonitis (RP) is an unfavorable complication 
that sometimes limits the course of radiotherapy (RT). It 
is most commonly associated with radiation therapy for 
lung cancer, and less frequently with other tumors such 
as breast cancer and mediastinal lymphoma, respectively 
in about 5-50%, 5-10%, and 1-5% of the cases (1,2). RP 
is an inflammatory reaction in the affected area of the 
pulmonary parenchyma. The acute stage is observed 
most frequently from 6 to 12 weeks after RT and 
symptoms include cough, shortness of breath, fever and 
changes in pulmonary function (3,4,5,6,7). Its chronic 
form occurs most often in the span of 6 to 12 months 
and can last up to 2 years after RT, a process associated 
with the development of fibrosis (8,9,10,11,12,13,14,15). 
Frequency and severity depend on a number of parameters, 
such as age, irradiated area, radiotherapeutic regimen, 
administered cumulative dose - most often at values 
above 20 Gray and almost always at doses above 40 Gray, 
as well as previous or concomitant chemotherapy. All of 
the above mentioned factors may increase drastically 
the effect of RT (4,11,12,15,16,17,18,19,20). Changes, 
attributed to RP and visualized by computed tomography 
(CT), are also divided into early and late ones, respectively, 
acute inflammatory reactions including matt glass type/
infiltrative parenchymal changes and late or chronic ones 
(most of the cases) resulting in fibrosis (21,22). The loss of 
local pulmonary blood perfusion, characteristic of RP, can 
be visualized and quantified by conventional scintigraphy, 
but this method lacks sufficient specificity (23). 
18F-FDG positron emission tomography (PET)/CT, a more 
recent and promising approach for early diagnostics and 
monitoring of patients with RP, offers a possibility for 
visualization of metabolic changes. Since they appear 
earlier than anatomical ones, detected by CT, it de facto 
improves the diagnostic algorithm (24,25).
The aim of this study is to summarize our initial data on 
the use of 18F-FDG PET/CT in the diagnostics of patients 
with parenchymal changes attributed to RP and to derive 
criteria for its differentiation from early recurrence, residual 
tumor tissue and/or metastatic lesions, thus helping us to 
discriminate better between inflammatory and neoplastic 
processes.

Materials and Methods

This retrospective study includes 23 (n=23) patients who 
underwent RT in the thoracic area involving the parenchyma 
of the lung, and showed computer-tomographic data of RP 
between 2012 to 2016 in two university hospitals located 
in Sofia, Bulgaria. Their age range was 42-80 years (mean 
62 and median 61 years). A control group comprised of 
23 patients without pulmonary disease and/or neoplastic 
process in the thoracic area who did not undergo RT, was also 
evaluated. Of the patients with parenchymal and metabolic 
changes, 19 were women and 4 were men. Seven of them 
had lung cancer, 3 had Hodgkin’s lymphoma, 12 had breast 
carcinoma, and 1 had carcinoma of the submandibular gland 
and mediastinal lymphatic metastases. In 13/23 patients, 
serial PET/CT (pre-and post-RT) studies were performed-in 
9 of the patients before and up to 6 months after RT and 
in 4 of the patients before and after 6 months post-RT. The 
remaining 10 patients underwent a single 18F-FDG PET/CT 
study up to- or over 6 months after completion of RT. The 
total radiation dose administered in patients suspected of 
RP varied between 20-60 Gray. 19/23 of the patients had 
chemotherapy prior to or concomitant with RT-the type of 
which depended on the histology, location and stage of the 
disease. 16/23 of the patients underwent 3D conformal 
RT (linear accelerator), 1 underwent intensity modulated 
radiation therapy (IMRT) linear accelerator and the 
remaining 6 patients underwent 2D conformal RT (using a 
Co-60 source)-data is summarized in Table 1. 18F-FDG PET/
CT studies were conducted according to the European 
Association of Nuclear Medicine guidelines and included a 
whole body PET and CT scan performed approximately 60 
minutes after intravenous injection of 18F-FDG with activity 
of up to 3 MBq/kg per patient. The CT part of the study 
was conducted on a 16 slice computer tomography. The 
quantitative accumulation of 18F-FDG was measured with 
the standardized accumulation ratio of SUV

max
.

Declaration of informed consent was signed by all patients 
stating that they give their full consent for their data to be 
used in scientific publications-above all it is a retrospective 
study of procedures already approved and executed.
Informed consent was obtained from each patient prior to 
PET/CT scanning procedure. The written document stated 
that the patient agrees her or his personal information as 
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Bulgular: Tüm hastalarda radyasyon uygulanmış alanlarda akciğer parankiminde metabolik aktivite artmıştı (ortalama SUV
max

 
3,45, aralık 1-7,1). Kontrol grubunda fizyolojik metabolik aktivite mevcuttu (SUV

max
 0,61 +/- 0,11). 

Sonuç: RP şüphesi olan hastalardaki metabolik değişiklikler anatomik olarak radyasyon uygulanmış alanlara denk gelen diffüz 
artmış metabolik aktiviteyi içermekteydi. Yirmi üç hastanın üçünde bu bölgede primer neoplastik sürecin kanıtlanmış nüksü 
vardı. Bu hastalardaki metabolik değişiklikler arasında, canlı tümör hücrelerinin varlığını ima eder şekilde, takip sürecinde 
metabolik aktivitede artış ya da kemoterapi sonrası normale dönme eğiliminin olmaması bulundu. RP şüphesi olan hastalarda 
18F-FDG PET/BT’nin tanısal uygulamasında ilk deneyimlerimiz doğrultusunda PET/BT’nin RP tanısında güvenilir bir görüntüleme 
yöntemi olduğu sonucuna vardık. Sürekli kullanımı ile RP’ye bağlı enflamatuvar değişiklikleri primer neoplastik sürecin erken 
nüksünden ayırt edebiliriz. 
Anahtar kelimeler: 18F-FDGPET/BT, radyasyon pnömonisi, radyoterapi, hibrid görüntüleme
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well as results from the scanning procedure be used in 
scientific studies and surveys. 

Results

All 23 patients had increased metabolic activity in the 
lung parenchyma involved in the RT field with a mean 
metabolic activity of SUV

max
 of 3.36 (+/- 1.7). Patients from 

the control group had physiological background metabolic 
activity with a mean SUV

max
 of 0.61 (+/- 0.07). In 16/23 

of the patients (70%), CT changes included limited areas 
of consolidated lung tissue (interpreted as fibrosis). In the 
remaining 7/23 patients (30%) infiltrative and/or matt glass 
type changes were observed. Infiltrative/matt glass type 
CT changes were also characterized by a higher metabolic 
activity seen on the PET study, and were observed in 
patients studied up to 6 months after RT (Figure 1A, 1B). 
In 3/23 of the patients followed up serially with PET/CT 

after RT and chemotherapy, the higher metabolic activity 
persisted. Mean SUV

max
 remained at a mean value of 3.5 

(+/- 0.8), and did not decrease (showed no trend towards 
decrease) to the background metabolic activity of the 
controls. Subsequently, those 3 cases were diagnosed with 
recurrence (Figure 2A, 2B).

Discussion

According to recent studies, RP is becoming less and less 
frequent, mainly due to technological advances in RT and 
the increasing knowledge of its etiology (26,27). However, 
it still remains as a complication that may interfere with 
quality of life in cancer patients. More importantly, it can 
limit the application of the proper radio-therapeutic dose 
(28). Early and adequate diagnostics with 18F-FDG PET/
CT hybrid imaging allows eventual modification of the RT 
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Table 1. Includes patients’ age, sex, primary malignancy, area involved in radiotherapy, fraction, cumulative dose, radiation 
techniques used
Number Patient Diagnosis Area involved	 Fraction/

Gray
Total/
Gray

Radiation 
technique

1 М, 80 Lung carcinoma Lymph nodes-tracheal bifurcation 2 60 3D conformal

2 F, 54 Breast carcinoma Left supraclavicular region, left breast 2 60 3D conformal

3 М, 58 Hodgkin lymphoma Mediastinal lymph nodes 1.8 30.6 3D conformal

4 F, 74 Breast carcinoma Thoracic wall, left breast, supraclavicular 
region, left axilla

2 50 2D conformal Co-60

5 F, 42 Breast carcinoma Right breast, parasternal, supraclavicular and 
axillary region

2 50 2D conformal Co-60

6 F, 57 Breast carcinoma Left thoracic wall, left supraclavicular region 2 50 3D conformal

7 F, 72 Breast carcinoma Left thoracic wall 2 50 2D conformal Co-60

8 F, 45 Lung carcinoma Right thoracic wall 2 60 IMRT

9 F, 73 Breast carcinoma Right thoracic wall 2 50 3D conformal

10 F, 59 Lung carcinoma Left lung 3 30 2D conformal Co-60

11 F, 77 Breast carcinoma Right thoracic wall 2 50 2D conformal Co-60

12 F, 58 Breast carcinoma Right thoracic wall 2 50 2D conformal Co-60

13 M, 64 Carcinoma of 
submandibular gland

Mediastinal lymph nodes 2 50 3D conformal

14 F, 67 Breast carcinoma Left breast 2 50 3D conformal

15 F, 65 Lung carcinoma Mediastinum 3 30 3D conformal

16 F, 56 Breast carcinoma Right thoracic wall 2 50 3D conformal

17 F, 46 Hodgkin lymphoma Mediastinum 2 20 3D conformal

18 F, 55 Hodgkin lymphoma Mediastinum 2 30 3D conformal

19 F, 63 Lung carcinoma Lung 2 60 3D conformal

20 F, 64 Lung carcinoma Lung 2 60 3D conformal

21 F, 57 Breast carcinoma Right breast 2 50 3D conformal

22 F, 61 Breast carcinoma bilateral Right supraclavicular region 2 50 3D conformal

23 F, 72 Lung carcinoma Mediastinum 2 60 3D conformal

F: Female, M: Male
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protocol and, if necessary, initiation of an adequate therapy, 
in order to prevent chronic disease. On the other hand, this 
method also allows for visualization of early recurrence and 
differentiation from RP, if performed sequentially (29).

Hicks et al. (30) described the characteristic PET/CT changes 
in 2004, as an increased 18F-FDG accumulation that is the 
result of an active metabolic process, due to inflammatory 
post-radio-therapeutic changes. These changes were later 
characterized and quantified by Guerrero et al. (31) and 
defined on a scale of 0 to 3, with a linear relationship 
between radiation dose and metabolic activity of 18F-FDG 
in the involved lung parenchyma. However, in each of the 
studied patients, this metabolic response varies significantly 
depending on location, timing (i.e. concomitant or prior 
to radiation) as well as chemotherapy and RT regimen 
(4,20). However, these changes vary significantly between 
patients, depending on: location of the neoplastic process, 
presence of concurrent or sequential chemotherapy and 
type of radiation technique (4,20). The summary of the 
data in Table 1 is important since it gives an overview of the 
types of applied radiation techniques a significant part of 

the studied population, for example, (6/23 patients were) 
was treated in a 2D conformal technique with a Co-60  
(Cobalt 60) teletherapy on a Co-60  unit in a 2D mode 
The majority of patients (16/23) was were treated with 
a linear accelerator in a 3D mode (conformal technique) 
and only one patient (1/23) underwent IMRT (3D mode-
linear accelerator). The cumulative radiation dose exceeded 
20 Gray in almost everyone in our patient group, a factor 
which contributes to the development of pulmonary 
injury (as stated previously) (4,9). Several studies have 
reported the benefits of significantly lower toxicity in the 
surrounding tissue after 3D radiation planning using a linear 
accelerator vs. 2D planning techniques (in the case of Co-
60  unit) (32,33). IMRT is even superior to the previous two 
(2D and 3d conformal techniques) in terms of pulmonary 
toxicity (34). This, we consider, is one of the reasons for 
the higher prevalence of inflammatory and metabolically 
active changes involving the lung, in our relatively small 
group of patients. Instead of concentrating on the various 
reasons etiology of RP, we decided to investigate what 
part of those changes -1486260889 were as associated 
with inflammation and what part represented recurrence/
metastatic spread of the main neoplastic process. After 

Krassenov Demirev et al. 18F-FDG PET/CT in Radiation Pneumonitis

Figure 1. A) Metabolically active parenchymal changes located in 
the upper left lobe of the lung apex-the study was conducted up to 
6 months after completion of radiotherapy (upper row). B) Follow-
up study conducted 6 months after completion of radiotherapy-no 
significantly increased metabolic activity in the lung parenchyma along 
with anatomical changes that almost completely resolved-evidence of the 
inflammatory nature of the changes (bottom line)

Figure 2. A) focal zone of increased metabolic activity in the left lobe 
parenchyma-visualized 14 months after completion of radiotherapy 
(upper row). B) shows significantly increased metabolic activity in the 
area seen on the previous study, the study was performed 20 months 
after completion of radiotherapy-subsequently, disease recurrence was 
diagnosed (bottom line)

1B

1A 2A

2B
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quantification of the metabolic activity in the irradiated 
lung and its comparison to normal pulmonary tissue, we 
were able to show that there is a statistically significant 
difference between the two (p<0.0001 - unpaired t-test). It 
was important to determine the physiological background 
metabolic activity of the lungs in order to derive criteria 
for the differentiation of recurrence from inflammation. 
In patients with confirmed disease recurrence, changes 
involved increased metabolic activity or lack of tendency 
towards normalization long after the completion of RT and 
chemotherapy due to the presence of vital tumor cells, 
a trend also observed by other authors (31). Metabolic 
changes attributed to pneumonitis also involved diffuse 
metabolic activity overlapping with the irradiated area. 
On the contrary, alterations consistent with recurrence 
were characterized by focal metabolic activity against a 
background of consolidated/fibrotic changes (showing 
no significant increase in size or anatomic change on CT 
images) not entirely overlapping with the involved/irradiated 
area of the lung. Based on our initial diagnostic experience, 
we recommend that all patients with increased metabolic 
activity in the area of the involved/irradiated volume of 
the lung should be followed-up by serial 18F-FDG PET/CT 
in 3 to 6 months, in order to detect early recurrence and 
initiate adequate and timely therapy. Several other authors 
also offer the same diagnostic and follow-up strategy along 
with verification of these findings (31).

Conclusion

Based on our initial experience with PET/CT in patients with 
parenchymal changes attributed to RP, we concluded that 
this modality is adequate and reliable in such circumstances. 
Its implementation in the follow-up process can help 
discriminate between early recurrence of the neoplastic 
process and inflammatory processes. 
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Basit Bir Yöntem Olan Gastro-özefageal Reflü Sintigrafisi ile Özefagus Hastalığı ve Pulmoner
Komplikasyonların Değerlendirilmesi 

Abstract
Objectives: Gastro-oesophageal reflux disease (GORD) is both common and troubling with a prevalence of 20-40%. We 
assessed the utility of a scintigraphic reflux study to evaluate the oesophageal and extra-oesophageal manifestation of disease 
compared to the standard tests such as pH monitoring and manometry.
Methods: Patients were recruited into a prospective database of referrals to a tertiary referral center for either resistance 
to maximal medical therapy or extra-oesophageal symptoms of GORD. Data included 2 channel 24-hour pH monitoring and 
manometry results, as well as scintigraphic reflux data with late images assessing pulmonary aspiration of refluxate.
Results: Study population included 250 patients (155 F, 95 M) with an average age of 60 years. Patients were clinically 
classified as either GORD (n=72) or laryngopharyngeal reflux (LPR) (n=178). Pulmonary aspiration of the refluxate was 
detected significantly more commonly in LPR patients (58/178 compared with GORD 10/72). Strong correlations were found 
between the scintigraphic time-activity curves in the upper oesophagus and pharynx, and ineffective oesophageal motility 
and pulmonary aspiration. pH studies correlated with the scintigraphic studies but did not predict aspiration similar to other 
modalities when evaluated by ROC analysis. 
Conclusion: Scintigraphic reflux studies offer a viable alternative test for GORD and extra-oesophageal manifestations of reflux 
disease. Strong correlations were found between measurable scintigraphic parameters and oesophageal motility and lung 
aspiration of refluxate. This may provide a more confident decision analysis in patients being considered for fundoplication 
for troubling extra-oesophageal symptoms.
Keywords: Gastro-esophageal, reflux, scintigraphy, manometry, aspiration, pulmonary

Öz
Amaç: Gastro-özofageal reflü (GÖR) hastalığı %20-40 arası prevalansı ile sık görülen bir sorundur. Bu çalışmada hastalığın 
özofageal ve özofagus dışı belirtilerini değerlendirmek için sintigrafik reflü testinin yararını inceleyerek bunu pH monitorizasyonu 
ve manometri gibi standart testlerle karşılaştırdık. 

Benchmarking of a Simple Scintigraphic Test for Gastro-oesophageal 
Reflux Disease That Assesses Oesophageal Disease and Its Pulmonary 
Complications
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Introduction

Gastro-oesophageal reflux disease (GORD) is a common 
and troubling problem that has a prevalence of 20-40% in 
its various complex manifestations (1). Variability depends 
on the criteria utilized in the definition and has now been 
expanded to “a condition that develops when the reflux of 
stomach contents causes troublesome symptoms and/or 
complications” (Montreal definition, 2006) (2). A problem 
with the definition is that it encompasses many non-specific 
symptoms and requires confirmation by endoscopy or the 
application of a therapeutic trial with a clinical response 
to confirm the diagnosis. Endoscopy is necessary to 
confirm the presence of esophagitis and exclude sinister 
pathology. Even so, endoscopy will miss a high proportion 
of uncomplicated GORD (>50%) and between 25% and 
40% of patients will remain unresponsive or refractory to 
such clinical trials (3). 

These circumstances have led to the requirement for 
invasive testing such as 24-hour pH monitoring, manometry 
and impedance reflux measurements. Such testing will 
fundamentally assess the presence of acidic reflux, lower 
oesophageal sphincter (LOS) pressures/oesophageal 
clearance or non-acid reflux, respectively (4). However, 
the blind spot of these tests is in assessment of the 
extra-esophageal manifestations of reflux such as cough, 
recurrent sinusitis, laryngitis or chronic recurrent chest 
symptoms, particularly in those subgroups who experience 
silent (or non-heartburn) GORD. Laryngopharyngeal reflux 
(LPR) and lung aspiration of refluxate are dangerous 
complications that often occur in the absence of 
oesophagitis or its primary symptom, heartburn (5). LPR 
complications have been reported in numerous publications 
and have been succinctly summarized by Koufman et al 
(5). These complications include laryngeal carcinoma, vocal 
cord nodules, laryngospasm and subglottic stenosis.

While there have been a number of scintigraphic reflux 
studies in the past (6,7,8), there has been no general 
acceptance of the technique due to the variability in 
technique and inconsistent results. We have validated 

(9) and present a simple modification of the existing 
scintigraphic reflux testing and benchmark the findings 
against the current reference standards such as 24-hour 
pH monitoring and manometry. The comparison with 
impedance will be reported separately. We hypothesized 
that scintigraphic reflux testing is capable of assessing 
both the presence of oesophageal disease and its extra-
oesophageal manifestations with good correlation with 
existing testing regimens. 

Materials and Methods

Population and Clinical Data

A database of patients with either proven or suspected 
GORD/LPR [approved by the Institutional Ethics Committee 
(LNR/12 CRGH/248)] was maintained prospectively. Patients 
being investigated for suspected GORD/LPR disease with 
pH/manometry studies was extracted from the database. 
Patients were chosen for the study if they had mainly upper 
respiratory tract symptoms that remained undiagnosed 
after 8 weeks of investigation by appropriate specialists and 
classified according to the reflux symptom index criteria of 
Belafsky et al (10). Major upper respiratory tract symptoms 
documented included cough, sore throat, recurrent throat 
clearing, voice change, laryngospasm, aspiration, globus 
and regurgitation. A history of heartburn, regurgitation and 
dysphagia was routinely elicited. All patients had severe 
symptoms that were resistant to high-dose proton-pump 
inhibitor therapy and had been referred for consideration 
of fundoplication. Scintigraphy was used to prospectively 
evaluate extra-oesophageal refluxate and the possibility of 
pulmonary aspiration of refluxate. This is therefore a highly 
selected group of patients with a strong pre-test probability 
of GORD causing LPR. A large proportion had a long 
history of undiagnosed upper respiratory tract symptoms 
and were studied by scintigraphy in order to evaluate the 
possibility of reflux disease as a causation. Clinical data was 
prospectively collected using a standardized proforma and 
entered into a database.

Yöntem: Maksimal medikal tedavi veya GÖR özofagus-dışı belirtiler nedeniyle üçüncü basamak bir referans merkezine 
yönlendirilmiş hastalar prospektif veri tabanında toplandı. İki kanal 24-saat pH monitorizasyonu ve manometri sonuçları ile 
reflüksatın pulmoner aspirasyonunu değerlendiren geç görüntülerin dahil edildiği sintigrafik reflü verileri saptandı. 
Bulgular: Çalışmaya ortalama 60 yaşında 250 hasta (155 K, 95 E) dahil edildi. Hastalar klinik olarak ya GÖR (n=72) ya da 
laringofaringeal reflü (LPR) (n=178) olarak ikiye ayrıldı. Reflüksatın pulmoner aspirasyonu LPR hastalarında GÖR hastalarına 
göre anlamlı olarak daha sık saptandı (58/178’e vs. 10/72). Üst özofagus ile farinkste sintigrafik zaman-aktivite eğrileri 
arasında ve inefektif özofageal motilite ve pulmoner aspirasyon arasında ciddi korelasyon saptandı. pH testleri sintigrafik 
incelemelerle uyumlu idi ancak diğer incelemeler gibi ROC analizi ile değerlendirildiğinde sintigrafi de aspirasyonu öngöremedi. 
Sonuç: Sintigrafik reflü incelemeleri GÖR ve reflü hastalığının özofagus dışı belirtileri için yararlı bir alternatif testtir. Ölçülebilir 
sintigrafik parametreler ile özofagus motilitesi ve reflüksatın akciğer aspirasyonu arasında ciddi korelasyon saptanmıştır. Bu 
inceleme, özofagus dışı semptomu olan ve fundoplikasyon için değerlendirilen hastalarda ilgili karar verme sürecine katkı 
sağlayabilir. 
Anahtar kelimeler: Gastro-özofageal, reflü, sintigrafi, manometri, aspirasyon, pulmoner
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pH Monitoring (2 Channel)

24-hour impedance reflux study with two channel 24-hour 
pH was performed on all patients. Following local anesthetic 
application, a trans-nasal catheter was introduced into the 
oesophagus. This consisted of 2 level impedance rings and 
2 level pH electrodes connected to an external monitoring 
device and calibrated accordingly. Impedance rings were 
maneuvered to 5 and 15 cm above the upper border of 
the LOS (Zephyr device, catheter ZAI-BD31, Sandhill Co, 
Highlands Ranch, Colorado, USA). No dietary restrictions 
were made other than ingestion of acidic beverages. 
Catheter placement was checked by manometry with the 
lower pH electrode 5 cm above the upper border of the 
LOS and the upper, 15 mm higher. Patients returned the 
following day for removal of the assembly. Meal-times were 
included in the reporting analysis. Reports of 24-hour pH 
and 24-hour impedance reflux were generated by autoscan 
and manual review. Reflux was classified according to 
the consensus on impedance and pH monitoring (11). In 
summary, this is based on oesophageal pH during reflux 
detected by impedance monitoring. Acid reflux is defined 
as a fall in pH below 4, weakly acid reflux as a fall in pH 
which is ≥4 but <7 and non-acid reflux where oesophageal 
pH increases ≥7 or remains ≥7 during reflux.

Manometry

Stationary manometry was obtained with a water perfused 
dent sleeve 8 channel catheter (Dent Sleeve International 
Mississauga, Ontario, Canada) using standard techniques. 
Data was recorded with a multichannel recording 
system (PC polygraph HR Medtronics, Synectics Medical, 
Minneapolis, Minnesota, United States) and analyzed 
using the PolyGram software program (Medtronics, 

Synectics Medical, Minneapolis, Minnesota, United States). 
Oesophageal motility was graded by the modified method 
of Kahrilas et al. (11,12). Grades were reported as normal, 
mildly, moderately or severely ineffective oesophageal 
motility (IOM). LOS pressure was recorded in all patients. 

Scintigraphy

Patients were fasted overnight and medications were 
ceased for 24 h prior to the test. Patients were positioned 
upright in front of a Hawkeye 4 gamma camera (General 
Electric, Milwaukee, United States) with the mandible 
and stomach in the field of view. They swallowed 40-60 
MBq of Tc-99m DTPA diluted in 50 mL of water followed 
by an additional 50 mL of water to clear activity from the 
oropharynx and oesophagus.

Dynamic imaging was performed for a duration of 2 
minutes at an interval of 15s per frame into a 64*64 matrix. 
Patients were then placed in a supine position and dynamic 
images obtained at a framing rate of 30s per frame for 
30 minutes. After supine imaging, 40-60 MBq of phytate 
(colloid) was administered orally with a 50 mL flush of 
water. Delayed static imaging using a 256*256 matrix was 
obtained two hours later for assessment of lung aspiration 
of refluxate. Images were analyzed by regions of interest 
over the pharynx, upper, mid and lower oesophagus with 
a background region over the lateral chest. Time-activity 
curves were generated from each region (Figure 1) Grades 
was assigned to the time-activity curves as shown in Figure 
2. Grade 1 was a declining curve, with grade 2 being flat 
and grade 3 a rising curve. Delayed images (Figure 3) were 
analyzed with a line profile for the assessment of aspiration 
into the main airways (>2 X background). 

Figure 1. Dynamic sequence of the scintigraphic study showing full-column gastro-oesophageal reflux to the level of the pharynx. The oesophagus 
and stomach are labelled as Es and St, respectively
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Statistical Analysis

Data was analyzed by nonparametric statistical methods 
as much of the analysis was of ordinal data with multiple 
studies for each patient. Standard ANOVA statistics, 
Wilcoxon matched pairs test, Student’s t-test and Pearson 
correlation coefficient (2 tails) with significance levels of 
0.05 were utilized. Fisher’s exact test (two-tailed) and 
receiver operating characteristic (ROC) analysis was also 
undertaken where appropriate. Statistica V8 software 

(Statsoft, Oklahoma, United States) package was used for 
data analysis.

Results

Population and clinical data. A total of 250 consecutive 
patients with complete data were studied (155 F, 95 M) 
over a period of 24 months. The average age was 60 years 
with a range of 20-85 years. Clinical history distinguished 
the patients clinically as predominantly GORD in 72 

Figure 3. A) The delayed study at 2 hours demonstrates aspiration of tracer into both lungs with significant activity in the main airways (arrowheads). 
B) The line profile through the hilar regions shows the count densities in the lungs, which is 5 times higher than background activity

Figure 2. Graphical analysis of the dynamic study. Panel A shows the regions of interest for the pharynx, upper and lower oesophagus and the 
background regions as well as the relevant results. Panel B shows the time-activity curves for the pharynx (red) with its fitted curve (pink) and the curve 
for the upper oesophagus (yellow). Panel C is the gastric emptying curve with the time to half clearance being shown at 25.2 minutes in panel A. Panel 
D indicates the ratio of pharynx to background
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patients and LPR (±GORD) in 178. All patients underwent 
24-hour pH monitoring and water perfused manometry. 
Scintigraphic studies were acquired within a 3-week period 
of the standard tests in all patients. A subset of 33 patients 
underwent laparoscopic fundoplication and these results 
have been reported elsewhere (9).

Two channel 24-hour pH monitoring. Twenty-four-hour 
pH studies were normal in 25 patients (pH >4), weakly 
acidic in 78 (pH >4, <7) and abnormal in the rest (147). 
Results of the pH findings are shown in Table 1. In patients 
with scintigraphic evidence of aspiration, 14% (n=10) had 
normal proximal pH studies while 6% (n=5) had normal 
distal pH studies.

There was no significant difference in pH studies between 
patients with LPR and GORD (p>0.05). Moderate correlation 
was found between proximal and distal acid exposure 
(Pearson correlation coefficient=0.32, p=0.001).

Proximal and distal acid exposure had no significant 
correlation with either LOS pressure or oesophageal 
clearance by manometry (p>0.05). Correlation coefficients 
were poor (Pearson correlation coefficients ranging from 
0.080 to-0.15).

No significant correlation was found between proximal 
and distal acid exposure and either scintgraphic clearance 
curves from the pharynx or upper oesophagus (p>0.05).

Manometry: The patients clinically classified as LPR, had 
severe IOM (35%); compared to the GORD group (17%). 
This was a significant difference by Fisher’s exact test (two-
tailed) with p=0.0058. Normal oesophageal motility was 
found in 27% with LPR symptoms and in 49% with GORD 
symptoms. This was a significant difference by Fisher’s 
exact test (two-tailed) with p=0.0021.

The mean LOS pressure was 6.3 mmHg [median: 2.3, 
standard deviation: 8.4 (95% CI: 5.9-7.6) mmHg]. No 
significant difference was found between the LPR and 
GORD groups for mean LOS pressure (p>0.01).

Severe IOM was strongly associated with isotope aspiration 
in both groups [p=0.00 for LPR (Pearson correlation 
coefficients: 0.54] and p=0.04 for GORD (Pearson 
correlation coefficients: 0.21).

There was a strong correlation between IOM and rising 
isotope curves in the pharynx when supine (Pearson 
correlation coefficients: 0.29, p=0.003) and upright 
(Pearson correlation coefficients: 0.38, p=0.00).

Scintigraphy: A total of 68 out of 250 patients 
demonstrated isotope aspiration into the lungs. There was 
significantly more pulmonary aspiration of refluxate in the 
group with LPR (58/178) symptoms than with a GORD 
profile (10/72) by Fisher’s exact test (p=0.0027). 

The time activity curves for the pharynx and upper 
oesophagus with the pulmonary aspiration data for each 
pattern of curve is shown in Table 2 and 3, respectively. 
The outstanding feature of these findings is the rarity of 
isotope aspiration in patients with a declining time activity 
curve (Grade 1) for the pharynx and upper oesophagus. 
No patient with a clinical GORD profile had lung aspiration 
in either the upright or supine position and only 3 of 63 
patients with LPR symptoms showed evidence of aspiration. 
Similar findings were shown for declining time-activity 
curves for the upper oesophagus. This is in sharp contrast 
with a rising time activity curve, where a high proportion of 
patients had evidence of pulmonary aspiration. A declining 
time-activity curve in the pharynx and upper oesophagus 
has a negative predictive value (NPV) of 97% for aspiration. 
Rising curves at both sites have a positive predictive value 
(PPV) of 98% for aspiration. The results for the pharynx, 
regardless of the upper oesophageal clearance pattern, 
were NPV of 98% and PPV of 100%.

The ROC analysis demonstrated that the optimal tests for 
pulmonary aspiration of refluxate were the scintigraphic 
time activity curves for the pharynx and upper oesophagus, 
and the manometric marker of oseophageal clearance 
(Figure 4). Distal oesophageal total acid exposure and LOS 
pressures were not significant predictors of lung aspiration 

Mol Imaging Radionucl Ther 2018;27:113-120 Burton et al. Scintigraphic Reflux Studies in GORD/LPR

Figure 4. Receiver operating characteristic for the variables as predictors 
of lung aspiration of refluxate. The area under the curves is inset
ROC: Receiver operating characteristic

Table 1. pH study (% acidic reflux/24 hours)

Site Mean SD Range

Proximal upright 6.0 6.8 1.0-34.0

Proximal supine 7.9 6.4 1.0-26.0

Distal upright 5.2 5.2 1.0-26.0

Distal supine 8.5 9.1 1.0-52.0

SD: Standard deviation
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(p>0.05) with proximal total acid exposure just reaching 
significance (p=0.04).

Discussion

This study indicates that scintigraphic reflux studies are 
a viable alternative to the current suite of testing for 
the establishment of a diagnosis of GORD. However, the 
group of patients enrolled in the current study are not 
a typical representation of how this disease presents in 
the general community. This is a highly selected group 
of patients, referred to a tertiary center for resistance to 
standard therapy or atypical symptoms of GORD. Perhaps 
the most important finding of this study is that attempting 
to clinically classify patients as either purely oesophageal 
disease (GORD) or extra oesophageal disease (LPR) is a futile 
exercise. A significant proportion of patients classified as 
GORD will demonstrate pulmonary aspiration of refluxate, 
which is clinically silent (Figure 3). This has been elegantly 
shown by similar scintigraphic techniques in 20% of patients 
with chronic respiratory disease but silent GORD. As little as 
0.1 MBq of aspirated activity was detectable in the lungs of 
these patients (13).

While the scintigraphic reflux study is capable of 
demonstrating evidence of GORD at the oesophageal level 
(Figure 1), its other great advantage is the delineation of 
extra-oesophageal disease. This is clearly reflected at the 
level of the oropharynx, laryngopharynx and the lungs. 
These areas are not screened by the existing suite of testing 
such as manometry and pH and with some reservations by 
impedance monitoring. Refluxate contaminating the extra-
oesophageal tissues can be visualized and although 27% 
of patients showed evidence of pulmonary aspiration of 
refluxate, this may in fact be an underestimate of the true 

incidence of pulmonary aspiration in this type of patient 
cohort. Patients are supine for approximately 30 minutes 
and are essentially upright for the other 90 minutes prior 
to the delayed scan for pulmonary aspiration. This may in 
fact be significantly worse when the patient is supine and 
asleep at night (14).

Analysis of the scintigraphic time-activity curves for the 
pharynx and upper oesophagus showed a strong correlation 
with IOM, indicating that inability to adequately clear 
refluxate from the oesophagus is of significant importance 
in addition to the incompetence of the LOS tone in both 
GORD and LPR patients with pulmonary aspiration of 
refluxate. LOS tone was not a good discriminator as the 
majority of referred patients had poor tone with a mean of 
6.3 mmHg (N~26 mmHg) (15). When analyzing the ROC 
curves, IOM was as useful as the scintigraphic time-activity 
curves in predicting aspiration of refluxate (Figure 4). This 
observation confirms that the scintigraphic technique is 
also useful in detecting dysmotility, as the time-activity 
curves will accurately reflect this. A rising curve is the end 
result of recurrent episodes of reflux and the inability of 
the oesophageal clearance mechanisms to remove the 
refluxate. Dysmotility is a key marker for LPR as has been 
shown by others, particularly in those with silent reflux and 
extra-oesophageal symptoms such as cough (16,17).

Earlier studies with 24-hour ambulatory pH monitoring have 
pointed erroneously out the importance of distal rather than 
proximal oesophageal pH as being important in patients 
with heart-burn and respiratory complications of GORD 
(18). Others have attempted to rationalize the disparity by 
suggesting that acid is neutralized during the ascent to the 
proximal oesophagus and may not register on the proximal 
pH probe (19). It is our contention that distal oesophageal 
pH does not fully emulate what is happening in the upper 

Table 2. Pharyngeal time-activity curves for the scintigraphic studies according to symptom profile (laryngopharyngeal 
reflux versus gastro-oesophageal reflux disease)

Clinical Grade 1 Aspiration Grade 2 Aspiration Grade 3 Aspiration

GORD upright 42 0 (0%) 30 10 (33%) 0 0 (0%)

GORD supine 20 0 (0%) 44 3 (7%) 8 8 (100%)

LPR upright 63 3 (5%) 97 38 (39%) 18 18 (100%)

LPR supine 55 0 (0%) 93 28 (30%) 30 30 (100%)

LPR: Laryngopharyngeal reflux, GORD: Gastro-oesophageal reflux disease

Table 3. Upper oesophageal time-activity curves for the scintigraphic studies according to symptom profile 
(laryngopharyngeal reflux versus gastro-oesophageal reflux disease) 

Clinical Grade 1 Aspiration Grade 2 Aspiration Grade 3 Aspiration

GORD upright 29 3 (10%) 40 5 (13%) 3 3 (100%)

GORD supine 15 0 (0%) 49 5 (10%) 8 5 (63%)

LPR upright 45 0 (0%) 105 30 (29%) 28 28 (100%)

LPR supine 45 3 (7%) 84 13 (15%) 49 43 (90%)

LPR: Laryngopharyngeal reflux, GORD: Gastro-oesophageal reflux disease
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oesophagus and pharynx which is essentially beyond the 
level of the pH probe and therefore, is fundamentally a 
blind spot. This verifies the hypothesis of a poor correlation 
between pH studies in the distal oesophagus and lung 
aspiration of isotope to be true. The ROC analysis shows 
a poor performance for total distal acid exposure [Area 
under the curve (AUC)=0.597, p=0.179] and a marginally 
better and barely significant finding with total proximal 
acid exposure (AUC=0.651, p=0.036) in patients with 
aspiration of refluxate. The scintigraphic variables and IOM 
were comparatively better performers in the prediction of 
pulmonary aspiration of refluxate (AUC~0.850).

It must however be acknowledged that the published data 
which validates 24-hour pH monitoring is fundamentally 
concerned with the typical symptoms of heartburn and 
acid regurgitation. This imposes a significant limitation and 
may subsequently lead to an under diagnosis, particularly 
in the group of patients with silent reflux. In this group 
of patients, pH testing may not be the optimal choice of 
test for diagnosis of the disease. Some theories suggest 
that neutral or basic pH is equally or more significant than 
acidic pH. Refluxate may contain pepsin and bile contents 
that have also been implicated in tissue injury in the 
laryngopharynx (20,21). The data presented here illustrates 
the poor correlation between positive distal pH and 
pulmonary aspiration (3). Some studies have demonstrated 
pepsin in the laryngeal epithelium after a reflux event and 
questions have been raised as to the potential damage 
which may be caused (20,21). Failure to identify this group 
of patients could subsequently lead to progression of the 
disease and the development of secondary manifestations 
(22,23) such as laryngeal carcinoma, vocal cord 
granulomas and pulmonary aspiration and its multiplicity of 
complications such as bronchiectasis, lung fibrosis etc. The 
major diagnostic issue is attempting to imply the presence 
of refluxate through indirect markers of pH monitoring and 
manometry. Scintigraphic studies allow direct visualization 
of activity in the laryngopharynx and lungs. Importance 
of the diagnostic algorithm for LPR versus GORD is that 
LPR requires more stringent medical therapy, which has 
a high failure rate and leads to earlier contemplation of 
fundoplication, particularly if there is lung aspiration of 
refluxate (5).

The negative and positive predictive values of the 
scintigraphic time-activity curves for the oesophagus 
and pharynx as predictors of pulmonary aspiration were 
very good at 97% and 98%, respectively. This was an 
unexpected finding and may prove to be of clinical value 
in patients with a high clinical suspicion of aspiration, but 
no scan evidence in the delayed study. It may inform the 
decision to undertake fundoplication for severe cases of 
reflux with a strong clinical suspicion of aspiration. It is also 
reassuring to physically see GORD in the dynamic studies 
and then refluxate in the lungs in the delayed phase of 
the study, particularly in silent (heartburn negative) disease 

with manifest extra-oesophageal symptoms such as cough, 
globus etc.

The principal weakness of this study is the highly selected 
cohort of patients who already had a high pre-test 
probability of disease. It requires assessment in general 
community patients to ascertain its false positive rate. To 
this end, we have commenced a study in normal subjects 
with acquisition of reflux studies in 25 asymptomatic 
volunteers. Preliminary findings in 10 cases demonstrates 
low-grade gastroesophageal reflux in three and then to 
the mid-esophagous when in the upright position only. 
The others showed no evidence of reflux. There was no 
pharyngeal reflux or lung aspiration of tracer.

Conclusion

We describe an innovative nuclear scintigraphic reflux test 
and its performance on a cohort of patients referred to a 
tertiary referral center for failure to respond to therapy of 
typical or atypical symptoms. This test has the potential to 
re-define the current understanding of GORD as it considers 
the broad definition of GORD. A strong correlation was 
found between scintigraphic parameters in the pharynx and 
upper oesophagus, and markers of ineffective oesophageal 
clearance consistent with dysmotility. These parameters 
were strongly predictive of pulmonary aspiration of the 
refluxate. pH studies were weakly correlated with these 
parameters and of little use in predicting laryngeal exposure 
and pulmonary aspiration.
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Abstract

Öz
Amaç: I-131 mIBG sintigrafinin modifiye Curie ve International Society of Pediatric Oncology Europe Neuroblastoma (SIOPEN) 
skorlama sistemleri ile yarı-kantitatif analizi evre 4 nöroblastomda hastalığın yayılımını değerlendirmede yararlıdır ve prognostik 
etkisi bulunmaktadır. 

Yöntem: Ocak 2007 ile Aralık 2015 tarihleri arasında, evre 4 veya 4S nöroblastom tanısıyla I-131 mIBG sintigrafi yapılmış 21 
hastanın retrospektif, kesitsel analizi yapıldı. Tüm tetkikler Curie ve SIOPEN skoru ile değerlendirildi. Tanı yaşı (>18 ay) ve erken 

Objective: I-131 mIBG scan semi-quantitative analysis with modified Curie and the International Society of Pediatric Oncology 
Europe Neuroblastoma (SIOPEN) scoring systems is helpful in the evaluation of disease extent and has prognostic impact in 
stage 4 neuroblastoma. 
Methods: Retrospective, cross-sectional analysis of baseline I-131 mIBG scans in 21 patients with stage 4 or 4S neuroblastoma 
diagnosed between January 2007 and December 2015. All scans were assessed for Curie and SIOPEN scores. Distribution of 
scores was evaluated for risk factors i.e. age at diagnosis (>18 months) and early relapse (within 12 months). A curie score <2 
and SIOPEN score <4 at diagnosis were correlated with event-free survival (EFS) and overall survival (OS). 
Results: The data set comprised of 12 (57%) males and 9 (43%) females. Patients with age >18 months (n=9) at diagnosis 
or early relapse (n=9) had higher Curie [mean 5+7.5 standard deviation (SD), p=0.004] and SIOPEN (mean 5.2+10.8 SD, 
p=0.02) scores. Patients with a Curie score <2 and a SIOPEN score of <4 had better EFS and OS than patients with higher 
scores. Curie: 5-year EFS=Curie <2 (79%) versus Curie >2 (33%) (p=0.03); 5-year OS=Curie <2 (56%) versus Curie >2 (36%) 
(p=0.01). SIOPEN: 5-year EFS=SIOPEN <4 (70%) versus SIOPEN >4 (17%) (p=0.002); 5-year OS=SIOPEN <4 (58%) versus 
SIOPEN >4 (17%) (p=0.04). There was no statistically significant difference between the two scoring systems in terms of 
survival predictive value (Hazard ratio 2.38, 95% CI: 0.33-16.9, p=0.38).
Conclusion: I-131 mIBG Curie and SIOPEN scores have prognostication value in stage 4 neuroblastoma and should be 
routinely applied. Higher scores predict unfavorable prognosis. 
Keywords: I-131 mIBG scan, neuroblastoma, Curie scores, SIOPEN scores 
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Introduction

Neuroblastoma is the most common extra-cranial solid 
malignant tumor in children. It originates from the 
sympathetic nervous system, most frequently from the 
adrenal medulla. The heterogeneous clinical behavior of 
neuroblastoma is dependent on numerous clinical as well 
as biological features (1). Neuroblastoma is diagnosed over 
a wide age range, from birth through young adulthood. 
Older age at diagnosis indicates a grim survival. Poor 
prognostic factors include: Age >18 months, NMYC 
amplification, poorly differentiated, advanced stage disease, 
and indistinguishable tumor histology (2). Approximately 
70% of neuroblastoma patients present with metastatic 
disease (3). With the current treatment approaches, age 
at diagnosis has proven to be one of the most influential 
predictors of the outcome. In patients older than 1 year, the 
5-year disease-free survival rates for stage 4 neuroblastoma 
have been reported to be 30-46% (4).

Treatment regimens including induction therapy, autologous 
stem cell transplantation, better radiotherapy techniques 
and immunotherapy have led to improvements in disease-
free survival. Tailoring treatment to risk group stratification 
has improved outcome. The capacity to identify both 
biologic and clinical prognostic markers of response has the 
benefit of selecting treatment therapies (5).

Radioiodine labeled metaiodobenzylguanidine (mIBG) is 
an aralkylguanidine, structurally parallel to norepinephrine. 
Almost 90% of neuroblastoma concentrate mIBG within 
the marrow, soft-tissue sites of disease or cortical bone 
(6,7). Since I-123 labeled mIBG is not available in our part 
of the world, I-131 mIBG is used. 

Materials and Methods

Retrospective data of baseline I-131 mIBG scans was 
analyzed in patients with stage 4 or 4S neuroblastoma 
registered between January 2007 and December 2015. 

Our data set included 21 patients, aged 0.5 to 12 years. 
Twelve were males (57%) and 9 (43%) females. 

This retrospective study has been approved by the 
Institutional Review Board of Shaukat Khanum Cancer 
Hospital and Research Centre, Lahore.

Imaging

Radiotracer dose in the range of 37 to 55 MBq I-131 MIBG 
was injected intravenously adjusted to patients’ weight 
according to EANM recommendations. Scanning was 
acquired at 24 and 48 hours using Siemens Symbia T16 
camera, 128x128 matrix for planar scan, bed movement 
7-8 cm/min.

Semi-quantitative Analyses

Semi-quantitative evaluation of all scans was performed 
using the Curie and International Society of Pediatric 
Oncology Europe Neuroblastoma (SIOPEN) scoring 
methodology. 

Initially developed in 1995, scoring is based on the presence 
of mIBG uptake in multiple anatomic regions (8,9). Ten 
different sites were scored, including 9 skeletal sites (head, 
chest, T-spine, L-spine, pelvis, upper arms, lower arms, 
femurs, and lower legs) and an additional tenth site for 
soft-tissue lesions.

The International Neuroblastoma Risk Group (INRG) 
Staging System (INRGSS) is an imaging defined staging 
and risk assessment system. According to the SIOPEN semi-
quantitative scoring method, the skeleton was divided 
into 12 anatomical body segments as follows: the skull, 
the thoracic cage, the proximal right upper limb, the distal 
right upper limb, the proximal left upper limb, the distal left 
upper limb, the spine, the pelvis, the proximal right lower 
limb, the distal right lower limb, the proximal left lower 
limb and the distal left lower limb. The extent and pattern 
of skeletal mIBG involvement was scored using a 0-6 scale 
to discriminate between focal discrete lesions and patterns 
of more diffuse infiltration (10). 

Riaz et al. I-131 mIBG Scoring in Neuroblastoma

nüks (12 ay içinde) gibi risk faktörlerine göre skor dağılımı değerlendirildi. Tanı anında Curie skoru <2 ve SIOPEN skoru <4 hastalıksız 

(HGS) ve genel sağkalım (GS) ile ilişkili idi. 

Bulgular: Çalışmaya 12 (57%) erkek ve 9 (43%) kadın dahil edildi. Tanı anında yaşı >18 ay olan hastalar (n=9) veya erken nüks 

edenlerde (n=9) Curie [ortalama 5+7,5 standart deviasyon (SD), p=0,004] ve SIOPEN (ortalama 5,2+10,8 SD, p=0,02) skorları daha 

yüksek bulundu. Curie skoru <2 ve SIOPEN skoru <4 olan hastaların HGS ve GS daha yüksek skorlu hastalardan daha iyiydi. Curie: 5-yıl 

HGS=Curie <2 (%79) vs Curie >2 (%33) (p=0,03); 5-yıl GS=Curie <2 (%56) vs Curie >2 (%36) (p=0,01). SIOPEN: 5-yıl HGS=SIOPEN<4 

(%70) vs SIOPEN >4 (%17) (p=0,002); 5-yıl GS= SIOPEN <4 (%58) vs SIOPEN >4 (%17) (p=0,04). Her iki skorlama sistemi arasında 

sağkalım öngörücü değer açısından istatistik olarak anlamlı farklılık saptanmadı (Risk oranı: 2,38, %95 CI: 0,33-16,9, p=0,38).

Sonuç: I-131 mIBG Curie ve SIOPEN skorlarının evre 4 nöroblastomda prognostik öngörü değeri vardır ve rutin olarak kullanılmalıdır. 

Yüksek skorlar daha kötü prognozu göstermektedir.

Anahtar kelimeler: I-131 mIBG sintigrafi, nöroblastoma, Curie skoru, SIOPEN skoru
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Distribution of scores was evaluated for two risk factors i.e. 
age at diagnosis (>18 months) and early relapse (within 12 
months). 

Statistical Analysis

The data were analyzed by the Kaplan-Meier method using 
IBM SPSS statistics 20 program. A Curie score <2 and SIOPEN 
score <4 (est defined cut-off) at diagnosis were correlated 
with event-free survival (EFS) and overall survival (OS) (11). 
Log-rank test with a p value of less than 0.05 was used to 
evaluate the differences between groups. Cox proportional 
hazards regression model applying the enter method was 
used to estimate hazards ratio (HR) for analysis.

Results

The data set included 12 (57%) males and 9 (43%) females 
(age range: 4 months to 12 years). All had stage 4 disease 
in terms of osteomedullary metastases (n=9), soft issue 
metastases (n=8) and cytological bone marrow involvement 
(n=4) (Table 1). 

Out of total 21 patients, 12 (57%) were younger than 18 
months, while 9 (43%) older than 18 months of age. Nine 
patients (57%) had either relapse within 12 months after 
diagnosis or primary progressive disease.

Semi-quantitative Scoring

Overall Curie score ranged from minimum 1 to a maximum 
score of 27 (average 5.9±7.9 S). SIOPEN scores ranged 
between 0 to a maximum score of 48 [average 6.1±11.6 
standard deviation (SD)]. 

On Curie scores analysis, 10 patients had <2 and 11 had >2 
Curie scores. SIOPEN score <4 was calculated in 15 and >4 
in 6 patients. 

Distribution of mIBG Score by Risk Factors

In patients with age <18 months at diagnosis, Curie scores 
were 2.7±4.2 SD and SIOPEN scores were 1.2±3.2 SD. For 
age >18 months, Curie scores were identified as 10.4±9.7 
SD and SIOPEN scores 12.8±15.4 SD. On bivariate analysis, 
the scores were higher in age >18 months (p=0.002 for 
Curie and p=0.018 for SIOPEN scores). 

In reference to relapse, patients with early relapse had Curies 
scores 9.8±10.2 SD, and SIOPEN scores were 14.0±10.8 

SD. In comparison to this, patients who did not show early 
relapse, the Curie scores were 1.2±1.5 SD, while SIOPEN 
scores were 3.6±1.6 SD. The scores tended to be higher in 
patients with early relapse within 12 months in comparison 
to patients who did not show early relapse (p=0.004 for 
Curie and p=0.02 for SIOPEN scores). The details of these 
scores have been displayed in Figure 1.

Disease Outcome and Survival Analysis

Out of 10 patients with Curie score <2, 2 (20%) relapsed 
and 2 (20%) died, while with Curie score >2, 7 out of 11 
(63.6%) relapsed and 6 (54.5%) died.

On analysis of SIOPEN scores, out of 15 patients with score 
<4, 4 (27%) relapsed and 4 (27%) died, while with scores 
>4, 5 out of 6 (83%) relapsed and 4 (67%) died.

Comparative analyses demonstrated that Curie score <2 
and a SIOPEN score of <4, respectively, had better EFS and 
OS than patients with higher scores. 5-years EFS for Curie 
score <2 was 79% versus 33% for score >2 (p=0.03). 5-year 
OS was 56% for Curie score <2 versus 36% for score >2 
(p=0.01). 

Based on SIOPEN scoring, 5-year EFS was found to be 70% 
for score <4 as compared to 17% for score >4 (p=0.002). 
Similarly, 5-year OS for score <5 was 58% versus 17% for 
score >4 (p=0.04). The Kaplan-Meier disease-free survival 
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Table 1. Patient and disease characteristics

n=21

Gender 12 (57%) males
9 (43%) females

Age Average: 2.7 years
Range: 4 months to 12 years

Disease characteristics Osteomedullary metastases: 9
Soft tissue metastases: 8
Cytological bone marrow: 4

Figure 1. Distribution of Curie and International Society of Pediatric 
Oncology Europe Neuroblastoma scores with reference to risk factors
SD: Standard deviation

Figure 2. Curie and International Society of Pediatric Oncology Europe 
Neuroblastoma scores at diagnosis and event-free survival 
SIOPEN: International Society of Pediatric Oncology Europe Neuroblastoma, 
EFS: Event-free survival
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distributions based on these low or high Curie and SIPOEN 
scores were significantly different (Figure 2, 3).

Comparing Curie and SIOPEN Scoring Systems in 
Predicting Prognosis

On bivariate analysis, there was no statistically significant 
difference between the two scoring systems in terms of 
survival predictive value [HR: 2.38, 95% confidence interval 
(CI): 0.33-16.9, p=0.38].

Discussion

Accurate disease staging is essential for an optimized 
treatment plan. The outcome is related to disease extent 
in stage 4 neuroblastoma. Radioiodine labeled mIBG semi 
-quantitative scoring systems are used to estimate diasease 
burden. We selected two poor prognostic factors, age 
older than 18 months and early relapse, to evaluate the 
validity of mIBG scores (12). 

In most of the earlier studies, age <12 months has been 
taken as the poor prognostic indicator. However, as shown 
by Moroz et al. (12,13), 18 months is a powerful indicat or 
of unfavorable outcome as the cut off for age-of-diagnosis. 
Likewise, time to first relapse influences survival. London 
et al. (13), demonstrated that mortality risk is higher in 
patients who relapse early (14). 

Scores tended to be higher in patients with age >18 months 
at diagnosis and early relapse. We found a statistically 
significant positive correlation between higher scores 
and poor prognostic factors. In this regard, radioiodine 
mIBG scan at baseline with high scores can be taken as 
an indicator of poor outcome. Various studies have shown 
different cut-off values for mIBG score systems (14,15), 
and there are several previous studies where no significant 

prognostic impact of the initial mIBG score was reported 
(16,17).

However, Decarolis et al. (11), reported the best cut-off for 
the Curie score as 2 and that for the SIOPEN score as 4, 
which significantly discriminated between poor and more 
favorable outcomes. We evaluated the validity of these cut-
off scores in our referral group. Patients who tended to have 
higher scores at baseline had higher frequencies of disease 
relapse and deaths. Outcome was significantly better in 
lower scores with better EFS and OS when compared with 
higher scores. 

An INRG task force led by Matthay et al. (10) has examined 
both methodologies as a potential prognostic marker for 
outcome determination. The SIOPEN scoring methodology 
is currently being used in SIOPEN high risk neuroblastoma 
trials, with Curie scoring used in COG trials. 

In a prior review of COG-A3973, COG investigators were 
unable to identify a mIBG (Curie) score at diagnosis that 
correlated with outcome (14). Ladenstein et al. (15) studied 
the baseline scores at diagnosis and reported SIOPEN 
mIBG score to be highly prognostic of outcome in two 
independent data sets, SIOPEN/HR-NBL1 and COG-A3973. 
In comparison, our data set comply with findings of 
Decarolis et al. (11). We found that the prognostic value 
of Curie and SIOPEN scores were similar. Although SIOPEN 
scores do not include soft tissue disease, both scoring 
systems were found to have similar prognostic significance 
with no statistically significant difference (HR: 2.38, 95% 
CI: 0.33-16.9, p=0.38). 

Study Limitation

The limitation of this study is the limited number of follow-
up I-131 mIBG scans, to provide statistically significant 
outcome analyses based on post-induction Curie and 
SIOPEN scores. Our data needs further extension with 
future prospect to report the validity of these scores in 
therapeutic response evaluation and to develop mIBG 
scoring systems based response criteria.

Conclusion

In conclusion, our study demonstrates the feasibility of 
mIBG scoring systems, which have prognostication value in 
stage 4 neuroblastoma. These scores are not used in routine 
clinical practice. However, with advancement in therapeutic 
options in stage 4 neuroblastoma, the implementation 
of mIBG scoring systems can be helpful in more precise 
prognostication based treatment. 

Ethics

Ethics Committee Approval: The study was approved 
by Institutional Review Board Shaukat Khanum Memorial 
Cancer Hospital and Research Centre, Lahore, Pakistan.

Informed Consent: Consent form has been filled out by 
all authors.
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Figure 3. Curie and International Society of Pediatric Oncology Europe 
Neuroblastoma scores at diagnosis and overall survival
SIOPEN: International Society of Pediatric Oncology Europe Neuroblastoma
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Öz
Amaç: Bu çalışmanın amacı, primeri bilinmeyen kanserlerde (PBK) 18F-florodeoksiglukoz (18F-FDG) pozitron emisyon tomografi/
bilgisayarlı tomografinin (PET/BT) klinik rolünü araştırmaktır.
Yöntem: Bu retrospektif çalışmaya PBK tanısıyla tüm vücut 18F-FDG PET/BT yapılan 121 hasta dahil edildi. Sonuç tanı 
histopatolojik olarak veya klinik izlemle doğrulandı.
Bulgular: 18F-FDG PET/BT, 121 hastanın 59’unda (49%) primer tümörü saptadı. PET/BT ile en çok saptanan tümör akciğer 
kanseri idi (n=31). Bir hastada iki primer tümör saptandı (kolon ve prostat). Bu hastada kemik iliği biyopsisi prostat kanseri 
metastazını gösterdiği için kolon kanseri senkron ikinci primer olarak kabul edildi. 18F-FDG PET/BT bulguları 11 hastada yanlış 
pozitif idi. PET/BT ile herhangi bir lezyon saptanmayan 51 hastanın 11 tanesinde konvansiyonel tetkiklerle primer tümör 
saptandı ve bu hastalar yanlış negatif olarak değerlendirildi. Primer tümör saptanmasında 18F-FDG PET/BT ile duyarlılık, özgüllük 
ve doğruluk sırasıyla %84, %78 ve %82 idi.

Abstract
Objective: The aim of this study is to investigate the clinical role of 18F-fluorodeoxyglucose (18F-FDG) positron emission 
tomography/computed tomography (PET/CT) in patients with carcinoma of unknown primary (CUP).
Methods: One hundred twenty one patients with a diagnosis of CUP who underwent whole body 18F-FDG PET/CT imaging 
were included in this retrospective study. The final diagnoses were confirmed either histopathologically or by clinical follow-up. 
Results: The 18F-FDG-PET/CT successfully detected the primary tumor in 59 out of 121 (49%) patients. The most common 
primary tumor as detected by 18F-FDG PET/CT was lung cancer (n=31). In a patient, two primary tumors (colon and prostate) 
were detected on PET/CT imaging. Bone marrow biopsy revealed prostate cancer in this patient and the colon cancer was 
accepted as a synchronous second primary tumor. 18F-FDG PET/CT findings were false-positive in 11 patients. 18F-FDG PET/
CT could not detect any primary lesion in 51 patients, whose conventional work-up detected a primary tumor in 11 and thus 
considered as false-negative. The sensitivity, specificity rate and accuracy of 18F-FDG PET/CT in detection of primary tumor 
were identified as 84%, 78% and 82%, respectively.
Conclusion: Whole body 18F-FDG PET/CT is an effective method for detecting the primary tumor in patients with CUP. In 
addition to detecting the primary tumor, it can also help determine disease extent and contribute to patient management. 
Keywords: Fluorodeoxyglucose, positron emission tomography/computed tomography, metastasis, unknown primary 
neoplasms
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Introduction

Carcinoma of unknown primary (CUP) refers to the 
presence of metastatic disease for which the site of the 
primary lesion remains unidentified after conventional 
diagnostic procedures. CUP accounts for approximately 2.3-
4.2% of cancer in both men and women (1,2). The mean 
survival is between 3-11 months, and only 25% of patients 
survive over one year (3,4). Several studies have shown 
that survival of patients in whom the primary tumor has 
been detected was higher than that of patients in whom 
the primary tumor has remained unknown (5,6). Various 
radiologic methods and serum tumor markers can be used 
for primary tumor detection. However, the primary tumor 
could be detected in less than 20% of patients with CUP 
(1). Although spontaneous regression or immune-mediated 
destruction of primary tumor or the small size of a primary 
tumor may be an explanation, it is not yet fully understood 
why primary tumors remain undetected (2,7,8).

Several studies reported that 18F-fluorodeoxyglucose (FDG) 
positron emission tomography/computed tomography 
(PET/CT) has higher sensitivity than other imaging methods 
for detection of the primary tumor (9,10,11). 

The aim of this retrospective study is to evaluate to primary 
tumor detection efficiency of 18F-FDG PET/CT in patients 
with CUP.

Materials and Methods

Patient Population

All patients who have been referred to our department for 
18F-FDG PET/CT with a diagnosis of CUP from April 2013 to 
March 2016 were retrospectively evaluated. Patients who 
had inadequate medical records or irregular clinical follow-
up data and who had chemotherapy before imaging were 
excluded. 121 patients (79 men, 42 women, age range 30-
86 years, mean 63±12 years) were analyzed finally in the 
study. Ninety five out of 121 patients were proved to have 
metastases histopathologically and 26 patients had highly 
suspicious metastases by conventional imaging [8 patients 
with multiple lung metastases detected by CT, 10 patients 
with multiple bone metastases detected by scintigraphy 
and/or magnetic resonance imaging (MRI), 5 patients with 
multiple liver metastases by MRI and/or US, and 3 patients 
with brain metastases detected by MRI]. Locations of the 

metastatic foci that have been proven histologically were as 
follows; 36 in lymph nodes, (21 cervical, 6 supraclavicular, 
4 axillary, 2 mediastinal, 2 inguinal, 1 retroperitoneal), 
19 in liver, 13 in bone, 6 in brain, 3 in soft tissue, 1 in 
adrenal gland, 1 in lung, 9 patients had peritoneal implants 
or malignant ascites, 6 patients had malignant pleural 
effusion and 1 patient had malignant pericardial effusion.

The study were approved by the Adnan Menderes University 
of Local Ethics Committee (protocol number: 2017/1043).
18F-FDG PET/CT Imaging

All patients underwent 18F-FDG PET/CT imaging after 6-8 
hours of fasting. Before injection of 18F-FDG, the medical 
history, weight and blood sugar level of the patients were 
recorded. All patients’ blood sugar levels were less than 
180 mg/dL prior to imaging. Oral contrast was given to 
all patients. After intravenous administration of 270-370 
MBq of 18F-FDG, patients rested in a quiet room. Imaging 
was performed after a resting period of 60 minutes 
with (Siemens Biograph mCT 20 Excel) PET/CT scanner. 
Images were acquired from the head to the feet. The CT 
transmission scan was acquired with 140 kVp and 110 
mA and 3 mm slice thickness. PET scan was acquired at 
2-4 min per bed position. 18F-FDG PET/CT images were 
evaluated both visually and semi-quantitatively by two 
nuclear medicine physicians. Abnormal 18F-FDG uptake 
(SUV

max
 ≥2.5) with an anatomical correlation in any tissue 

or organ other than the metastases sites was considered 
as the primary site. The final results were confirmed either 
histopathologically or by clinical follow up including other 
imaging methods.

Data Analysis and Statistical Evaluation

The final diagnosis was considered true-positive (TP) when 
18F-FDG PET/CT detected the primary tumor and it was 
confirmed histopathologically and/or by clinical follow up. 
If it was not confirmed to be malignant histopathologically 
then the result was considered as false-positive (FP). If 
18F-FDG PET/CT could not detect the primary tumor and it 
remained unknown in follow up, the result was considered 
true-negative (TN). When 18F-FDG PET/CT did not suggest 
any primary tumor but it was diagnosed with conventional 
work-up or in the patient’s follow-up, the result was 
considered as false-negative (FN).

Sensitivity, specificity rates and accuracy were calculated 
using standard statistical formulas:

Sensitivity=TP/(TP+FN), Specificity=TN/(TN+FP), 
Accuracy=(TP+TN)/(TP+FP+TN+FN).

Cengiz et al. Carcinoma of Unknown Primary

Sonuç: PBK olan hastalarda primer tümörün saptanmasında tüm vücut 18F-FDG PET/BT etkin bir yöntemdir. Primer tümör saptanması 
yanında hastalığın yaygınlığını da belirleyerek hastaların izlemine katkıda bulunur. 
Anahtar kelimeler: Florodeoksiglukoz, pozitron emisyon tomografi/bilgisayarlı tomografi, metastaz, primeri bilinmeyen neoplaziler
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Results

Primary tumors were correctly detected in 59 of 121 patients 
(49%) by 18F-FDG PET/CT whole body imaging. The primary 
tumor locations were as follows; lung (n=31), breast (n=3), 
stomach (n=1), colon (n=4), pancreas (n=2), ovary (n=3), 
prostate (n=4), liver (n=2), endometrium (n=1), skin (n=2), 
thyroid (n=2), larynx (n=1), hypopharynx (n=1), salivary 
gland (n=1) and bone marrow (multiple myeloma; n=1). In 
a patient, two primary tumors (colon and prostate) were 
detected by PET/CT imaging both of which were confirmed 
histopathologically (Figure 1). In this patient, the bone 
marrow biopsy revealed metastatic prostate carcinoma 
thus the colon carcinoma was accepted as a synchronous 
second primary tumor. Fifty-nine TP results were selected 
for statistical evaluation. The SUV

max 
of the hyper-metabolic 

lesions were between 3 to 27 (mean 11.57±6.1). TP results 
are reported in Table 1.

The sensitivity, specificity rates and accuracy of 18F-FDG 
PET/CT in detection of primary tumor were identified as 

84%, 78% and 82%, respectively. When 36 patients with 
lymph node metastases were evaluated separately, primary 
tumors were correctly identified in 14 out of 36 patients. 
In these cases, the sensitivity, specificity and accuracy were 
calculated as 66%, 75% and 70%, respectively.

There were eleven patients in whom primary tumors were 
reported incorrectly by 18F-FDG PET/CT imaging. These 
results were accepted as false-positive (Table 2). A false-
positive case is presented in Figure 2.

The primary tumor could not be identified in 51 (42%) 
patients. Forty of these patients were TN. The remaining 
11 patients, 18F-FDG PET/CT did not detect any lesion but 
the primary tumors were detected during clinical follow-up 
(mean 6.8 months, range: 2-30 months). These FN results 
are listed in Table 3.

Figure 1. 18F-FDG PET/CT images of a 72-year-old male patient with 
bone metastasis proven histopathologically. MIP (a), fusion (b and c) 
images showed hyper-metabolic focus in the prostate and wall-thickness 
on descending colon with pathologically increased 18F-FDG uptake, 
which were later confirmed as prostate adenocarcinoma and colon 
adenocarcinoma by histopathology

Figure 2. MIP (a), CT (b) and fusion (c) 18F-FDG PET/CT images of a 64 year-
old male patient. Cervical lymph node biopsy revealed adenocarcinoma 
metastasis. On PET/CT imaging, there were multiple hyper-metabolic 
mediastinal lymph nodes and mild hyper-metabolic infiltrations in both 
lungs suggesting infection. PET/CT imaging also demonstrates wall 
thickness on the ascending colon with abnormally increased 18F-FDG 
uptake (SUV

max
: 5.0), which was interpreted as a primary tumor. The 

histopathology examination revealed a hyperplastic polyp. The 18F-FDG 
PET/CT result was false-positive

a

a

b

b

c

c
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Table 1. There were fifty-nine patients with sixty true-positive results diagnosed by 18F-fluorodeoxyglucose positron 
emission tomography/computed tomography

Age and gender Location of metastases Histopathologic/radiologic metastases Primary tumor

1 68, M Bone Adenosquamous Lung

2 70, M Liver Malignant epithelial tumor met. Lung

3 49, M Soft tissue Malignant epithelial tumor met. Lung

4 51, F Bone Carcinoma Lung

5 65, F Pleura Signet-ring cell carcinoma Lung

6 59, F Liver Malignant epithelial tumor met. Lung

7 56, M Bone Adenocancer Lung

8 46, F Supraclavicular LN Malignant epithelial tumor met. Lung

9 60, F Brain Adenocancer Lung

10 56, M Liver Adenocancer Lung

11 68, M Cervical LN Neuroendocrine Lung

12 59, F Bone Metastatic bone scintigraphy Lung

13 46, M Soft tissue Adenocancer Lung

14 59, M Cervical LN Squamous cell carcinoma Lung

15 60, F Bone Metastatic bone scintigraphy Lung

16 74, M Cervical LN Squamous cell carcinoma Lung

17 75, F Pleural effusion Malignant Lung

18 70, F Bone Malignant epithelial tumor met. Lung

19 72, M Liver Malignant epithelial tumor met. Lung

20 35, M Liver Adenocancer Lung

21 53, M Brain Metastasis on brain MRI Lung

22 39, M Bone Adenocancer Lung

23 59, M Adrenal Neuroendocrine Lung

24 75, M Brain Metastasis on brain MRI Lung

25 52, M Brain Malignant epithelial tumor met. Lung

26 74, M Brain Neuroendocrine Lung

27 62, F Liver Malignant epithelial tumor met. Lung

28 72, M Liver Small cell cancer Lung

29 51, M Liver Malignant epithelial tumor met. Lung

30 35, F Pleural effusion Malignant Lung

31 58, M Brain Malignant epithelial tumor met. Lung

32 58, M Peritoneum Adenocancer Colon

33 30, M Peritoneum Mucinous adeno ca Colon

34 54, M Peritoneum Adenocancer Colon

35 63, M Liver Metastasis on CT Colon

36 72, M Bone Malignant epithelial tumor met. Colon and prostate

37 63, M Bone Metastasis on MRI Prostate

38 64, M Cervical LN Adenocancer Prostate

39 75, M Bone Metastasis on MRI Prostate

40 67, F Axillary LN Malignant epithelial tumor met. Breast

41 75, F Bone Malignant epithelial tumor met. Breast

42 56, F Bone Metastatic bone scintigraphy Breast

43 58, F Cervical LN Squamous cell carcinoma Skin

44 86, M Cervical LN Squamous cell carcinoma Skin
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Additional distant metastases were detected in 45 out of 
59 (76%) patients whose primary tumors were detected 
correctly by 18F-FDG PET/CT. In patients with only lymph 
node metastases, additional solid organ metastases were 
detected in 5 patients out of 36 (14%) with PET/CT imaging.

Discussion

CT and MRI have been the imaging methods of choice 
in clinical practice in patients with CUP. Although they 
detect anatomical abnormalities with pathologic contrast 
enhancement, small or non-enhancing lesions can be 
overlooked (1). 18F-FDG PET/CT is gaining acceptance as 
an imaging method to be used in the management of 

patients with CUP. Small lesions can be detected with 
higher sensitivity due to its high lesion-to-background 
contrast. Several studies reported that 18F-FDG PET/CT is 
more sensitive than CT and MRI in the imaging of CUP. 
In a study, Gutzeit et al. (12) have shown that CT alone 
indicated a primary tumor in only 8 of 45 patients (18%) 
while 18F-FDG PET/CT detected the primary site in 15 
of 45 patients (33%). In another study, Roh et al. (13) 
have reported that the sensitivity rate of 18F-FDG PET/CT 
(87.5%) was significantly higher than that of CT (43.7%) 
for the primary tumor in patients with cervical metastases 
from unknown origin. In several studies, primary tumor 
detection rate ranged between 24.5-53% for 18F-FDG PET/
CT in patients with CUP (11,14,15,16). Consistent with 

Table 1. Continue

45 69, M Lung Metastasis on thorax CT Liver 

46 79, F Liver Metastasis on MRI Liver

47 75, F Liver Malignant epithelial tumor met. Pancreas

48 77, F Liver Malignant epithelial tumor met. Pancreas

49 66, F Peritoneum Malignant epithelial tumor met. Ovary

50 64, F Liver Malignant epithelial tumor met. Ovary

51 64, F Peritoneum Adenocancer Ovary

52 72, M Cervical LN Papillary cancer Thyroid

53 76, M Supraclavicular LN Malignant epithelial tumor met. Thyroid

54 72, M Cervical LN Squamous cell carcinoma Salivary gland

55 70, F Peritoneum Carcinomatosis Stomach

56 46, F Supraclavicular LN Malignant epithelial tumor met. Multiple myeloma

57 75, F Lung Metastasis on thorax CT Endometrium

58 64, M Cervical LN Squamous cell carcinoma Larynx

59 63, M Cervical LN Squamous cell carcinoma Hypopharynx

LN: Lymph node, M: Male, F: Female, met: Metastasis, CT: Computed tomography, 18F-FDG: 18F-fluorodeoxyglucose, PET/CT: Positron emission tomography/computed 
tomography

Table 2. The eleven false-positive results diagnosed by 18F-fluorodeoxyglucose positron emission tomography/computed 
tomography 

Age and gender Location of metastases PET/CT diagnosis Pathology of lesion True primary site

1 46, M Lung Hypopharynx cancer Cordoma CUP

2 61, F Inguinal LN Endometrial cancer Myoma uteri CUP

3 44, M Bone Lung cancer Pulmonary alveolar proteinosis CUP

4 53, F Cervical LN Cervix cancer Cervical polyp Thyroid papillary cancer

5 48, M Brain Lung cancer Lung hamartoma CUP

6 80, M Bone Thyroid cancer Benign nodule CUP

7 85, M Bone Lung cancer Lung inflammation CUP

8 56, M Liver Sigmoid cancer Diverticulitis CUP

9 78, M Malignant pleural effusion Colon cancer Polyp Urinary bladder cancer

10 64, M Cervical LN Colon cancer Polyp Prostate cancer

11 50, F Cervical LN Thyroid cancer Hashimato thyroiditis CUP

LN: Lymph node, M: Male, F: Female, CUP: Carcinoma of unknown primary, PET/CT: Positron emission tomography/computed tomography
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the literature, in this study, primary tumors were correctly 
detected in 59 of 121 patients (49%) by 18F-FDG PET/CT 
whole body imaging. The sensitivity, specificity rates and 
accuracy of 18F-FDG PET/CT in detection of primary tumor 
were identified as 84%, 78% and 82%, respectively. Han 
et al. (17) reported the sensitivity, specificity and accuracy 
of 18F-FDG PET/CT in patients with CUP as 91.5%, 85.2% 
and 88.3%, respectively. In another study, the sensitivity, 
specificity and accuracy of 18F-FDG PET/CT in detection 
of primary tumor were reported as 80%, 74% and 78%, 
respectively (18). In our study, 18F-FDG PET/CT was the 
first imaging method used for detecting the primary in 
majority of the patients. Although the role of 18F-FDG PET/
CT as the first line imaging of patients with CUP is yet 
to be established, it has significant advantages. Whole 
body imaging demonstrates disease extent in addition to 
detection of the primary tumor, eliminates the need for 
further imaging and other invasive procedures. Thus, it 
prevents delay in starting appropriate treatment (19,20).

Lung, oropharyngeal and pancreatic cancers were reported 
to be most common primary tumors in patients with CUP 
(21). In our study, lung (52%) and colon (8%) were the 
most common sites for primary tumors. Colorectal cancer is 
the third most common cancer in women and the fourth in 
men in our country (22). Although there were 21 patients 
with cervical lymph node metastases in our study, we 
detected 5 head and neck tumors as true-positive. 

The most important limitation of 18F-FDG PET/CT is that 
it’s not a specific tumor imaging technique. Inflammatory 
lesions or benign tumors with high tracer uptake are 
the most common causes of false-positive results. In our 
study, there were eleven false-positive results related to 
benign tumors or inflammation. In a meta-analysis, authors 

reported that oropharynx and the lung are the two most 
common locations of false-positive 18F-FDG PET/CT results 
(21). Inflammatory lesions, pulmonary infarction and 
emboli have been reported as etiologies for false-positive 
results in the lung (2,12). In this study, 3 out of the 11 
false-positive results were detected in the lung. Pulmonary 
alveolar proteinosis, hamartoma and inflammation were 
the final diagnosis in these patients. PET/CT diagnosed 
a false-positive colon cancer in three patients. The final 
diagnoses were polyps in two patients and diverticulitis 
in one patient, that were confirmed histopathologically. 
In a study, the authors concluded that if 18F-FDG PET/CT 
findings are positive, a confirmatory biopsy is necessary due 
to false-positive results (23).

In our study, 18F-FDG PET/CT could not detect the primary 
tumor in 42% of patients. Primary tumors were detected 
on follow-up in 11 out of 51 patients and were considered 
as FN. Small and low grade tumors with low 18F-FDG uptake 
may result in FN findings. Breast and oropharynx are the 
most common sites for FN 18F-FDG PET/CT imaging (21). 
In this study, a small primary breast cancer was detected 
by MRI and was histopathologically diagnosed as invasive 
ductal cancer following a FN 18F-FDG PET/CT imaging. In 
four patients, lung tumors with low 18F-FDG avidity caused 
FN results. 

Whole body 18F-FDG PET/CT is also useful in detecting the 
extent of metastatic disease which may have important 
implications for clinical management. It is especially 
important in patients with initial lymph node metastases 
(2,24). We showed additional solid organ metastases in 5 
out of 36 (14%) patients with CUP who presented with 
lymph node metastases on PET/CT imaging.

Table 3. False-negative results of 18F-fluorodeoxyglucose positron emission tomography/computed tomography in patients 
with carcinoma of unknown primary

Age and gender Location of metastases Final diagnosis Pathology of primary tumor

1 71, M Supraclavicular LN Lung cancer Neuroendocrine

2 64, F Peritoneum Ovarian cancer Clinical Follow-up

3 78, M Pleural fluid Bladder cancer Papillary urothelial low grade tumor

4 52, M Cervical LN Laryngeal cancer Scc

5 65, M Cervical LN Laryngeal cancer Scc

6 50, M Brain Lung cancer Adenocarcinoma

7 60, F Liver Breast cancer Invasive ductal

8 68, M Axillary LN Lung cancer Neuroendocrine

9 65, M Mediastinal LN Lung cancer Adenocarcinoma

10 60, F Inguinal LN Vulvar cancer Scc

11 64, F Cervical LN Parotid tumor Carcinoma ex pleomorphic adenoma

LN: Lymph node, M: Male, F: Female, Scc: Squamous cell carcinoma
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Conclusion

Whole body 18F-FDG PET/CT is an effective method 
for detecting the primary tumors in patients with CUP. 
Additionally, it can also determine disease extent and 
contribute significantly to clinical patient management. 
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Öz
Yirmi üç yaşında Afrikalı erkek hasta Togo seyahati sonrası ateş, lumbalji ve disüri şikayetleri ile başvurdu. Fizik muayenede 
symphysis pubis üzeri ağrı ve rektal tuşede hassasiyet mevcuttu. C-reaktif protein (CRP) düzeyi yüksekti ve kan ve idrar 
kültürlerinde metisiline dirençli Staphylococcus aureus üremesi saptandı. Pubiste olası bir artrit/osteomiyeliti ekarte etmek 
için istenen manyetik rezonans görüntülemede symphysiste ödem görüldü. 18F-FDG pozitron emisyon tomografisi/bilgisayarlı 
tomografi prostat enfeksiyonu tanısını doğruladı. Bununla birlikte atletik pubaljiyle uyumlu olarak symphysis pubiste fokal 
tutulum ve rektus abdominis ve adduktor longus kas insersiyolarında diffüz hipermetabolizm görüldü. Antibiyoterapi sonrası 
ateş ve CRP düzeyi hızla düzeldi. 

Anahtar kelimeler: PET/BT, manyetik rezonans görüntüleme, atletik pubalji, sporcu hernisi, prostatit

Abstract
A 23-year-old African native male patient presented with fever, lumbalgia and dysuria after returning from a trip to Togo. His 
physical examination revealed pain over the pubic symphysis and rectal tenderness on digital exam. The C-reactive protein 
(CRP) level was elevated along with positive blood and urinary cultures for methicillin-resistant Staphylococcus aureus. An 
magnetic resonance imaging that has been performed to rule out arthritis/osteomyelitis in the pubis revealed edema of the 
symphysis. An 18F-FDG positron emission tomography/computed tomography supported the diagnosis of prostate infection 
and showed a focal uptake of the pubic symphysis, with diffuse hyper-metabolism of the insertions of the rectus abdominis 
and longus adductor muscles, corresponding to athletic pubalgia. Fever and CRP responded rapidly to antibiotherapy.

Keywords: PET/CT, magnetic resonance imaging, athletic pubalgia, sports hernia, prostatitis
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Figure 1. We present the case of a 23-year-old male African native patient presenting with fever, lumbalgia and dysuria after returning from a trip 
to Togo. The patient is a professional athlete (soccer player) with a known history of malaria during childhood. On palpation, there was pain over 
the pubic tubercle and the digital rectal exam was tender and sensitive. The blood formula was normal except elevated [C-reactive protein (CRP): 
118 mg/L]. Recurrence of malaria had been excluded by repeated thick blood smears. Both blood and urinary cultures were positive for methicillin-
resistant Staphylococcus aureus. Computed tomography (CT) with nephrographic contrast and dedicated ultrasound ruled out pyelonephritis. A pelvic 
magnetic resonance imaging (MRI) was performed to rule out arthritis and osteomyelitis that revealed a thickening of the aponeurosis of the left rectus 
abdominis muscle on T1-weighted axial sequence after injection of gadolinium (A, arrow head), a hyper-signal of the symphysis on the STIR-weighted 
sequence corresponding to marrow edema without articular effusion, and a hyper-signal corresponding to a strain of the left adductor longus muscle 
(B, arrow head) characteristic of athletic pubalgia (1,2). 18F-FDG positron emission tomography/CT (PET/CT) found an increased prostatic tracer uptake 
along with bilateral external iliac lymph nodes hyper-metabolism (C), and also showed hyper-metabolism of the insertion of the left longus adductor 
(D) and of the left rectus abdominis (E and G, orange arrow) with a focal uptake in the pubic symphysis (E and G, red arrow) that were in concordance 
with the MRI findings. Increased 18F-FDG uptake on the molecular inversion probe sequence (G) in the supraclavicular, latero-cervical and para-vertebral 
regions corresponded to activated brown adipose tissue (brown arrow), the yellow arrow corresponds to the left iliac node; the right iliac node and 
the prostate were masked by the bladder. The CT scan (F) with contrast media confirmed the findings (thickening of the aponeurosis of the left 
rectus abdominis, arrow head). A prostatic origin of the infection was presumed and antibiotic therapy was initiated (intravenous vancomycin, then 
co-trimoxazole per os). Regression of fever, normalization of CRP and clearing of the cultures were observed rapidly. 
Sports hernia/athletic pubalgia is an activity-related lower abdominal and proximal adductor-related pain seen in athletes (3,4,5,6). Symptoms are most 
often unilateral but are not uncommonly bilateral. This pattern with hyper-metabolism of the insertion of the muscles associated with uptake in the 
pubic symphysis due to inflammation should be recognized on imaging not to be mistaken for a muscle abscess (7,8). To the best of our knowledge, 
this specific feature in 18F-FDG PET/CT had not been previously described in the literature.
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Öz
Radyolojik görüntülemede karaciğer sağ lob segment 5’de hepatosellüler karsinom (HCC) ile uyumlu kitle lezyonu saptanan 
ve alfa-fetoprotein yüksekliği (323 ng/mL) olan 43 yaşında erkek bir hasta kliniğimize başvurdu. 18F-FDG pozitron emisyon 
tomografi/bilgisayarlı tomografi (PET/BT) görüntüleri, kitle lezyonda fizyolojik seviyede 18F-FDG tutulumu gösterdi. Ek olarak, sol 
lob segment 2’de artmış 18F-FDG tutulumu olan, yaklaşık 1,5 cm çapında ikinci bir odak tespit edildi. Histopatolojik incelemede, 
daha düşük 18F-FDG tutan büyük kitle lezyonda HCC, daha yüksek 18F-FDG tutan küçük kitle lezyonda ise kolanjiosellüler 
karsinom saptandı. Bildiğimiz kadarıyla bu, PET/BT ile tanısı konulmuş karaciğerin farklı iki segmentinde histopatolojik olarak 
farklı iki primer malign karaciğer tümörünün bildirildiği ilk olgu sunumudur.
Anahtar kelimeler: Senkron tümörler, hepatosellüler karsinoma, kolanjiosellüler karsinoma, 18F-FDG PET/BT

Abstract
A 43-year-old male patient presented with a mass lesion on the right liver lobe, segment 5, in radiological imaging and elevated 
alpha-fetoprotein levels (323 ng/mL) compatible with hepatocellular carcinoma (HCC). Positron emission tomography/
computed tomography (PET/CT) images showed background level 18F-FDG uptake in the mass lesion. In addition, a secondary 
focus of increased 18F-FDG uptake was detected on the left liver lobe, segment 2, approximately 1,5 cm in diameter. 
Histopathological examination revealed HCC in the larger mass lesion with a lower 18F-FDG uptake, and cholangiocellular 
carcinoma in the smaller mass lesion with a higher 18F-FDG uptake. To our knowledge, this is the first case report of two 
histopathologically different primary malignant liver tumors in two distinct segments of the liver detected by PET/CT.

Keywords: Synchronous tumors, hepatocellular carcinoma, cholangiocellular carcinoma, 18F-FDG PET/CT
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Figure 1. Positron emission tomography/computed tomography (PET/CT) images were acquired after a long period of fasting and 370 MBq (10 mCi) 18F-FDG 
administration. Maximum intensity projection (A) and axial slices of fusion (B, arrow), CT (C) and PET (D) images showed focal hyper-metabolic lesion in the left 
lobe, segment 2. A mass lesion, approximately 7 cm in diameter, with heterogeneous density at the right liver lobe segment 5 was detected, that displayed 
normal 18F-FDG uptake levels as the liver parenchyma (E arrowhead, F arrowhead, G). PET/CT did not reveal any other focus that was suspicious for malignancy.
Hepatocellular carcinoma (HCC) and cholangiocellular carcinoma (CCC) are both primary malignant liver tumors originating from the hepatocyes and bile duct 
cells, respectively. The incidence of HCC and CCC together is extremely rare (lower than 1% of all primary malignant liver tumors) (1). Synchronous HCC and 
CCC cases, some of them on the same segment, detected with CT or magnetic resonance imaging (MRI) studies have previously been reported (2,3). Besides, 
both HCC and CCC components present in the same tumor and hepatic stem cells differentiating to hepatocytes or cholangio cells have also been reported (3). 
To our knowledge, this is the first case to report synchronous primary malignant liver tumors in two distinct segments detected by 18F-FDG PET/CT.
Cancer cell growth depends mainly on glucose metabolism. 18F-FDG uptake in malignant tumors is related to glucose transporter proteins (especially Glut1) 
and hexokinase type 2. Glut1 expression is low in HCC and high in CCC, while hexokinase 2 expression is elevated in HCC (4). 18F-FDG uptake is variable in HCC 
related to the degree of differentiation. Because glucose-6-phosphatase activity is high in well differentiated hepatocyte cells, intracellular 18F-FDG-6-phosphate is 
dephosphorylated to 18F-FDG, thus decreasing intracellular accumulation (5). Increased 18F-FDG uptake were reported in nearly half of the HCC cases. The higher 
18F-FDG uptake of intrahepatic CCC and lower 18F-FDG uptake of hilar tumors is well known. CCC located in the hilum mostly originate from larger bile ducts, so 
obstructive symptoms are observed in the early periods. The low 18F-FDG uptake can thus be attributed to the small tumor size at diagnosis. Other reasons for the 
low 18F-FDG uptake by this tumor have been reported as mucin accumulation inside tumor cells or neoplastic glandular tissue lumen, and scattered settlement 
of malignant cells in fibrous stroma (6,7).
In our case, 18F-FDG uptake patterns of both tumors were quite different, so we considered two separate HCC lesions with two distinct degree of differentiation. 
Histopathologically, the mass lesion with low 18F-FDG uptake at the right liver lobe segment 5 was reported as clear cell HCC with micro-macro trabecular 
pattern, nuclear grade 2-3, while the tumor with higher 18F-FDG uptake at the left liver lobe segment 2 was identified as adenocarcinoma (CCC). The CCC was 
intrahepatic and therefore the 18F-FDG uptake was significantly higher.
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Abstract
A sixty-two-year-old male patient underwent orchiectomy and was diagnosed with diffuse large B-cell lymphoma in the testicle 
and spermatic cord. 18F-FDG positron emission tomography/computed tomography (PET/CT) scanning was performed for 
initial staging. 18F-FDG PET/CT scan revealed multiple hyper-metabolic lymphadenopathies, lung lesions and mass lesions in 
the adrenal glands and kidneys. In addition, diffuse increased 18F-FDG uptake suggesting lymphomatous infiltration on the 
right testicle, prostate and left testicular veins were detected. The genitourinary system involvement is extremely rare in extra-
nodal lymphomas and to the best of our knowledge this is the first case in the literature having 18F-FDG accumulating lesions 
in all genitourinary system structures.
Keywords: Non-Hodgkin, extranodal, lymphoma, 18F-FDG, PET/CT, genitourinary system

Öz
Altmış iki yaşındaki erkek hasta, uygulanan orşiektomi sonucunda testis ve spermatik kordda diffüz büyük B-hücreli lenfoma 
tanısı aldı. Hastaya başlangıç evrelemesi amacıyla 18F-FDG pozitron emisyon tomografisi/bilgisayarlı tomografi (PET/BT) tetkiki 
yapıldı. Yapılan 18F-FDG PET/BT tetkikinde, hipermetabolik özellikte çok sayıda lenfadenopatiler, akciğer lezyonları, böbreklerde 
ve sürrenal bezlerde kitle lezyonları saptandı. Ek olarak, sağ testiste, prostat bezinde ve sol testiküler vende lenfoma tutulumu 
ile uyumlu diffüz özellikte artmış 18F-FDG tutuluşu izlendi. Lenfomada ürogenital sistem nadir ekstranodal tutulum yerlerinden 
biri olup bu olgu bildiğimiz kadarıyla tüm ürogenital sistem yapılarında artmış 18F-FDG tutulumu gösteren lezyonlar izlenen 
literatürdeki ilk olgudur.
Anahtar kelimeler: Non-Hodgkin, ekstranodal, lenfoma, 18F-FDG, PET/BT, ürogenital sistem

Ürogenital Sistemin Tamamını Tutan Non-Hodgkin Lenfomada 18F-FDG PET/BT Bulguları

18F-FDG PET/CT Findings of Non-Hodgkin Lymphoma Involving the 
Whole Genitourinary System
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Figure 1. A sixty-two-year-old male patient suffering from swelling of the left testicle underwent orchiectomy and was diagnosed with diffuse 
large B-cell lymphoma in the testicle and spermatic cord. A) Maximum intensity projection image of the staging-intended 18F-FDG positron-emission 
tomography/computed tomography (PET/CT) scan of the case revealed multiple hyper-metabolic lymphadenopathies in the cervical, thoracic and 
abdominopelvic regions (SUV

max
: 34.8), hyper-metabolic lesions consistent with lymphatic/parenchymal infiltration in the lungs (SUV

max
: 16.4-45.2), 

pleural involvements accompanied by rib invasion on the right thorax (SUV
max

: 29.2), along with lymphoma infiltration of bilateral adrenal glands 
(SUV

max
: 38.7-56.5), the kidneys (SUV

max
: 40-53), the prostate gland (SUV

max
: 40.4), the right testicle (SUV

max
: 20.8) and the left testicular vein. B) Mass 

lesions in the kidneys are seen in selected coronal CT and fused PET/CT images.

Figure 2. At sagittal CT and fused PET/CT images (A); mass lesion at the left adrenal gland (A; black arrow) and intense 18F-FDG uptake (SUV
max

: 36.8) 
along the left testicular vein (A; white arrow) are observed. At transaxial CT and fused PET/CT images (B, C); diffuse increased 18F-FDG uptake without 
size or density changes at CT image suggesting diffuse lymphomatous infiltration on prostate (SUV

max
: 40.4) (B) and right testicle (SUV

max
: 20.8) (C) 

are also seen.
Although lymphomas generally originate from lymph nodes or lymphoid tissue, extranodal sites can also be involved. Extranodal lymphomas can arise 
in almost every organ. The most common extranodal involvement sites are gastrointestinal system, central nervous system, skin, Waldeyer’s ring, 
spleen and more rarely kidneys, testicle, female genital organs and liver (1,2). The genitourinary system is an extremely rare extranodal infiltration area 
in lymphomas, the frequency is %1-2 for testicle and less than %1 for kidney, and the dominant histological subtype is diffuse B-cell lymphoma (1,3). 
To the best of our knowledge this is the first case in the literature having 18F-FDG accumulating lesions on all of the structures of the genitourinary 
system. CT, the most common imaging modality at diagnosis and follow-up, is based on determining the size and the shape of lymphomatous 
lesions and their interface with adjacent structures. Identification of disease in normal-sized organs is difficult by anatomical imaging modalities. At 
this point the usefulness of the functional information provided by 18F-FDG PET/CT comes forward (2,4,5). For the last decades, 18F-FDG PET/CT has 
been widely used for disease staging, recurrence detection, and monitoring treatment response in patients with Hodgkin’s disease and non-Hodgkin 
lymphoma (4,5,6,7). 18F-FDG PET/CT with unenhanced CT is more sensitive and specific than contrast-enhanced CT for the detection of extralymphatic 
lymphomatous involvement (7). Also, 18F-FDG PET/CT is superior to CT for determining diffuse lymphomatous infiltration in organs (8).
In this case presentation, despite urinary excretion of 18F-FDG, it is verified that 18F-FDG PET/CT is superior to CT in determining genitourinary system 
involvement of lymphoma, especially in diffuse lymphomatous infiltration.
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SPECT Miyokard Perfüzyon Sintigrafisi Sırasında Radyofarmasötik Doz Ekstravazasyonunun 
Miyokard Perfüzyon Defektlerini Maskeleme Etkisi: Olası Bir Yanlış Negatif Sonuç Nedeni

Abstract
Proper interpretation of SPECT myocardial perfusion imaging (MPI) is primarily based on strict adherence to standard 
procedural protocols from patient preparation to image processing and display. Inadvertent faulty injection of the 
radiopharmaceutical and, consequently, dose extravasation during SPECT MPI is a more important issue than that in any other 
diagnostic scintigraphic procedure. As it can be considered as a major source of false negative result, clinician’s awareness 
of this problem during interpretation is of great importance. In some occasions, no local clinical signs or image findings may 
be available to the interpreter to be aware of dose extravasation to adopt a suitable approach. Herein, we present a case 
with dose extravasation during stress phase, which is repeated another day with the same protocol, and the potential effects 
of dose extravasation on SPECT myocardial perfusion images from different aspects and useful image findings as hints are 
provided.

Keywords: Masking effect, radiopharmaceutical dose extravasation, myocardial perfusion defect, SPECT, false negative

Öz
SPECT miyokard perfüzyon görüntülemenin (MPI) doğru yorumlanması hasta hazırlığından görüntü işlenmesine ve 
gösterilmesine kadar her aşamada standart protokollere katı bir şekilde uyulmasına bağlıdır. SPECT MPI’de radyofarmasötiğin 
istemsiz olarak hatalı enjeksiyonu ve sonuç olarak doz ekstravazasyonu diğer herhangi bir tanısal sintigrafik işlemde olduğundan 
daha önemli bir konudur. Yanlış negatif sonucun ana kaynaklarından biri olarak değerlendirildiğinden, yorumlanma sırasında 
klinisyenin bu sorunun farkında olması büyük önem taşır. Bazı durumlarda, doz ekstravazasyonunun farkında olunmasını 
sağlayacak lokal belirtiler veya görüntüleme bulguları olmayabileceğinden yorum sırasında bu duruma uygun bir yaklaşım 
fırsatı olmayabilir. Burada stres fazında doz ekstravazasyonu olan bir hasta sunulmaktadır, görüntüleme aynı protokolle başka 
bir gün tekrarlanmıştır. Bu bulgular doğrultusunda doz ekstravazasyonunun SPECT MPI üzerinde olası etkileri farklı açılardan 
ele alınmış ve yararlı görüntüleme bulguları belirtilmiştir. 
Anahtar kelimeler: Maskeleme etkisi, radyofarmasötik doz ekstravazasyonu, miyokard perfüzyon görüntüleme, SPECT, 
yanlış negatif
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Figure 1. An 84-year-old female with a long history of asthma presented 
with an episode of chest pain and severe hypertension. The patient denied 
coronary angiography. Thus, a SPECT myocardial perfusion imaging 
(MPI) with dobutamine protocol was performed. Anterior projection 
of the raw cinematic image of stress SPECT MPI study (A) revealed a 
faint focal uptake in the region of left axilla (shown by arrow) as well 
as noticeably poor count statistics. In order to confirm the presence of 
tracer extravasation in the injection site, a planar anterior image with 
arms by the side (B) was obtained. As can be seen in B, considerable 
dose extravasation in the left forearm (shown by arrowhead) as well as a 
faintly hot axillary node ipsilateral to injection site were noted. 

Figure 3. SPECT MPI of the initial study (upper row in each panel) and repeated study (lower row in each panel) showed a uniform tracer distribution 
in the initial study, but a mild perfusion defect in anterior and septal regions of left ventricular (LV) myocardium in the repeat study. From a technical 
viewpoint, the radiopharmaceutical with sufficient dose must be injected intravenously at peak stress during exercise or at target heart rate achieved by 
Dobutamine infusion. An injection with partly extravasated dose into the subcutaneous space effects the result, at least, in two possible ways. First, the 
amount of radioactivity entering into the circulation and then accumulating in the myocardium is insufficient that may cause a higher degree of noise in 
SPECT images (1). Second, which is even more troublesome, the extravasated dose gradually seeps out of the subcutaneous tissue into the circulation 
and then accumulates in the myocardium in the post-stress or resting condition. Therefore, the perfusion defects developing during peak stress may 
be attenuated or thoroughly masked (2). Moreover, the latter leads to a constantly high level of radioactivity in the background tissues. The added 
background counting rate and resultant higher scatter radiation are among the main factors of reducing contrast (i.e., myocardium-to-background 
ratio and defect-to-normal myocardium ratio). The added noise or decreased image information density as a result of lower radioactivity taken up by 
the myocardium contributes to impediments to visibility of defects, especially low-contrast defects (or mild perfusion defects) (3). As this issue may 
cause false negative interpretation and necessitates repeat of stress phase, the image should be carefully inspected for any evidence of extravasation. 
Although poor-count status (or grainy appearance) of the projection images and clumping of radioactivity in the myocardium (i.e., “sausage-string” 
pattern of LV walls) in tomographic slices (4) are considered as useful hints for dose extravasation, they are not invariably present and depend on the 
degree of extravasation. In patients with lower amount of extravasation, the decreased image count density might not be noticeable. Delayed images 
may show even better count statistics as a result of slow absorption of extravasated radioactivity (5). Another finding that implies dose extravasation 
is the visualization of hot axillary node ipsilateral to the injection site (6). But this is not a flawless way to discover extravasation. In some occasions, 
the axillary region may be out of the field-of-view and in other occasions, the node may be too faint to be readily visible. An easier and more certain 
way to realize possible extravasation is checking the injection site before imaging to avoid incorrect interpretation and repeating of the stress phase 
may be advisable.

Figure 2. Anterior projection of the raw cinematic image of repeated 
stress study with the same protocol two days later demonstrated 
acceptable count statistics of the images without evidence of dose 
extravasation.
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Abstract
Primary malignant melanoma occurs most often in the skin and much less frequently in the choroid layer of the eyes, in the 
leptomeninges, oral cavity, nasal mucosa, pharynx, esophagus, bronchus, under the nail and vaginal or anorectal mucosa. 
Primary melanoma of the gastrointestinal tract has been confirmed for lesions occurring in the esophagus, stomach, small 
bowel, and anorectum through several published reports, as these are the areas where melanocytes normally exist. The 
occurrence of primary malignant melanoma in the colon is relatively rare, because melanocytes are embryologically absent in 
the large bowel. Herein we report a patient whose colonic malignant melanoma was diagnosed and disseminated metastatic 
lesions were revealed with 18F-FDG PET/CT scan. There were multiple nodular lesions showing increased 18F-FDG uptake in 
both lungs. There was a soft tissue lesion with slightly increased 18F-FDG uptake, which extended to the intraluminal region 
of the thoracic esophagus. Increased metabolic activity was detected in the asymmetric stomach wall thickening site and in 
a soft tissue lesion located on the gall bladder wall that was filling the lumen. Multiple hypodense/hyper-metabolic lesions 
were identified in the liver. Multiple hyper-metabolic polypoid soft tissue lesions were visualized in almost the entire colonic 
segments. Multiple hyper-metabolic peritoneal implants were noted in all abdominal quadrants. Increased 18F-FDG uptake was 
detected at the right surrenal gland soft tissue lesion. There was a hyper-metabolic soft tissue lesion on the posterior wall of 
the rectum. Hyper-metabolic lytic lesions were seen at the thoracal and lumbar vertebrae, left scapula, left iliac bone, sacrum 
and left femur. There was no evidence of 18F-FDG avid skin lesions in both attenuation corrected and non-corrected images.
Keywords: Colon, malignant melanoma, 18F-FDG PET/CT

Öz
Primer malign melanom sıklıkla deride ortaya çıkmaktadır, daha az sıklıkla da, gözün koroid tabakasında, leptomeninkslerde, 
oral kavitede, nazal mukozada, farinkste, özefagusta, bronşlarda, tırnak altında, vagende ve anorektal mukozada 
izlenmektedir. Primer gastrointestinal sistem melanomu, melanositlerin normal olarak bulunduğu yerlerden özofagus, 
mide, ince barsakta ve anorektumda bildirilmiştir. Melanositler embriyolojik olarak kalın barsakta bulunmadığından, kolonda 
primer malign melanom oluşumu nadirdir. Bu makalede kolon malign melanoma tanısı alan ve 18F-FDG PET/BT taramasında 
dissemine metastatik lezyonları olan bir hastayı sunuyoruz. Her iki akciğerde artmış 18F-FDG tutulumu gösteren multipl 
nodüler lezyonlar vardı. Özefagus torakal segmentte, intraluminal alana taşan ılımlı düzeyde 18F-FDG tutulumu gösteren 
yumuşak doku lezyonu vardı. Asimetrik mide duvar kalınlaşmasında ve safra kesesi duvarında lümeni dolduran yumuşak doku 
lezyonlarında artmış metabolik aktivite görüldü. Karaciğerde multipl hipodens/hipermetabolik lezyonlar görüldü. Hemen tüm 
kolon segmentlerinde multipl hipermetabolik polipoid/yumuşak doku lezyonları görüldü. Tüm abdominal kadranlarda multipl 
hipermetabolik peritoneal implantlar saptandı. Sağ sürrenal bez yumuşak doku lezyonunda artmış 18F-FDG tutulumu tespit 
edildi. Rektumun arka duvarında hipermetabolik yumuşak doku lezyonu vardı. Torakal ve lomber vertebralarda, sol skapulada, 
sol iliak kemikte, sakrumda ve sol femur boynunda hipermetabolik litik lezyonlar görüldü. Atenüasyon düzeltmesi yapılan ve 
yapılmayan görüntülerde, 18F-FDG tutulumu olan deri lezyonu lehine bulgu yoktu. 
Anahtar kelimeler: Kolon, malign melanom, 18F-FDG PET/BT
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Figure 1. 18F-FDG maximum intensity projection image. Colonoscopy 
examination of a 51-year-old man, whose only complaint was severe rectal 
bleeding, revealed multiple, large necrotic polypoid lesions in all colonic 
segments. Excisional biopsy has been performed from the sigmoid region. 
Histopathologic findings and immunohistochemistry analyses including 
S-100, HMB45 and vimentin were positive and all these findings strongly 
suggested colonic malignant melanoma. Ophthalmologic, dermatologic 
and ear-nose-throat examinations were negative for primary melanoma 
or any melanocytic lesion, thus the case was diagnosed as a colonic 
malignant melanoma. Melanomas within the gastrointestinal (GI) tract 
are usually metastatic in origin (1). However, some colonic melanomas 
are true primary tumors. The probable genesis of such tumors involves 
a concept of “ectodermal differentiation” - that ectodermal cells are 
capable of differentiation into multiple cell lines and may variably migrate 
into the colon during embryologic stages to develop into melanocytes (2). 
Primitive stem cells localized within the GI tract wall may also give rise to 
heterotopic melanocytes in the colon (3). 

Figure 2. Markedly increased 18F-FDG uptake is seen in soft tissue lesions 
of the colonic hepatic flexure, which was the largest lesion in this patient. 

Figure 3. Increased 18F-FDG uptake is detected in the lobulated contoured 
mass lesion at the right upper lung lobe anterior segment. 

Figure 4. Hyper-metabolic soft tissue lesion located in the gallbladder 
wall and the entire lumen is viewed. 

Figure 5. Hyper-metabolic, lytic lesions are visualized at the sacrum.
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Öz
Fallot tetralojisi (TOF) gibi konjenital kalp hastalıkları, pulmoner hastalıklara neden olabilecek en yaygın doğumsal kusurlardandır. 
Akciğer perfüzyon sintigrafisi (LPS), bu hastalarda akciğer yükünün değerlendirilmesinde, en iyi tedavi stratejisini belirlemede 
ve takip sürecinde önemli bir role sahiptir. Bu yazıda 10 yaşında kardiyak cerrahiden iki yıl sonra LPS uygulanan TOF’lu bir kız 
hasta bildirilmektedir. Sağ akciğer sol altta hipo-perfüzyon ile birlikte böbreklerde ve dalakta anormal Tc-99m-makro albümin 
tutulumu, sağdan sola şant varlığını ve ileri kardiyak cerrahinin gerekliliğini ortaya koydu. Bu olgu, LPS’nin TOF hastalarında 
yararının bir örneği olup, bu teknik düşük radyasyon maruziyeti, yan etkisinin olmaması, tekrarlanabilirliği, kolay yöntemi ve iyi 
hasta uyumu ile en iyi tedavi stratejisinin doğru olarak değerlendirilmesini sağlar.

Anahtar kelimeler: Akciğer perfüzyon sintigrafisi, konjenital kalp hastalığı, fallot tetralojisi, sağdan-sola şant

Abstract
Congenital heart diseases, such as tetralogy of fallot (TOF), are the most common human birth defects that may cause 

pulmonary diseases. Lung perfusion scintigraphy (LPS) has an important role in evaluating pulmonary involvement in patients 

with these defects, both as part of the diagnostic work-up and for follow-up to guide best therapeutic strategy. Herein, we 

report a 10-year-old female patient with TOF who underwent LPS two years after cardiac surgery. The scan showed hypo-

perfusion of the left respect to the right lung and abnormal uptake of Tc-99m-macroaggregated albumin in the kidneys and 

spleen, revealing the presence of a right-to-left shunt, and the necessity for further cardiac surgery. This case is a demonstrative 

example of the usefulness of LPS in patients with TOF, allowing an accurate evaluation of the best therapeutic strategy with 

the benefits of low radiation exposure, lack of side effects, reproducibility, management ease and good patient compliance.

Keywords: Lung scintigraphy perfusion, congenital heart disease, tetralogy of fallot, right-to-left shunt
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Figure 1. Congenital Heart diseases (CHD), such as tetralogy of fallot (TOF), are the most common human birth anomalies with severity depending on 
the anatomical defect with subsequent different clinical impact and management (1).
CHD may be associated with pulmonary hemodynamic defects so it is important to know lung perfusion status, since its asymmetry is a predictor of 
exercise capacity and outcome (2). Lung perfusion scintigraphy (LPS) is the gold standard for qualitative and semi-quantitative evaluation of pulmonary 
perfusion in patients with CHD (3). We report a case of a 10-year-old female patient with cyanotic spells, hypoxia and squatting episodes since birth 
that progressively increased during the years. A computed tomography angiography performed with a presumptive diagnosis of CHD revealed a 
cardiac anatomy as in TOF and the patient was admitted to pediatric cardiac surgery clinic according to the European Society of Cardiology guidelines. 
Her post-operative second year follow-up physical examination revealed clubbing and hypoxia as well as continuous murmur over the chest. Her 
abdomen was soft with normal bowel sounds and no organ enlargement. The chest X-ray suggested lung inflammatory interstitial disease without 
focal lesions, pleural effusion or cardiomegaly, her blood work-up revealed Hb: 10.5 gr/dL (normal values 11-13 g/dL), Htc: 36.8% (normal values 
35-42%), and fibrinogen protein: 630 mg/dL (normal values 150-400 mg/dL). The patient underwent LPS by intravenous injection of 111 MBq Tc-
99m-macroaggregated albumin to evaluate pulmonary hemodynamics and impairment. This figure depicts images of the thorax-abdomen acquired 
in all the 8 executable planar projections (i.e. right posterior oblique, right lateral, right anterior oblique, posterior, anterior, left posterior oblique, left 
lateral, left anterior oblique). LPS showed 80% radiopharmaceutical uptake in the lungs and the remnant 20% in the kidneys (red arrows) and spleen 
(green arrows). This finding supported the presence of a right-to-left shunt, and the patient was kept in close follow-up to be scheduled for further 
cardiac surgery.

Figure 2. LPS is a functional diagnostic tool that records the distribution of pulmonary arterial blood flow. The most common clinical indications for 
LPS are to detect pulmonary embolism, to quantify differential pulmonary perfusion before surgery or in chronic disorders, to evaluate the cause of 
pulmonary hypertension and assessment for lung transplantation. 
In patients with CHD, LPS evaluates the co-existence of congenital heart and lung hemodynamic defects such as cardiac shunt, pulmonary arterial 
stenosis, arteriovenous fistula and their treatment (4). LPS can depict normal symmetrical perfusion, unilateral absent or decreased perfusion, or 
multiple segmental abnormalities in patients with CHD. It allows to define the presence of a right to left shunt due to the presence of aortic-pulmonary 
collaterals vessels, associated with cyanogenic CHDs such as TOF (5). This LPS figure shows the thorax in detail, in the posterior (A) and anterior (B) 
projections, which clearly depicts hypo-perfusion of the left lung as compared to the right.
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Figure 3. Semi-quantitative analysis identified significant reduction of radiopharmaceutical uptake in the upper, middle and lower regions of the left 
lung with respect to the right (A) and confirmed left lung hypo-perfusion (B), thus requiring further surgery. LPS has an important role in the diagnosis, 
as part of work-up for better patient management, and during follow-up to confirm surgery or therapy success in patients with CHD (6). Our case is a 
demonstrative example of LPS usefulness in the evaluation of lung hemodynamic effects in pediatric patients with TOF, allowing an accurate evaluation 
of the best therapeutic strategy with benefits of low radiation exposure, lack of adverse effects, reproducibility, management ease and good patient 
compliance.
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